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EXECUTIVE SUMMARY 
 
This report describes the 2016 surface water quality conditions of the Kemess South Mine based 
on historic site monitoring data and recent sampling conducted in accordance with the Ministry of 
Environment’s (Moe) permit PE-15335 (2013). Water quality results from 2016 were compared 
against the British Columbia Approved Water Quality Guidelines (BC WQG) for the Protection of 
Aquatic Life to identify elevated concentrations of water quality parameters. 
 
The Kemess South Mine is located in north-central British Columbia, 430 km northwest of Prince 
George.  The mine site is primarily in the Kemess Creek drainage basin, although the Non-Acid 
Generating (NAG) Waste Rock Dump is located in a much smaller, adjacent catchment (Waste 
Rock Creek).  Both creeks discharge southward into Attichika Creek, which flows west into 
Thutade Lake.  The Kemess watershed has two main tributaries, South Kemess and North 
Kemess creeks.  The tailings impoundment is located in the upper reaches of South Kemess 
Creek (formerly East Kemess Creek).  The open pit, processing facility, concentrator, and camp 
are located on the west side of the Kemess Creek mainstem. 
 
2016 Water Quality Conditions   
 
The discharges authorized in the permit’s (PE15335) sections 1.1, 1.2, 1.3, and 1.4 satisfied the 
effluent quality limits specified in section 1.7 for the 2016 reporting period.  The sewage treatment 
plant effluent satisfied the requirements specified in section 1.6.2; however, the treated sanitary 
effluent discharged to the Mill Area Sedimentation Pond exceeded the daily authorized discharge 
rate of 45m3/day on two occasions in 2016.  
 
Surface waters in the Waste Rock Creek watershed were observed to have a neutral pH for all 
samples and total suspended solids less than 30 mg/L for all samples taken in 2016.  Total 
suspended solids are typically higher during freshet at most sampling locations in this system.  
Parameters identified above the BC WQG in the Waste Rock Creek watershed in 2016 were 
nitrate, nitrite, selenium, iron, zinc, aluminum, and copper.  Elevated concentrations of copper 
and aluminum were also recorded at the reference site WQ-RCb located upstream of the Waste 
Rock Dump.  Draft Environmental Management Plans for selenium and nitrate were submitted to 
MoE in 2014 and will be updated in 2017 as part of the permit application for the Kemess 
Underground Project.  Mitigation strategies to reduce the elevated concentrations continue to be 
developed. 
 
In the Kemess Creek Watershed, zinc was identified as the only parameter above the BC WQG.     
 
Surface waters at the final compliance site in Attichika Creek (WQ-18) consisted of neutral pH 
and TSS below 30 mg/L.  There were no recorded WQG exceedances at WQ-18 in 2016. 
 
Reportable Spills 
 
There were two reportable spills that occurred at Kemess in 2016.  One of the spills occurred as 
the result of physical damage to one of the selenium pipelines, suspected to be caused by a 
grader, which punctured a hole in the pipeline. The other spill was due to freezing of the pipeline 
preventing water from being routed to the Pit.  The pipeline and pumping system continue to be 
monitored several times daily. In 2017, additional 10” pipe will be ordered to ensure there is spare 
pipe in the event of a pipeline failure or a potential frozen pipe. The 12” secondary pipeline will be 
reinstalled parallel to the primary line when the full extent of the primary pipeline is thawed.  In 
addition to the two reportable spills, there were two incidents of an unauthorized bypass recorded 
in 2016 when the capacity of the Seepage Recycle Pond (SRP) was exceeded due to a pump 
failure.  When the pumps are operational, effluent captured in the Seepage Recycle Pond is 
pumped to the Tailings Sediment Pond (TSP) where it is authorized for discharge through an 
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outlet pipe (WQ-TSP).  However, when the pumps failed, the effluent took a different route, via 
the emergency outlet feature of the SRP, to the same ultimate destination in South Kemess 
Creek, resulting in an unauthorized discharge from the SRP pond.  The pump was repaired and 
the ponds are checked daily for any reoccurrences. 
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1.0 INTRODUCTION 
 
This report represents the annual review of discharge and receiving environment waters at the 
Kemess Mine site in comparison with discharge limits, water quality guidelines and baseline data.  
The report fulfills the obligation for Section 5.2 of the British Columbia Ministry of Environment 
(MOE) Waste Management Permit PE-15335. 
 
The objectives of this report are: 
 

• to provide a summary of ambient monitoring results and an assessment of compliance 
with the permit, and 

 
• to provide a concise summary of actions taken to rectify non-compliance where required 

and to rectify the potential for non-compliance. 
 

1.1 Overview 
 
The Kemess South Mine is located in north-central British Columbia, 430 km northwest of Prince 
George.  The Kemess South complex consists of an open-pit mine, a 24,650 tonnes per day 
processing facility and various ancillary support facilities, including maintenance shops and 
housing for 400 full-time employees.  The mine ceased operations in March 2011, and is currently 
in care and maintenance until an Environmental Assessment certificate is issued for the Kemess 
Underground project. 
 

1.2 Ownership and Land Tenure 
 
The Kemess South Mine is owned and operated by AuRico Metals Inc.  The original owners, El 
Condor Resources and St. Phillips Resources, submitted an Application for a Mine Development 
Certificate to the Mine Development Assessment Process (MDAP) in 1994.  A project committee 
was established to coordinate the British Columbian and Canadian governments' environmental 
review of the project.  In August 1995, Royal Oak Mines Inc. acquired all issued and outstanding 
shares of El Condor Resources and St. Phillips Resources.  Construction of the project began in 
1996 and was essentially completed in 1998, with commercial production being achieved in 
October 1998.  Royal Oak Mines Inc. was placed in receivership April 1999, and Northgate 
Minerals Corporation acquired the Kemess South Mine in February 2000.  Northgate Minerals 
operated Kemess South Mine until the company was acquired by AuRico Gold Inc, in October 
2011. On July 2, 2015, AuRico Gold Inc. merged with Alamos Gold Inc., an outcome of which 
was AuRico Metals Inc. as a standalone company with Kemess as the principal mineral project 
within the company. 
 

1.3 Location and Access 
 
The Kemess South Mine is located approximately 7 km east of Thutade Lake, in the northern 
Omineca Mountains of north central British Columbia (Figure 1.3).  The mine is approximately 
300 km northwest of Mackenzie, the nearest large community.  The coordinates of the mine site 
are latitude 57 00’ N, longitude 126 45’ W, and the mine development area straddles the National 
Topographic System 94 D / 15 and 94 E / 2 map sheets.  The project site is accessible via the 
Omineca Resource Access Road (ORAR), an all-weather main line industrial road from 
Mackenzie, British Columbia.  This road provides for transportation of mine supplies and 
concentrate.  During operations, personnel were flown from Vancouver, Kamloops, Kelowna, 
Prince George, Smithers, and Williams Lake, B.C. to Kemess’ 1.6 km long airstrip. 
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The mine transitioned into a ‘care and maintenance’ phase in 2011 after operations ceased.  As 
of November 2011, site presence decreased to a base of six people, with fly in access from 
Prince George and Smithers, and the ORAR was downgraded to summer traffic only.  In the 
summers, there is an exploration field crew on site conducting a drilling program for the Kemess 
Underground project.  Their team consists of geologists, geotechnicians, laborers, pilots and 
drillers. 
 
The Kemess South Mine site is primarily in the Kemess Creek drainage basin, although the Non-
Acid Generating (NAG) Waste Rock Dump is located in a much smaller (< 10 km2), adjacent 
catchment (Waste Rock Creek).  Kemess Creek has a median basin elevation of 1550 m and a 
drainage area of 120 km2.  Both creeks discharge southward into Attichika Creek, which flows 
west into Thutade Lake.  The Kemess watershed has two main tributaries, South Kemess and 
North Kemess creeks.  The tailings impoundment is located in the upper reaches of South 
Kemess Creek (formerly East Kemess Creek).  The open pit, mill, concentrator, and camp are 
located on the west side of the Kemess Creek mainstem. 
 

 
Figure 1.3: Thutade Lake Area – Kemess Mine Location Map 
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2.0 WATER QUALITY MONITORING PROGRAM 
 
Baseline water quality monitoring for Kemess South was initiated in July 1991 and completed in 
October 1993.  The project construction phase occurred from August 1996 to April 1998.  
Commercial operations at the mine occurred from October 1998 to March 2011.  All of the 
permitted water quality stations and their corresponding discharge reference numbers are listed 
in Table 2.1.  Water quality monitoring has been ongoing since 1996. 
 
During 2004, and in 2008/2009, and again in 2013 permit PE-15335 was jointly reviewed by 
Kemess and BC MOE resulting in substantial modifications to the water quality monitoring 
program.  The modifications were based on review of the available field data from previous years 
of sampling.  For each phase of the monitoring program, the reviews resulted in modifications to 
the sample locations.   
 
The current site monitoring program is separated into the following categories: 
 
• Daily in-house turbidity analyses when turbidity thresholds are exceeded. 
• Weekly in-house temperature, turbidity, conductivity and dissolved oxygen analyses 

between May 1st and September 30th each year. 
• Weekly flow rates at select sites. 
• Weekly total suspended solids and turbidity at select sites (external laboratory). 
• Monthly water sampling and analyses for field pH and conductivity (in-house), and 

laboratory total suspended solids, turbidity, conductivity, pH, ammonia, nitrate, nitrite, total 
nitrogen, chloride, orthophosphorus, total dissolved phosphorus, alkalinity, hardness and 
sulphate, as well as total and dissolved metals (external laboratory), with 1 duplicate sample 
for quality assurance/quality control (QA/QC) and 1 travel blank.  

• Quarterly water sampling and analyses at background reference sites for field pH and 
conductivity (in-house), and general parameters, total and dissolved metals, and total 
extractable hydrocarbons at select sites (external laboratory). 

• Alternate monthly and/or quarterly Ceriodaphnia dubia bioassays at select sites. 
 
An updated site plan for Kemess South Mine is presented in Figure 2.  Current water quality and 
hydrometric monitoring locations are presented in Figures 2.1, 2.1a, and 2.1b. 
 

2.1 Baseline Monitoring Program Results 
 
The baseline monitoring results for July 1991 to October 1993 are presented in Appendix I of the 
Kemess Application Report (Hallam Knight Piesold, 1993).  A detailed discussion of the baseline 
results is provided in “Water Quality Assessment and Objectives for the Kemess South Project – 
Final Technical Report” (Hallam Knight Piesold, 1996). 
 
The most recent version of PE 15335 (2013) does not reflect the site specific water quality 
objectives that were determined during the baseline monitoring.  The site specific water quality 
objectives were substituted with the Approved BC Water Quality Guidelines (BC WQG) for 
freshwater aquatic life available on the BC Ministry of Environment (Environment Protection 
Division) website, with the exception of selenium in Waste Rock Creek at monitoring station WQ-
14F.  The BC WQG apply to the permit-specified compliance sites:  WQ-25, WQ-01, WQ-03, 
WQ-17, and WQ-18.  The calculated water quality objectives for the Kemess South project area 
are included in Appendix A for reference. 
 
Discharge sites, as outlined in the permit (PE15335), must meet the limits specified in section 1.7 
of the permit.  The permit-specified limits are listed in Table 2.2.  
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Table 2.1: Active Water Quality Sampling Site Locations. 

Sample Site 
Name Sample Site Location Authorized Discharge/ Permit 

Section 
Discharge Monitoring  

WQ-TSF Spill Tailings Storage Facility Discharge at Spillway Weir E294449 – TAILINGS STORAGE 
FACILITY (TSF) SPILLWAY 

WQ-TSP Tailings Dam Sediment Pond Discharge E294450 – TSF DAM 
SEDIMENTATION POND (TSP) 

WQ-TSP TSP Bottom Sediments  

WQ-SRP Seepage Recycle Pond Toe Drain Discharge at V-notch Weir E294450 – TSF DAM 
SEDIMENTATION POND (TSP) 

WQ-SRPW Seepage Recycle Pond Artesian Well Discharge E294450 – TSF DAM 
SEDIMENTATION POND (TSP) 

WQ-23a Plunge Pool Discharge to South Kemess Creek at South Dam Chamber South Diversion Dam Surface 
Water Flows (Section 3.1) 

WQ-BXL BXL Creek Discharge at V-notch Weir, 30 m upstream of Kemess Creek E276384 - BXL RUNOFF 
COLLECTION PONDS 

WQ-Pit Open Pit Water E294451 

WR-S4 Southern Collection System Discharge E276385 – WASTE ROCK 
DUMP COLLECTION PONDS 

WQ-SCSP Southern Collection System Pond Discharge E276385 – WASTE ROCK 
DUMP COLLECTION PONDS 

WQ-WCSP Western Collection System Pond Discharge E276385 – WASTE ROCK 
DUMP COLLECTION PONDS 

Surface Water Monitoring  

WQ-SDDI South Arm Creek upstream of South Diversion Pond (Reference) E305619 
WQ-24 Mill Creek 10m upstream of South Kemess Creek E305621 
WQ-25 South Kemess Creek 100 m downstream of Mill Creek (Comparative) E305622 
WQ-04 North Kemess Creek 10 m upstream of South Kemess Creek (Reference) E305623 
WQ-03 Kemess Creek 10 m downstream of Kemess Arch E305624 
WQ-01 Kemess Creek 10 m downstream of ORAR Bridge E305625 
WQ-13 Attichika Creek 30 m downstream of ORAR Bridge (Reference) E305626 
WQ-17 Attichika Creek 0.8 km downstream of Kemess Creek (Comparative) E305627 
WQ-RCb Reference Site upstream of Waste Rock Dump E305628 
WQ-14F Waste Rock Creek 250 m upstream ORAR at flume (Comparative) E305629 
ATWL-1a Attichika Wetland  ~ 100 m downstream of Waste Rock Creek outlet E305630 
ATWL-1 Attichika Wetland  ~ 600 m downstream of Waste Rock Creek outlet E305631 

WQ-18 Attichika Creek ~ 100 m downstream of Waste Rock Creek/wetland outflow 
(Comparative) E305632 

WQ-EC El Condor Creek downstream of main haul road (Comparative) E305633 
WQ-A Duplicate A  
Sewage Treatment Plant Monitoring  

WQ-STP Discharge of treated sanitary effluent to the Mill Area Sedimentation Pond E236439 – SEWAGE 
TREATMENT PLANT 

 
 

Table 2.2: Discharge Effluent Quality Limits. 

Parameter Limit 

Total Suspended Solids 30 mg/L 

pH 6.5-9.5 

LC50 Bioassay PASS 
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Table 2.3: Approved BC Water Quality Guidelines. 
 BC Water Quality Guideline 

Parameter Condition 30-Day Average (mg/L) Maximum (mg/L) 
pH   6.5 – 9.0 

Total Suspended 
Solids (TSS) 

In Clear Flow/Clear Waters: 
Change from background of 25 mg/L at any one time for a duration of 24 h in all waters. Change 

from background of 5 mg/L at any one time for a duration of 30 d in all waters. 

In High Flows/Turbid Waters: 
Change from background of 10 mg/L at any time when background is 25 - 100 mg/L. Change from 

background of 10% when background is >100 mg/L at any time. 

Turbidity (NTU) 

In Clear Flow/Clear Waters: 
Change from background of 8 NTU at any one time for a duration of 24 h in all waters. Change from 

background of 2 NTU at any one time for a duration of 30 d in all waters. 

In High Flows/Turbid Waters: 
Change from background of 5 NTU at any time when background is 8 - 50 NTU. Change from 

background of 10% when background is >50 NTU at any time. 

Chloride  150 600 

Fluoride Hardness = 10 mg/L 
CaCO3 

 

0.4 mg/L. 
Otherwise LC 50 = -51.73 + 

92.57 log 10 (hardness) * 0.01 
mg/L. 

Sulphate 

Hardness 0-30 mg/L 
CaCO3 

128  

Hardness 31-75 mg/L 
CaCO3 

218  

Hardness 76-180 mg/L 
CaCO3 

309  

Hardness 181-250 mg/L 
CaCO3 

429  

Hardness >250 mg/L 
CaCO3 

Need to determine based on site 
water  

Nitrate  3 32.8 
Nitrite Chloride ≤ 2 0.02 0.06 

Aluminum 
(Dissolved) 

pH > 6.5 0.05 0.1 

pH < 6.5 e(1.6-3.327(median 
pH)+0.402(median pH)2) e (1.209-2.426(pH)+0.286(pH)2 

Arsenic    0.005 

Boron   1.2 

Cadmium 
(Dissolved)  e[0.736 * ln(Hss) - 4.943]/1000 e[1.03 * ln(Hss) - 5.274]/1000 

Chromium    0.001 (Cr (VI)) 
0.009 (Cr(III) 

Cobalt   0.004 0.11 

Copper  
Hardness ≤ 50 mg/L 

CaCO3 
0.002 (0.094(Hardness)+2)/1000 

Hardness > 50 mg/L 0.04(mean Hardness)/1000  
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 BC Water Quality Guideline 
Parameter Condition 30-Day Average (mg/L) Maximum (mg/L) 

CaCO3 

Iron    1 
Iron (Dissolved)   0.35 

Lead  

Hardness ≤ 8 mg/L 
CaCO3 

  

Hardness > 8 mg/L 
CaCO3 

(3.31+e(1.273(LN(mean Hardness))-4.704) )/1000 e(1.273(LN(Hardness))-1.460) 

/1000 

Lithium   0.014 
Manganese   (0.0044*Hardness)+0.605 (0.01102*Hardness)+0.54 

Mercury   0.00002  
Molybdenum   ≤ 1 2 

Nickel  

Hardness 0-60 mg/L 
CaCO3 

 0.025 

Hardness 60-120 mg/L 
CaCO3 

 0.065 

Hardness 120-180mg/L 
CaCO3 

 0.110 

Hardness >180 mg/L 
CaCO3 

 0.150 

Selenium  Alert Level  0.001 
Guideline  0.002 

Silver  

Hardness ≤ 100 mg/L 
CaCO3 

0.00005 0.0001 

Hardness > 100 mg/L 
CaCO3 

0.0015 0.003 

Thallium  0.0003  
Uranium   0.3 

Vanadium   0.006 

Zinc  

Hardness ≤ 90 mg/L 
CaCO3 

0.0075 0.033 

Hardness > 90 mg/L 
CaCO3 

(7.5+0.75*(Hardness-90))/1000 (33+0.75*(Hardness-90))/1000 

Note:  All metal concentrations are total, unless otherwise indicated. 
Source: KUG Surface Water Quality Baseline Study (Klohn Crippen Burger 2015). 
 
2.2 Development and Production Phase 
 
Construction of the roadways, tailings starter dam, tailings pipeline, mill, and camp facilities 
commenced in August 1996. 
 
Construction of the North and South Diversion Dams commenced in March 1997.  The North 
Diversion Dam was completed during July 1997 and the South Diversion Dam was completed 
during September 1997. 
 
Construction of the Tailings Storage Facility (TSF) commenced in July 1997.  Construction of the 
TSF was by conventional placement of compacted earth fill until approximately April 2002.  At this 
time, cycloned sand construction was initiated, which uses Non-Acid Generating (NAG) sand that 
is produced from the mill tailings.  Placement of cycloned sand on the downstream side of the 
dam was completed in 2008, and upstream construction was completed in early 2009.  
Reclamation activities began on the downstream side of the dam in the summer of 2008.  A 
detailed description is provided in the 2010 ML/ARD and Reclamation report submitted to 
MEMPR in April 2011. 
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The Seepage Recycle Pond (SRP) was constructed between December 1997 and June 1998, 
and the Sedimentation Pond was constructed in 2002-2003 to collect decant water from hydraulic 
sand placement.  Pumping of tailings effluent to the Tailings Storage Facility (TSF) commenced 
May 1998.  Pumping of tailings to the West Pit began in 2009.  The Kemess South Pit is 
proposed to be used as the tailings storage facility for the Kemess Underground Project.  
 
The Leach Cap Waste Dump (LCWD) was established in August 1999, which allowed for the 
segregation of this material type within the Waste Rock Dump.  The original reclamation plan 
included provisions for encapsulation of this material within the dump at the end of mine life. 
 
The Ex-Pit PAG dump was established in 2002 and was a temporary storage facility for three 
types of Potentially Acid Generating (PAG) material: Hypogene PAG, Asitka PAG, and Graphitic 
Asitka PAG.  The majority of graphitic Asitka sediment PAG material type has been relocated into 
the open pit.  The In-Pit PAG dump was relocated from the western side of the open pit during 
late 2002 and early 2003 to the top of the LCWD.  The area where the PAG dump was formerly 
located was reclaimed in 2011-2012. 
 
2.3 Reclamation and Closure Phase 
 
Major works for final reclamation began in 2008, focusing on inactive areas of the tailings dam, 
waste rock dumps, and expended borrow areas.  Details are presented in the final update of the 
Reclamation and Closure Plan (RCP) provided to regulatory agencies in September 2010.  
Kemess South Mine ended operations in March 2011.   
 
As of April 2011, all of the Ex-Pit PAG and In-Pit PAG dump tonnage has been deposited in the 
West Pit.  Deposition in the West Pit is part of a long-term management strategy for sub-aqueous 
disposal of these PAG materials in order to alleviate acid production concerns at the end of mine 
life.  Confirmation sampling of the temporary storage pads occurred to ensure that all PAG was 
removed prior to overburden placement and revegetation.  Water quality modeling of the Pit, 
incorporating the tailings and waste rock deposition was incorporated in the RCP as Volume WQ 
(Klohn Crippen Berger).  Some components of the water quality model were updated in the 
Surface Water Quality Model Update Revision 1 report (2014) in order to meet the requirements 
for updated selenium and nitrate management plans.   
 
Construction of the KS TSF spillway commenced in late 2009, and was completed in summer 
2012.  The spillway will allow for discharge of pond water, with initial discharge not anticipated 
until Spring 2016.  Water will not be discharged if it is not of suitable quality.  Provisions are in 
place that will enable transport of pond water to the Pit if monitoring indicates that further 
freshwater dilution is required in the tailings pond prior to discharge.  During discharge, water 
from the tailings pond will flow down the spillway into South Kemess Creek at the toe of the dam, 
immediately upstream of the Mill Creek confluence. 
 
The water diversion system, which collects upland water and transports it around the TSF to 
maintain flows in South Kemess Creek for fisheries purposes, was required to minimize storage 
requirements for the TSF (i.e., limiting surplus water reporting to the tailings pond).  Once TSF 
water is discharged to the environment, the water diversion system can be decommissioned, 
effectively restoring the contiguity of the former drainage. 
 
Progressive reclamation activities have occurred for many years in borrow areas adjacent to the 
KS TSF.  Final reclamation activities have occurred in all borrows.  This includes Borrow 10, with 
final works having occurred in summer 2012. Works included final contouring (with the exception 
of the Powerline access road, which was maintained in the upland area of the borrow, and ditch 
network construction.   Drainage in this area was directed into the BXL Sedimentation Ponds, 
which discharge into Kemess Creek through WQ-BXL.  This discharge enters Kemess Creek 
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immediately upstream of monitoring station WQ-03.  Similarly, the BXL Sedimentation Ponds will 
be reclaimed to facilitate uncontrolled discharge of clean water into Kemess Creek.  Currently, 
pumping contingencies are in place in order to ensure that quality of the water discharged 
through this area is suitable for introduction into Kemess Creek. 
 
Final reclamation works for the WRD began in 2009 with sloping of the dumps and application of 
overburden on the surfaces.  Works conducted in 2011 include contouring of overburden dumps 
and construction of drainage ditches to direct water from the dump surfaces to the southern 
collection ditch system (Waste Rock Creek).  Details are provided in the 2010 RCP.  Construction 
of the engineered cover for the Leach Cap Waste Dump commenced in 2010 and was completed 
in August 2011.  The cover is designed to minimize infiltration through the Leach Cap material, 
and thus will limit the quantity of leachable parameters (such as selenium) entering Waste Rock 
Creek.   
 
3.0 DATA QUALITY ASSURANCE 
 
The field quality assurance (QA) program at Kemess includes one semi-blind duplicate for 
general parameters, total metals, and dissolved metals with each month’s sample shipment.  
During initial years of the sampling program, three semi-blind duplicates were submitted, but this 
was reduced to one during 2002.  An external analytical laboratory conducts the environmental 
analyses and, to minimize the potential for contamination during filtration, filtration of the samples 
submitted for all dissolved metals analyses.  Semi-blind duplicates were submitted as ‘WQ-A’ 
during 2016.  Travel blanks are sent to Kemess from the laboratory and then returned unopened 
for analysis of general parameters, total and dissolved metals.  Travel blanks for general 
parameters are collected as many times as possible through the year (this is generally monthly).  
The results from the field duplicates and travel blanks analyzed in 2016 are included in Appendix 
A. 
 
All samples requiring external analysis used to be shipped to ALS Environmental in Vancouver.  
In December 2009, analytical service requirements were transferred from ALS to Maxxam 
Analytics.  The data presented here for 2016 are results of analyses performed by Maxxam only. 
 
All Data Quality Objectives available from Maxxam Analytics are provided in Appendix A.  The 
Maxxam Analytics QA program includes the analysis of laboratory replicates, one method blank 
for general parameters and metals, and one standard per batch or certificate.  Copies of the 
QA/QC data from the lab are included with the digital version of the data report that is received by 
Kemess Mine for each sampling period.  The lab QC data is reviewed when elevated 
concentrations are observed to determine if the result is real or a product of laboratory procedural 
error. 
 
The lab carries out its own internal QC program review and provides notification to Kemess if any 
inconsistencies or discrepancies are noted in the data or if detection limits require adjustment on 
certain samples (this can occur if there are interferences within the sample volume). 
 

3.1 Field Meters 
All in situ measurements are collected using the Horiba U-52 multimeter.  Prior to Fall 2014, all in 
situ measurements were collected primarily using a Horiba U-10 multi-parameter sensor, 
although an YSI 6920V2 has also been used for verification purposes and for programs requiring 
collection of continuous (logged) data.   All sensors have the ability to measure pH, conductivity, 
turbidity, dissolved oxygen and temperature.  The instruments are calibrated on a regular 
schedule, using either an auto-calibration standard or multiple standards of various 
concentrations for span calibrations, and re-calibrated as required.  The back-up field meters 
used at Kemess include a portable Hach model 2100P turbidimeter and a LF 318 handheld 
conductivity meter and now include the older Horiba U-10 models.  These meters are calibrated 
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with appropriate standards as per manufacturer directions as required.  The precision of the 
meters has been evaluated by comparing measured field values with laboratory values (Appendix 
A).  Acceptable error was considered as equal to the laboratory acceptance criteria for each 
parameter, which is the same method used to evaluate duplicate samples. 
 
In 2016, there were 28 exceedances of the turbidity acceptance criteria when field data were 
compared to external laboratory data (Table 2, Appendix A).  In all cases, the lab turbidity was 
recorded as lower than the field turbidity. It is important to note that where in situ turbidity 
measurements are considered unreliable (due to an equilibration issue), turbidity is measured 
again with either an alternate multiparameter probe or in the on-site laboratory.  The second 
result is considered to be more accurate and is the value reported.  Generally there is variation 
between in situ turbidity measurements and values measured from grab samples.  Potential 
explanations are: 
 

• transport effects, such as particle settlement or aggregation in the sample bottle, 
• shear effects when using bottles as collection devices (attempts to minimize this 

source of error occurred in 2010 with the utilization of wide-mouth bottles 
provided by Maxxam), 

• transfer effects if using a collection device other than the bottle used for 
shipment, 

• sampler-induced error (e.g., bed disturbance during sampling), and 
• natural variability between samples (note that natural variation during freshet is 

generally much greater than during lower flows). 
 
 
The conductivity precision data shows that the criterion was exceeded at 24 sites in 2016 (Table 
2, Appendix A).  This is most likely due to the instrument requiring calibration at the time the 
measurement was recorded or sampler error.  All criteria exceedances indicated that the lab 
conductivity measurements were lower than the field turbidity readings. 
Routine field sampling of pH was established during September 2002 and subsequently removed 
from Permit PE-15335 during March 2004 and then re-established in 2013.  Measuring and 
reporting of field pH values commenced in September 2013.  The pH precision data indicates that 
there were 3 exceedances in pH acceptance criteria when field data were compared to external 
laboratory data in 2016 (Table 2, Appendix A).  This is most likely due to the instrument requiring 
calibration at the time the measurement was recorded or sampler error.   
 

3.2 Field QA Results and Discussion 
During 2016, 12 field duplicate sets were compared for general parameters, total metals and 
dissolved metals.  The field duplicates were compared with the purpose of evaluating the Total 
Assay Error (TAE).  The TAE is the result of combined field error, lab error, and the instantaneous 
environmental variability between the side-by-side samples. 
 
The acceptable TAE is considered as equal to the laboratory acceptance criteria for each 
parameter.  The laboratory detection limits are found in Appendix A, as is a table of the duplicate 
samples that exceeded acceptable criteria. 
 
3.2.1 General Parameters 
 
The acceptable TAE criteria for general parameters were exceeded 4 times in 2016. The 
exceedances occurred in January, August, September, and December for Ammonia.  Ammonia 
analysis continues to be investigated by Maxxam and Kemess.  In previous years, there 
appeared to be an effect created by addition of preservative and neutralizing agent that 
influenced the ammonia analysis.  Discussion of this year’s findings occur further within this 
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report, and letters from Maxxam dated April 21, 2011, March 26, 2012, and March 6, 2013 
explaining the false biases are included in previous versions of the Annual WQ report. 
 
3.2.2 Total and Dissolved Metals 
 
There were nineteen exceedances of the acceptable TAE criteria for total metals during 2016 and 
twelve exceedances of the TAE criteria for dissolved metals.  Exceedances of the total metals 
criteria occurred during July, August, October, and December for aluminum (Al-T), January and 
April for cadmium (T-Cd), July for chromium (T-Cr), January, and October for lead (Pb-T), 
January and August for copper (Cu-T), July, August, October, November, and December for iron 
(Fe-T), and in August, October, and November for manganese (Mn-T).  In the past, these are the 
parameters for which exceedances have primarily occurred. Differences are typically related to 
variation in suspended sediment concentration between samples.  Small differences in TSS can 
result in more significant differences in total metals concentrations.  Travel blanks for total metals 
indicate exceedance of detection limits in March, April, June, July, and August for aluminum (Al-
T), as well as in April, May, and June for for zinc (Zn-T),  
 
Dissolved metal exceedances occurred for aluminum (Al-D) in May and August, manganese (Mn-
D) in July, and iron (Fe-D) in January, March, and July as well as January, March, April, May, 
August and December for zinc (Zn-D).  Travel blanks results for dissolved metals indicate no 
exceedances of detection limits in 2016.  No other discernible comparisons are observed. 
 
Metals with concentrations consistently below detection limits (e.g., beryllium, nickel, and 
vanadium) have not been included in the Appendix A tables. 
 
3.2.3 Travel Blanks 
 
A sample of analyte free media (supplied by the laboratory) is taken to the site and returned to 
the laboratory unopened. The laboratory prepares the trip blank. A duplicate of the trip blank 
prepared at the same time is retained at the laboratory in a contaminant free location.  The 
analysis results are used to identify any potential cross-contamination that may occur from other 
samples, ambient conditions, or other sources that samples may be exposed.  A travel blank is 
analyzed with each regularly scheduled sample-set. 
 
Travel blanks were analyzed by Maxxam monthly for general parameters, and total and dissolved 
metals.  Travel blanks returned values greater than detection limits for various parameters during 
several of the sampling periods.  Patterns of note are that the majority of exceedances occurred 
for aluminum, iron, molybdenum, and zinc. Maxxam indicates that their QA/QC limits allow for 
positive values if the result remains below 2 x RDL (Reportable Detection Limit), which is the 
case for most of these exceedances.   

3.3 Laboratory QA/QC Data 
In previous annual reports, results from analysis of certified reference materials (CRM) (used to 
assess the accuracy of the laboratory analytical instruments) were reported.  However, the 
current external laboratory (Maxxam Analytics) used for analysis of samples collected at Kemess 
Mine uses laboratory fortified spikes (Spiked Blanks) for calculations of accuracy in their QC 
program.  The accuracy is reported as percent recovery (%) during analysis compared to target 
values from the spikes.  All results reported here fall within the accuracy ranges listed for each 
parameter in Data Quality Objectives provided in Appendix A. 
 
Method Blank  
 
A Method Blank is a laboratory control sample that is free of the target parameters and of any 
substance that may interfere with that analysis. A method blank is processed through the entire 
analytical method including any extraction, digestion or any other preparation procedure.  The 
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purpose of this sample is to monitor laboratory background levels of target analytes and 
laboratory artifacts.  The frequency of analysis is 1 per batch run. 
 
Laboratory Duplicates (RPD) 
 
A second aliquot from a randomly chosen sample within an analytical batch processed through 
the entire analytical method.  Laboratory duplicates are expressed as the Relative Percent 
Difference (RPD) between the two results.  The results are used to evaluate analytical precision 
and sample homogeneity.  The frequency of analysis is 1 per batch of 15 to 20 samples, or an 
average frequency of at least 5% of total samples. 
 

3.4 Control Sites 
 
A number of the stream sampling stations listed in Table 2.1 are designated as control sites, as 
they are located upstream of the influence of mine development.  The active control sites that are 
routinely monitored on a quarterly basis are WQ-RCb (Upper Waste Rock Creek), WQ-04 (North 
Kemess Creek), WQ-13 (Attichika Creek upstream of Kemess Creek confluence) and WQ-SDDI 
(upstream of KS TSF). 
 
The drainage into the Waste Rock Dump has been monitored at Stations WQ-RC and WQ-RCb.  
Station WQ-RC is located upstream of the Waste Rock Dump and has been sporadically 
monitored since mine development.  Construction of the diversion channel around the Waste 
Rock Dump during fall 2001 diverted the waste rock stream near the original station WQ-RC into 
a different drainage that discharges to Attichika Creek.  Seepage from the diversion channel has 
retained some flow in the old WQ-RC channel.  From January until March 2004, WQ-RC was 
sampled in the diversion channel.  After March 2004, the site was re-numbered as WQ-RCb with 
sampling moved to the remaining flows in the original channel draining into the Waste Rock 
Dump (all data pertaining to WQ-RC and WQ-RCb are combined in the same Figures in 
Appendix D).   
 
Station WQ-04 on North Kemess Creek was subjected to short duration sediment inputs from 
Borrow 7 between 1998 and 2002 due to failure of the sediment collection system in the 
northwest borrow area.  This problem was addressed during 2002 and 2003 and has been 
successfully resolved based on subsequent monitoring results.  Following March 2004, sampling 
at WQ-04 was reduced to quarterly frequency for general parameters and total and dissolved 
metals. 
 
Station WQ-13 is located at the crossing of the ORAR over Attichika Creek upstream of the mine.  
In the past few years, there have been several periods of elevated turbidity and metals noted at 
this site.  Field observations indicate that these incidences are most likely related to major 
changing of the channel morphology upstream of the sampling site.  Following March 2004, 
sampling at WQ-13 was reduced to quarterly frequency for general parameters and total and 
dissolved metals. 
 
Station WQ-SDDI is located upstream of the main fresh water diversion reservoir in the South 
Kemess Creek drainage basin.  This stream drains a high elevation basin that has only marginal 
impacts from borrow development.  Following March 2004, sampling at WQ-SDDI was reduced to 
quarterly frequency for general parameters and total and dissolved metals. 
 
 
4.0 WATER FLOW 
 
The information presented in this report is from the 2016 flow season.  Tabulated staff gauge 
readings and discharge measurements, as well as associated rating curves where available, are 
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presented in Appendix B.  Staff gauges and associated rating curves are established in Kemess 
Creek at WQ-01, WQ-03, WQ-04 (North Kemess Creek), WQ-25 (South Kemess Creek), in 
Attichika Creek at WQ-13 and WQ-18, in Waste Rock Creek at WQ-14F, as well as at mine 
discharge sites WQ-BXL, WQ-SRP, WQ-TSP, WQ-WCSP, and WR-S4.  V-Notch flow 
measurement structures exist at WQ-BXL and WQ-SRP.  Automatic flow measurement stations 
are, during open-water periods, at WQ-01, WQ-03, WQ-04, WQ-05, WQ-13, WQ-TSP and WQ-
WCSP.  Time series of staff gauge measurements are also presented in Appendix B. 
 

4.1 Staff Gauges 
 
Staff gauges were installed at most sites during 2000 with additional gauges added during 2001.  
Data collected from the staff gauges at each site are presented in Appendix B.  Between 2001 
and 2007, staff gauges were surveyed using GPS to provide some confirmation that movement 
was not occurring.  During the 2007 freshet, staff gauges at WQ-01, WQ-03, and WQ-13 were 
lost and new staff gauges were installed once water levels receded.  In all three cases, staff 
gauges were placed in new locations. 
 
Overall, between 2007 and 2008, permanent benchmarks were installed at Kemess Creek sites 
WQ-01, WQ-03, WQ-04, WQ-05, and WQ-25, as well as Attichika Creek sites WQ-13 and WQ-18 
(the staff gauge at WQ-18 was installed in 2008).  In 2013, staff gauges were installed at sites 
WQ-WCSP, WR-S4, and a new location at WQ-14F.  All staff gauges were level surveyed.  
Surveying was conducted by P. Beaudry and Associates Ltd. (PBA) and all gauges will continue 
to be level surveyed on an annual basis to determine whether shifting of the gauge has occurred.  
Survey data for 2016 are provided in the report titled Results of the 2016 Hydrometric Monitoring 
Program – Kemess South Mine Site, which is presented in Appendix B. 
 

4.2 Discharge Measurements and Rating Curves 
 
PBA was contracted to manage the hydrometrics at Kemess South Mine initially in 2008, and he 
conducted subsequent hydrometric surveys in 2009 through 2016.  In addition to installing, 
downloading, and maintaining water level recording dataloggers (i.e., Unidata WDP 8007 
pressure transducers), PBA collected cross-sectional discharge measurements throughout the 
year.  In both 2010 and 2011, an intensive program of more frequently collected cross-sections 
occurred in order to increase confidence in the rating curves for several of the Kemess Creek 
hydrometric stations (mainly for the higher flow periods).  PBA uses a variety of flow meters that 
enable measurement of cross-sectional discharge during a large range of flows.  For example, 
the Price AA meter, with sounding board and cable reel, can be used from bridge decks to 
measure cross-sectional discharge in very high flows.  A discussion of the various flow 
measurement methods used is included in the report in Appendix B. 
 
In 2016, discharge measurements for the development of stage-discharge rating curves were 
collected by either PBA or Kemess Environment Department personnel at stations where staff 
gauges exist.  Rating curves (Appendix B) incorporate all discharge measurements collected for 
all years, where data are available.  Discharge measurements are collected as per BC Ministry of 
Environment Resources Inventory Committee (RIC, 1998) standards.  For cross-sections, velocity 
was measured using a Swoffer model 2100 flow meter prior to 2009, after which time a Marsh-
McBirney Flo-Mate model 2000 has been employed.  Typically, two measurements of discharge 
are conducted with the average of the two readings being used as the stream discharge.  The 
use of two measurements also allows for confirmation of velocity recordings.  When individual 
velocities at a set section vary by more than 10%, a third velocity reading is collected.  Winter 
discharge measurements are hampered by cross-section access obstacles (i.e., it is difficult to 
remove all the ice and snow to obtain accurate cross-sectional measurements) as well as 
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equipment susceptibility to freezing, and thus discharge data collection is limited to open-water 
periods. 
 
WQ-14F 
 
In Waste Rock Creek, the stream discharge was measured at the culvert inlet on the Cheni Road 
until September 2003 (station WQ-14).  During September 2003, a Montana Flume was installed 
250 m upstream of the culvert to allow for better determination of flows and the station was 
renamed WQ-14F.  The flume functioned well under most conditions until 2008, when prolonged 
extreme cold temperatures caused the outlet and inlet of the flume to dam up with ice (likely due 
to the temperature gradient created between the heated flume housing and the cold air outside).  
The ice dams caused a large percentage of flow (in some cases, all the flow) to divert around the 
flume, and thus it was necessary to measure flows dimensionally (i.e., average wetted depth, 
width, and velocity) or cross-sectionally (if possible) by removing ice and snow from the channel 
from bank to bank.  A culvert steamer was used as available to direct the diverted water back 
through the flume, but the mitigation measures proved very temporary.  This issue was 
investigated in the summer of 2009, and it was deemed necessary to replace the flume structure, 
as it had appeared that flow was moving preferentially through a gravel layer adjacent to the 
concrete structure. 
 
The removal and installation occurred in late October 2009.  The replacement structure 
incorporated longer wingwalls and a deep collar to prevent flow from diverting under or around 
the immediate structure.  However, after a cold period in mid-December 2009, the problem 
recurred.  After some investigation, and although it is difficult to make direct, conclusive 
observations with the snow and ice cover conditions, it appeared that the ice damming created by 
the temperature gradient had actually forced a diversion of water upstream of the flume in a 
relatively low gradient section.  Field observations indicate that flow had found a preferential 
pathway through the cobble layer in the floodplain (i.e., the flow goes subsurface around the 
flume starting about 10 m upstream of the flume inlet).  During periods when it is apparent that 
not all flow is effectively confined within the flume (such as periodically in the winter low flows as 
described above, or during spring freshet when flows are unpredictably diverted by surface ice 
jams), in-channel cross-sectional discharge measurements were conducted upstream of the 
flume location.  In October 2013, a new staff gauge was installed upstream of the flume, where 
flow is currently measured and samples are taken.  Because of the unreliable seasonal flow 
conditions within the flume, it is no longer used to measure flow data. 
 
For 2009 through 2011, the rating curve for WQ-14F was developed using empirical data from 
cross-sectional discharge measurements within the flume structure.  Previously, stage to 
discharge conversions relied upon theoretical calculations based on the dimensions of the flow 
structure.  Because several of the flow measurements were taken upstream of the flume, a 
relationship between flow and the staff gauge could not always be obtained.  Therefore, a 
hydrograph was developed in 2012 (Appendix B) to show flow at WQ-14F since 2010.     
 
 
WQ-BXL and WQ-SRP 
 
V-notch weirs were added to WQ-BXL and WQ-SRP during September 2003.  The weir at WQ-
BXL was found to operate well during the limited period of flows at this site.  The weir at WQ-SRP 
has been prone to leaking, due to the predominantly unconsolidated bank material (i.e., it is 
difficult to obtain a complete seal).  In 2008, maintenance occurred for the WQ-SRP v-notch and 
discharge calibrations were re-established.  Discharge is measured volumetrically (i.e., known 
volume collected over a measured time period) for the v-notch weir locations (WQ-BXL and WQ-
SRP).  The weirs at both locations functioned well in 2016. 
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4.3 Automated Flow Measurement Stations 
 
Automated flow monitoring stations have been re-established and maintained at the Kemess 
Mine site since the 2000 operating season.  Efforts are made to operate the stations from May to 
October.  In 2008, Unidata WDP 8007 pressure transducers with internal dataloggers and power 
sources were installed at WQ-01, WQ-03, WQ-04, WQ-05, and WQ-13.  PBA was contracted to 
install and maintain the water level recording dataloggers (i.e., Unidata WDP 8007 pressure 
transducers), with deployment in spring and removal in the fall.  Hydrographs for WQ-01, WQ-03, 
WQ-04, WQ-05, and WQ-13 are included in Appendix B (as Beaudry, 2016), where discharge 
was calculated using the rating curves based on data collected from 2008 to 2016.  In addition to 
the discharge data, Beaudry (2016) includes water temperature data collected via the pressure 
transducers as well as precipitation and snowpack data recorded at local meteorological stations. 
 
A submersible ultrasonic level-velocity sensor was installed inside the discharge pipe at WQ-TSP 
in 2013.  The same type of unit was installed in the culvert outlet at WQ-WCSP.  Each unit 
records flow rates at regular time intervals of 10 minutes.  When flow rates are reported for these 
stations, an average flow rate for the referenced day is used. 
 

4.4  Hydrology Summary 

 
The monthly summaries of streamflow data for 2008 to 2016 are reported in Appendix B.  
Discharge flow results for 2016 are also summarized in Appendix B, which includes the site’s 
sewage treatment plant (STP) daily discharge rates for 2016.  All flow regimes were within the 
authorized limits in 2016 with the exception of the STP discharge.  The treated effluent from the 
STP discharges to the Mill Sedimentation Pond.  The Mill Sedimentation Pond water elevations 
are managed by pumping excess water to the KS Pit.  The maximum allowable daily sewage 
discharge rate of 45m3 per day, was exceeded on two occasions in 2016, with flow rates ranging 
from 45.2 m3 to 58.78 m3 per day.  The exceedances are the result of a time lag between the 
break, leak, or running of a component in the supply line and the subsequent repair of the 
component.  The effluent volumes exceeding the authorized daily discharge limit consist of fresh 
water from the supply system and not an influx of grey or black water.   
 
The daily monitoring and recording of the treated sewage discharge rates allows for early 
detection of a problem in the system that requires attention and/or repair.  The daily discharge 
rates are entered into a spreadsheet that tracks discharge rates.  Updated in July 2015, after 
numerous exceedances, the tracking system now warns the person entering the data if there is a 
potential problem in the system.  When daily discharge rates approach 45m3, it triggers a site 
search for the source of the additional flows, which usually consists of a running faucet or toilet.  
With this tracking system in place, additional flows are detected early, allowing staff to search for 
and if necessary, repair problems within the site’s plumbing system.  Since the implementation of 
the new tracking system, there has been a reduction in the frequency of exceedances of the 
authorized daily STP discharge rate. 
 
It is important to note that there are times throughout the year when unused water lines require a 
general flush which involves using a steady supply of water for a prolonged period of time, 
potentially resulting in an exceedance in the sewage treatment plant daily discharge rates.  Any 
line flushing is planned to occur over several days, which should reduce the likelihood of an 
exceedance.  When additional residents arrive to site, they are made aware of the site’s water 
consumption limits and are strongly encouraged to reduce their water consumption and to report 
leaks immediately.    
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5.0 WATER QUALITY 
 
This section presents the results of the year 2016 water quality monitoring program.  Where 
sample concentrations were determined to be below the detection limit, the values were entered 
as being equal to the detection limit.  Results of the 2016 daily turbidity, weekly turbidity and 
conductivity monitoring, and other analytical results are presented in Appendix C.  The data are 
tabulated with summary statistics, and values exceeding the approved/working water quality 
guideline (WQG) for a parameter are shown in bold text.  Metals with concentrations consistently 
below detection limits (e.g., beryllium, boron, cobalt, lithium, nickel, and vanadium) are also 
included there.  Appendix C also includes the results of the weekly field parameters collected as 
well as the lab analyses results for turbidity and total suspended solids (TSS) at select sites.  
 
The monthly time series for general parameters and metals, incorporating data for all years 
monitored, compared against relevant WQG, are plotted in Appendix D.   
 

5.1 General Parameters 
Time series of general parameters since the construction phase are found in Appendix D.  The 
2016 results are tabulated in Appendix C with general parameter concentrations exceeding the 
water quality guideline shown in bold text.  The water samples with in situ turbidities exceeding 
permit-specified threshold values are listed in Table 5.1.  General parameter concentrations that 
exceeded the water quality guidelines during the year 2016 are listed in Table 5.2. 
 
5.1.1 Turbidity 
 
In 2004, the permit conditions were changed to allow for event-based sampling.  A daily 
monitoring program was established so that sampling at the increased (daily) frequency is 
triggered when turbidity exceeds site-specific values.  Table 5.1 is a summary of occurrences 
where turbidity exceeded the permit’s site-specific turbidity thresholds in 2016.  
 
There were several measured exceedances in permit-specified field turbidity thresholds in 2016.  
In general, field turbidity readings have been well within the WQG for most stations on the mine 
site since mine Closure.  Most instances of elevated turbidity are seasonal or related to 
precipitation events, and typically of short duration.  The results of the 2016 daily and weekly field 
turbidities are included in Appendix C. 
 
Overall, the mine site receiving environment continues to exhibit good water clarity, which is 
attributed to progressive erosion and sediment control improvements in addition to immediate 
investigation of potential sediment sources when elevated turbidity is measured.  Turbidity 
exceedances are generally short-lived and directly related to seasonal conditions and 
precipitation events.  Further discussion of individual sites is presented below. 
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Table 5.1: Sampling Periods with Exceedance of Site-Specific Turbidity Thresholds. 

Station Threshold Date(s) Exceeded 

WQ-TSF Spill 20 NTU WQ-TSF Spill did not flow in 2016 

WQ-TSP 20 NTU No recorded turbidity values above 20 NTU 

WQ-SRP 20 NTU No recorded turbidity values above 20 NTU 

WQ-23a 20 NTU No recorded turbidity values above 20 NTU 

WQ-BXL 50 NTU No recorded turbidity values above 50 NTU 

WQ-SCSP 50 NTU No recorded turbidity values above 50 NTU 

WQ-WCSP 50 NTU No recorded turbidity values above 50 NTU 

WQ-SDDI 10 NTU No recorded turbidity values above 10 NTU 

WQ-24 10 NTU Exceedance on Sept. 26 

WQ-25 10 NTU No recorded turbidity values above 10 NTU 

WQ-04 10 NTU Exceedance on July 5, 25, Aug. 9, 16, 23 

WQ-03 10 NTU Exceedance on June 21, July 5, 19, Aug. 1, 16, 28 

WQ-EC 10 NTU No recorded turbidity values above 10 NTU 

WQ-01 10 NTU Exceedance on June 7, 20, July 5, 25, Aug. 1, 8, 16, 23 

WQ-13 10 NTU Exceedance on March 21 

WQ-17 10 NTU No recorded turbidity values above 10 NTU 

WQ-RCb 10 NTU No recorded turbidity values above 10 NTU 

WQ-14F 20 NTU No recorded turbidity values above 20 NTU 

WQ-18 10 NTU No recorded turbidity values above 10 NTU 

Note that control sites are italicized. 
 
 
BXL Creek - WQ-BXL 
 
Flow through WQ-BXL occurred intermittently from April to November, with very light flows in July 
and August 2016.  This is an intermittent site that generally starts flowing in May and usually ends 
in August, although there have been years with flow into November.  It should be noted that the 
flow through the BXL pond system is regulated by use of active pumping systems to maintain 
acceptable discharge water clarity.  All samples are collected during this period of flow.  There 
were no samples above the 50 NTU criteria for this site in 2016.   
 
Waste Rock Creek - WQ-14F 
 
There are three main sources of water to Waste Rock Creek: (1) the Pit highwall diversion ditch 
(via the sump and pipe) and associated road surfaces, where the ditch consists of highly 
exposed, fine-grained material with long, steep slopes, and the road surfaces are large, compact 
sources of finely ground material, (2) seepage water from the toe of the Waste Rock Dump 
(WRD), which is characterized by very low turbidity, and (3) the separate wetland complexes that 
enter the system downstream of the Southern Collection ditch and ponds.  Note that (1) and (2) 
both enter the Southern Collection ditch/settling pond system, while (3) joins further downstream.  
As both the WRD seepage and wetlands are low turbidity, the main sediment source to Waste 
Rock Creek is the Pit highwall ditch, and associated road surfaces.  Snow melt on, and/or 
adjacent to, the WRD and Pit occurs earlier than other local watersheds due to the disturbance 
from mine operations and reclamation works, lower elevation, and exposed (not vegetated) 
surfaces. 
 
The use of flocculents and the settling pond upstream of the WQ-14F monitoring location assist in 
sediment retention, which reduces the turbidity measured at WQ-14F to some extent.  In 2008, 
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the settling pond was equipped with three new floating sediment curtains to promote sediment 
retention in the pond.  The use of flocculents at the Kemess Mine was authorized in 2005 by 
MOE and PE-15335 requires a Flocculent Management Plan (FMP), which was submitted to 
MOE in July 2008 and updated in March 2014 (Appendix G).  The flocculents used are Magnafloc 
156 (anionic) and Magnafloc 368 (cationic), which are manufactured by Ciba.  Kemess targets a 
3:1 anionic:cationic mixture, with an average dosage of 1.5 ppm, to ensure adequate binding 
while minimizing potential aquatic toxicity risks.  Flocculent was not dispensed in 2016.   
 
Southern and Western Collection Systems - WQ-SCSP, WQ-WCSP 
 
No turbidity exceedances of in situ turbidity thresholds were measured at WQ-SCSP or WQ-
WCSP in 2016. 
 
Tailings Storage Facility - WQ-TSF Spill, WQ-TSP 
 
WQ – TSF Spill did not flow in 2016.  It is anticipated to flow during spring 2017; however, 
turbidity levels are not expected to be a concern.  Turbidity thresholds at WQ-TSP were not 
exceeded in 2016.   
 
WQ-SDDI, WQ-23, WQ-24, WQ-25 
 
No turbidity exceedances of in situ turbidity thresholds were measured at WQ-23a, 25 or SDDI in 
2016.  Turbidity threshold at WQ-24 was exceeded in September 2016. It is suspected that this 
measurement was a result of sampler error.   
  
 
Kemess Creek - WQ-04, WQ-03, WQ-01 
 
There were several occurrences of turbidity exceedances at WQ-04, WQ-03, and WQ-01 in 2016. 
The exceedances occurred throughout July and August 2016.   
 
Attichika Creek - WQ-13, WQ-17, WQ-18 
 
WQ-13, WQ-17, and WQ-18 monitoring stations are all located, from upstream to downstream, in 
Attichika Creek. The field turbidity threshold of 10NTU was exceeded at WQ-13 in March 2016.  
This event was short-lived and directly related to seasonal conditions and precipitation events.   
 
5.1.2 Conductivity 
 
The plots of conductivity monthly means (Appendix D) are based on weekly field readings.  
Typically, the monthly mean is derived from one to four weekly readings (see Appendix C for 
tabulated data) depending on permitted site requirements. 
 
The concentration of dissolved metals, as indicated by conductivity, has a well-developed 
seasonal pattern.  The lowest conductivity is measured during spring freshet in the Attichika and 
Kemess Creek watersheds (generally June).  A gradual increase generally occurs for the 
remainder of the year, except during significant rainstorm events.  In general, in situ conductivity 
was similar to previous years up to September 2013.  When the discharge of water from the 
Tailings Dam Sediment Pond (WQ-TSP) into South Kemess Creek commenced in September 
2013, significant changes in conductivity were observed in downstream monitoring sites in 
Kemess Creek as well as in Attichika Creek (ie – WQ-25, WQ-03, WQ-01, WQ-17, WQ-18).  Key 
trends are described below. 
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WQ-14F 
 
WQ-14F exhibits elevated conductivity levels, with an increasing trend for most months, due to 
the water flow from the Waste Rock Dump (WRD).  Elevated conductivity and concentrations of 
some other parameters were expected, based on predictive modeling of contributions for the 
various types of non-acid generating (NAG) waste rock placed in the WRD.  Water quality data 
(e.g., conductivity) collected at WQ-14F have confirmed the expected trends.  Seasonally, the 
signal is much lower during freshet and summer flow conditions due to the introduction of 
freshwater from snow melt and precipitation.  The decrease in conductivity for late 2008 and 2009 
is related to the collection and diversion of the WRD seepage source (MEM seepage monitoring 
location WR-S3) to the Tailings Storage Facility (TSF), which was initiated in late September 
2008.  WRD seepage water collected in the Selenium pond is currently pumped directly to the 
expended West Pit.  This water no longer reports to Waste Rock Creek (WQ-14F), although there 
is a bypass of the collection system that continues to report to Waste Rock Creek.  It is estimated 
that approximately 65 to 70% of the selenium loading emanating from the WRD is being collected 
on an annual basis.  Construction of an engineered cover for the Leach Cap Waste Dump (the 
primary source of selenium to WRC) began in September 2010, and was completed in August 
2011.  It should be noted that conductivity levels in 2011 to 2014 indicate a post-pumping 
increasing trend, and conductivity measured in 2014 exceeded all other years from January to 
May.  This is potentially explained by a delay between deposition of waste rock and mobilization 
of leachable elements.  Waste rock deposition external to the Pit ceased in 2010.  It is expected 
that concentrations in many leachable elements will decrease over time, although after some 
undetermined delay. 
 
WQ-BXL 
 
WQ-BXL indicates an increasing trend for conductivity over the flow period after freshet.  This can 
most likely be attributed to corresponding increases in calcium and chloride levels during the 
same period.  It is possible that the increases were related to operational runoff of residual de-
icing agents from areas proximal to the sampling site such as the haul road, reduction station, 
and the explosive plant.  Alternatively, or additionally, it is possible that dissolved metal 
concentrations increase as residence time increases in the BXL Ponds in response to decreased 
clean water sources (i.e., less dilution from snow melt).  After freshet, source water to the BXL 
Ponds is limited to surface runoff during storm events and headwater springs. 
 
 
WQ-SRP 
 
WQ-SRP exhibits a similar trend to WQ-BXL, which is increasing conductivity for all months over 
time, especially the pre-freshet months.  It is also possible these increases are related to 
operational runoff of residual de-icing agents being introduced into the reclaim/process water 
system, which would accumulate these elements over time as more salt contaminated water is 
collected and recycled.  A review of the MSDS sheet for the de-icing agent (Sifto Professional Ice 
Melter) shows it to contain 40-70% NaCl, 3-7% KCl, and 15-40% CaCl, which would result in 
higher levels of dissolved elements and thus conductivity.  Another possibility is that increasing 
conductivity is related to the similar trend exhibited by sulphate at WQ-SRP.  As of March 2011, 
no further tailings or operations-related runoff water are being discharged into the TSF.  This, 
combined with dilution from freshwater sources, should result in decreased concentrations of 
dissolved metals in the groundwater in time.  Preliminary interpretation of WQ-TSFP (tailings 
pond supernatant) conductivity data suggests that surface water quality may already be 
improving.   
 
WQ-25, WQ-03, WQ-01 
 
Since the commencement of the Tailings Dam Sediment Pond discharge (WQ-TSP) in 
September 2013, there is an increase in conductivity levels at downstream monitoring sites in 
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Kemess Creek, WQ-25, WQ-03, and WQ-01.  Elevated conductivity and concentrations of some 
other parameters were expected, based on predictive modeling of contributions from WQ-TSP. 
 
WQ-17, WQ-18 
 
Since the commencement of the Tailings Dam Sediment Pond discharge (WQ-TSP) in 
September 2013, there is an increase in conductivity levels at downstream monitoring sites in 
Attichika Creek, WQ-17 and WQ-18.  Elevated conductivity and concentrations of some other 
parameters were expected, based on predictive modeling of contributions from WQ-TSP. 
 
 
Table 5.2: 2016 Water Samples with General Parameter Concentrations Exceeding Water 

Quality Guidelines or Objectives. 

Month 
General Parameter(s) Exceeding 

Month 
General Parameter(s) Exceeding 

Water Quality Objectives Water Quality Objectives 

January 
Nitrate  WQ-14F, ATWL-1a, WR-

S4, WQ-WCSP July 

Nitrate 
 
 
Nitrite 

WR-S4, WQ-WCSP 
 
WQ-WCSP 

Nitrite WQ-WCSP   

February Nitrate  
WQ-14F, ATWL-1a, 
ATWL-1, WR-S4, WQ-
WCSP August Nitrate ATWL-1a, WR-S4, 

WQ-WCSP 

    

March 
Nitrate WQ-14F, WR-S4,  WQ-

WCSP September 
Nitrate WQ-14F, WR-S4, 

WQ-WCSP 

  
 Nitrite ATWL-1 

April Nitrate 
WQ-14F, ATWL-1a, 
ATWL-1, WR-S4,  WQ-
WCSP 

October 
Nitrate WQ-14F, WR-S4, 

WQ-WCSP  

Nitrite WQ-WCSP 

May Nitrate WQ-14F, ATWL-1a, WR-
S4, WQ-WCSP November 

Nitrate  WQ-14F, WR-S4, 
WQ-WCSP 

  

June 

Nitrate WR-S4, WQ-WCSP 

December 

Nitrate  WQ-14F, WR-S4, 
WQ-WCSP  

    

Sites in bold represent Compliance Sites 
* Note that the exceedances for Nitrate reported here are in comparison to the 2009 updated 
water quality threshold, which is significantly lower than the WQG established in previous 
versions of MOE permit PE-15335 while Kemess Mine was operating. 
 
 
5.1.3 Total Suspended Solids 
 
Researchers have shown that the concentration of Total Suspended Solids (TSS) varies spatially 
between drainages, and temporally depending on timing of sediment recharge, precipitation 
events and other factors (e.g., Toews and Gluns, 2003).  The comparison of TSS to turbidity can 
provide valuable site-specific information on the sediment loading of streams; however caution 
must be used in the interpretation of these data, as the association between the variables is 
complex (Marquis, 2005).  TSS data are collected on a weekly basis, year round at WQ-14F, and 
weekly (May 1 – Sept. 30) at WQ-WCSP, WQ-SCSP, WQ-TSP, and WQ-25.    Other sites are 
sampled either monthly (e.g., WQ-17 and 18) or quarterly (e.g., WQ-13) as per PE-15335 
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requirements.  Plotted and tabulated values are reported in Appendices C and D for the weekly 
and monthly analyses. 
 
TSS concentrations measured in 2016 were comparable to previous data for most sites (see 
Appendix D).  Elevated TSS concentrations are observed during the May/June sampling periods 
for both Attichika and Kemess Creek sites compared to the rest of the year.  The sampling during 
these months generally coincides with the rising limb and peak of freshet for most sites, although 
the exact timing varies from year to year.   
 
 
At WQ-14F, peak freshet tends to occur about a month earlier (i.e., generally late April) than the 
significantly larger Kemess Creek watershed.  TSS concentrations at WQ-14F exhibit a similar 
trend to other monitored locations on site, where more sediment is suspended due to the higher 
freshet flows than occurs during low flow.  However, since 2010, TSS concentrations were also 
elevated compared to previous years in late summer/fall.  This is related to the existence of a new 
sediment source, the Leach Cap Waste Dump cover.  Construction began on the LCWD cover in 
late summer 2010 and was completed in 2011.  Kemess Mine experiences late summer/early fall 
storm events typically, which could mobilize sediment if sources are available.  Construction 
activities provided a source of sediment that was mobilized into the Southern Collection system, 
which reports to WQ-14F.  Of note is that, although TSS was elevated compared to other years 
with similar flow conditions, the concentrations remained below maximum authorized thresholds.  
It is expected that TSS concentrations will stabilize in future years as the cover revegetates.  
 
In accordance with section 1.7 of permit PE15335, the threshold of 30 mg/L was not exceeded 
once at any of the permit-specified discharge sites in 2016. 
 
5.1.4 pH 
 
The pH values reported in Appendix D for the 2016 season include those measured by the 
external analytical laboratory as well as field pH values.  The results of field pH sampling have 
been found to be consistent with laboratory measured values in the past.  In September 2013, 
field pH measurements became part of regular field monitoring, in accordance with revised permit 
PE-15335.  The laboratory pH data collected at all sites during 2016 are within the water quality 
guidelines for all sampling locations, with relatively consistent measurements over time at most 
locations.   
 
In accordance with section 1.7 of permit PE15335, pH levels recorded in 2016 were within the 
permitted range (6.5-9.5) at all authorized discharge locations. 
 
5.1.5 Hardness 
 
Hardness values are collected to allow for the determination of the WQG for a number of metals, 
such as lead, cadmium, and zinc.  When using hardness values to determine WQG for certain 
metals, the appropriate hardness value to apply is not one of “induced hardness”, i.e., hardness 
associated with the source of contamination.  Generally, the mean annual hardness level from the 
corresponding background site is used to determine the guideline for the discharge point.  For 
example, for any compliance-related calculations for WQ-14F, the hardness value from the 
location WQ-RCb is used which is located upstream from the mine’s waste rock dump.  
 
Water hardness values at all of the background sampling sites were comparable to previous 
years generally staying within the range of 30-60 mg/L CaCO3.  Since the discharge from the 
Tailings Sediment Pond began in September 2013, there is noticeable influence on the hardness 
levels at downstream locations WQ-25, WQ-03, WQ-01, WQ-17, and WQ-18. Other sites 
generally experience a slight seasonal trend of lower hardness during freshet for most locations, 
with the exceptions of WQ-SRP, WQ-BXL, and WQ-14F. 
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Hardness values at all sites downstream of the discharge from the Tailings Sediment Pond, 
including sites WQ-25, WQ-03, WQ-01, WQ-17, and WQ-18, exhibit an increase since the 
commencement of the discharge in September 2013.  Elevated hardness was expected 
downstream of the discharge, based on predictive modeling of contributions from the Tailings 
Sediment Pond.  Continued monitoring of these sites will provide an indication of new seasonal 
trends since the commencement of the discharge. 
 
WQ-SRP data indicate a general increasing trend from January to June, with lower values during 
freshet and increasing values as the year progresses.  WQ-TSP, WQ-SRP, WQ-25, WQ-Pit, WR-
S4 and WQ-WCSP stations exhibit higher hardness levels than all other stations.   
 
Hardness data at WQ-14F exhibit an increasing trend over time for most months due to the water 
seepage from the WRD.  Elevated hardness was expected, based on predictive modeling of 
contributions for the various types of non-acid generating (NAG) waste rock placed in the WRD.  
Water quality data collected at WQ-14F have confirmed the expected trends.  Pumping of WRD 
seepage water out of the Waste Rock Creek system (start September/October 2008) resulted in a 
decrease in hardness for the period of November 2008 to November 2009 compared to previous 
years.  However, overall, the hardness levels measured continue to exhibit an increasing trend.  
This is potentially explained by the combination of: 
 

• Persistent contribution from all rock types stored in the larger Waste Rock Dump (i.e., 
through uncollected surface seepage and groundwater connection), and 

• A delay between deposition of waste rock and mobilization of leachable elements.  
Waste rock deposition external to the Pit ceased in 2010. 

 
It is likely that increasing levels of certain parameters is a function of persistent sources in the 
larger Waste Rock Dump (i.e., not limited to the Leach Cap Waste material).  Continued 
increases will likely occur until source contributions of leachable elements are gradually depleted, 
at which time, concentrations of mobilized parameters will decline.  The timeframe for this delay is 
undetermined. 
 
Seasonally, the signal is much lower during freshet and summer flow conditions, likely due to the 
introduction of fresh water from snow melt and precipitation.  It should be noted that the 
proportion of water emitted from the waste rock area is greatly increased relative to other sources 
during the winter period (i.e., the seepage water is perennial, while other sources, such as the Pit 
highwall ditch, are intermittent), which explains the seasonal signal of hardness at WQ-14F (i.e., 
high concentrations in winter months).   
 
5.1.6 Alkalinity 
 
Samples for alkalinity determinations have been collected since 2001 at select stations and at all 
stations since 2004.  Alkalinity concentrations are highest at WQ-14F, WQ-TSP, WQ-SRP and 
WQ-SRPW.  Overall, data are similar over all years.  A seasonal trend of lower alkalinity in the 
summer compared to the winter months exists for most locations, which is consistent with dilution 
levels from seasonal trends in runoff.  Concentrations at WQ-14F follow a seasonal trend of 
higher alkalinity during lower flow periods.  A gradual trend of decreasing alkalinity over time is 
observed until collection and pumping of seepage water began in late 2008.  This may reflect 
proportional changes in source water reporting to WQ-14F.   
 
Alkalinity concentrations at WQ-25, WQ-03, WQ-01, WQ-17, and WQ-18 exhibit an increase after 
the commencement of the discharge of the Tailings Sediment Pond in September 2013.  
Elevated levels of some parameters such as alkalinity were expected downstream of the 
discharge, based on predictive modeling of contributions from the Tailings Sediment Pond.  
Water data collected confirm that WQ-25, WQ-03, and WQ-01, now exhibit increased alkalinity 
concentrations, while WQ-17 and WQ-18 indicate slight increases. Continued monitoring of these 
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sites will provide an indication of seasonal trends while discharging from the Tailings Sediment 
Pond. 
 
5.1.7 Sulphate 
 
New Ambient Water Quality Guidelines for Sulphate were issued by MoE in April 2013 which 
factor in hardness and are based on a 30-day average.  Under the new WQG, the 30-day 
average value at almost all monitoring sites should be less than 218 mg/L, considering the 
“moderately soft” water at the background locations.  All monitoring stations sampled in 2016 
have sulphate values below the guideline, with the exception of WQ-Pit, which requires a site 
specific guideline to be determined.   
 
Sulphate analyses have been conducted since 2001 at select stations, and at all stations since 
2004.  Sulphate data for WQ-14F exhibit an increasing trend over time, but remain below the 
hardness-based guideline of 218 mg/L.  This trend is associated with the placement of waste rock 
in the watershed.  In September 2008, collection and diversion of the WRD seepage source 
(MEM seepage monitoring location WR-S3) as a short-term strategy to manage the elevated 
selenium levels in Waste Rock Creek began, after which time sulphate levels decreased to levels 
below the maximum WQG. 
 
Sulphate concentrations at WQ-14F in 2010 remained below 2008 levels until November and 
December.  This persistent increase is likely a result of processes similar to those discussed 
above with hardness.  It is likely that increasing levels of certain parameters (e.g., hardness, 
sulphate, nitrate, and some metals) is a function of persistent sources in the larger Waste Rock 
Dump (i.e., not limited to the Leach Cap Waste material).  Continued increases will occur until 
source contributions of leachable elements are gradually depleted, at which time, concentrations 
of mobilized parameters will decline.  The timeframe for this delay is undetermined.  Of note is 
that management activities, both completed (LCWD cover) and ongoing (pumping to the Pit), 
should result in a decrease in sulphate from this material type.  Monitoring will continue to confirm 
the effectiveness of management strategies. 
 
WQ-SRP sulphate data indicate an increasing trend over time.  Overall, sulphate concentrations 
in June and July are less than other months, due to freshet contributions.  The annual trends for 
most sites indicate lower sulphate concentrations measured during higher flows (i.e., high 
dilution).   
 
Water sampled from WQ-25, followed a relatively stable trend until the commencement of the 
discharge from the Tailings Sediment Pond in September 2013, when sulphate concentrations at 
WQ-25 increased significantly.  Since the commencement of the discharge from the Tailings 
Sediment Pond in September 2013, sulphate concentrations have increased at all monitoring 
sites downstream from it, including sites WQ-25, WQ-03, WQ-01, WQ-17 and WQ-18.  Elevated 
sulphate levels were expected downstream of the discharge, based on predictive modeling of 
contributions from the Tailings Sediment Pond.  So far, the levels observed remain below the 
WQG. 
 
5.1.8 Nutrients 
 
Water samples collected are analyzed for nutrients, including dissolved chloride, ammonia 
nitrogen, nitrate nitrogen, nitrite nitrogen, and phosphorus (as total dissolved and dissolved ortho-
phosphate).  The following is a discussion of the results. 
 
Dissolved Chloride 
 
Dissolved chloride concentrations in all surface water sampling locations were below the BC 
WQG during all sampling events in 2016.  WQ-14F exhibits an decreasing trend in dissolved 
chloride since 2012, and concentrations continue to remain well below both 30 day and maximum 
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guidelines (150 and 600 mg/L, respectively).  Concentrations measured after initiation of waste 
rock seepage collection and pumping (as per Se Management Plan) did not decrease compared 
to 2008, which may indicate that the chloride source to WQ-14F is not related to Leach Cap 
Waste rock.  However, the trend of higher concentrations during periods of lowest freshwater 
dilution indicates that the chloride signal is linked to the waste rock dump similarly as is hardness, 
sulphate, and several other parameters.  The spike that occurred in August 2012 could have 
been a result of sampling or analytical error.  Concentrations in 2016 were similar to those of 
previous years. 
 
The highest dissolved chloride concentrations over all sampling locations were recorded at WQ-
SRP, with a maximum concentration of 28.9 mg/L measured during April of 2006.  Measured 
dissolved chloride levels at WQ-SRP have generally increased over time, although same-month 
comparisons for recent years (2006 to present) indicate concentrations have stabilized and 
remain well below the BC WQG.  A similar trend with chloride concentrations at sites downstream 
of WQ-SRP was observed up to September 2013, indicating influence from the WQ-SRP 
discharge.  This effect is now compounded by the addition of the discharge from the Tailings 
Sediment Pond which commenced in September 2013, which has resulted in a spike in chloride 
concentrations downstream of the discharge.  The spike in dissolved chloride concentrations at 
WQ-25 can be attributed to the proportionally large addition of discharge water from the Tailings 
Sediment Pond (WQ-TSP), with relatively less dilution from Mill Creek (WQ-24) and Water 
Diversion System (WQ-23) freshwater sources.  A similar downstream trend occurs at sites WQ-
03 and WQ-01 as well as slight increases at sites WQ-17 and WQ-18.    Note that data for WQ-24 
exhibit higher chloride concentrations during lower flow months, which indicates a groundwater 
source. 
 
Dissolved chloride concentrations at WQ-BXL have been relatively stable over the flow period 
and significantly lower than previous years. 
 
One source of chloride at these sites (including sites WQ-SRP and WQ-TSP) may be the 
recycling of site water containing de-icing compound.  A review of dissolved calcium and sodium 
concentrations over time supports this as a source of chloride.  A review of the MSDS sheet for 
the de-icing agent (Sifto Professional Ice Melter) shows it to contain 40-70% NaCl, 3-7% KCl, and 
15-40% CaCl, which, once dissolved in runoff, would result in higher levels of dissolved elements 
such as chloride.  Another may be waste rock, similar to the case of WQ-14F, which is used for 
road building and maintenance.  Runoff from roads enters many settling and collection ponds on 
site (including the BXL and SRP ponds), and, although suspended sediment is minimized prior to 
discharge, dissolved parameters, such as chloride, may be retained in the discharged water.  As 
Kemess Mine transitions into the post-closure phase, limited road maintenance will occur, and 
freshwater will become the primary sources to any ponds on-site, which should result in 
decreased chloride concentrations at these locations over time, which is what appears to be 
happening at WQ-BXL since 2012. 
 
Ammonia Nitrogen (NH3) 
 
The WQG of ammonia nitrate for the protection of aquatic life decreases with an increase of pH 
and an increase of water temperature.  Using a conservative reference pH of 8.1 and a water 
temperature of 5oC, the 30-day average concentration criterion for ammonia nitrogen would be 
0.942 mg/L and the maximum concentration for the same conditions would be 4.9 mg/L.  During 
2016, there were no exceedances of the approved 30-day average ammonia nitrogen 
concentration, calculated individually for each result (i.e., the guideline differs between and 
among monitoring locations and sampling periods due to differences in water temperature and 
pH). 
 
Concentrations of ammonia nitrogen were noted to be atypically variable at most locations over 
time in 2010 and 2011.  The discrepancy in concentrations compared to previous years prompted 
Northgate/AuRico to request that Maxxam Analytics conduct a formal investigation into the issue.  
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The findings were that, when Maxxam acquired the Cantest laboratory in Burnaby in April 2010, 
the Cantest method for ammonia detection was chosen as the standard test method.  Initial 
testing had indicated that the method was appropriately robust, but further investigation initiated 
by Maxxam in December 2010 indicated that the initial method validation process did not capture 
the variation that they have observed in the second half of 2010.  The quality issue with ammonia 
results evidently persisted from May through to December 2010, inclusively.  The cause of the 
variation was related to concentrations of preservative, used to increase hold times, added to 
samples at the time they were received in the lab.  A letter explaining the false biases dated April 
21, 2011 is included in Appendix A of previous annual reports. 
 
In February 2011, Maxxam returned to using the previous method for ammonia detection, after a 
full method validation process was completed.  This issue was monitored in 2011 and continued 
to persist despite the methodological changes.  At the time, it was considered unlikely that 
ammonia results reflected actual stream conditions, and comparison of current data with data 
obtained in previous years was confounded by the apparent analytical bias present at the time.   
 
Ammonia results for 2016 are included in this report. A new methodology investigation was 
initiated by Maxxam on September 27 2012 that used three bottle treatments, three sample 
treatments and two water sources over time to evaluate their contribution to sample ammonia 
concentrations.  The most recent summary of the investigation, included in a Maxxam letter dated 
March 06, 2013, indicates that, except for an outlier, all treatments met the acceptance criterion 
of within two times the “Reporting Detection Limit” for ammonia. Therefore, it was considered that 
there is insignificant contribution to ammonia concentrations in preserved or unpreserved water 
samples stored in HDPE or amber glass bottles analyzed within 15 days.  
 
Nitrate Nitrogen (NO3) 
 
The BC WQG (30-day avg) for nitrate was exceeded at 5 monitoring stations in 2016, including 
compliance site WQ-14F.  Nitrate values that exceeded the guidelines in 2016 occurred primarily 
at sites WQ-14F, WQ-WCSP and WR-S4, with the highest reported value of 46.2 mg/L at site 
WQ-WCSP in February.  Elevated nitrate levels were also recorded in the wetlands below Waste 
Rock Creek at sites ATWL-1 and ATWL-1a during several months in 2016.    In all, the 30-day 
average guideline level of 3 mg/L was exceeded at compliance site WQ-14F in every month 
sampled in 2016, with the exceptions of June, July and August, with values ranging from 1.6 to 
12.2 mg/L.  There were no exceedances of the maximum nitrate guideline of 32.8 mg/L at any of 
the compliance sites in 2016. 
 
Nitrate concentrations at WQ-14F (previously WQ-14) had been increasing over all years 
sampled, up to 2012, when levels peaked.  Since 2012, the nitrate concentrations at WQ-14F 
appear to be on a downward trend.  The elevated nitrate levels are suspected to be emanating 
from blasting residues in the WRD.  It is anticipated that since blasting activities are finished at 
the mine site, nitrate levels should steadily decrease over time as clean water infiltrates and 
flushes through the waste rock dumps.   
 
The data available indicate that the increasing concentrations are associated with seepage water 
emanating from the waste rock material stored in the watershed.  Nitrate concentrations 
measured since initiation of the waste rock seepage pumping are reduced compared to previous 
years; however, the spike in levels measured in 2012 were elevated compared to years previous 
to pumping initiation.  It is likely that increasing levels of certain parameters (e.g., hardness, 
sulphate, nitrate, and some metals) is a function of persistent sources in the larger Waste Rock 
Dump (i.e., not limited to the Leach Cap Waste material).  Continued signatures will occur until 
source contributions of leachable elements are gradually depleted, at which time, concentrations 
of mobilized parameters will decline.  The timeframe for this delay is undetermined.  Of note is 
that management activities, both completed (LCWD cover) and ongoing (pumping to the Pit), 
should result in a decrease in nitrate from this material type.  Monitoring will continue to confirm 
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the effectiveness of management strategies.  A nitrate management plan will be developed in 
2017 as part of the Kemess Underground permit application. 
 
The far-field Attichika Creek monitoring station downstream of Waste Rock Creek, WQ-18, does 
also reflect the trend at WQ-14F; however, the signal is significantly diluted at WQ-18 (i.e., the 
highest nitrate concentration at WQ-18 in 2016 was 0.158 mg/L (April), whereas the 
concentration for the corresponding sampling period at WQ-14F was 3.0 mg/L).  Although the 
highest nitrate concentrations at WQ-14F occur in the low flow period between December and 
March, the highest values at WQ-18 generally occur in April/May.  This is a result of the 
proportional shift in flows, and thus difference in dilution ratios, between these two systems (e.g., 
highest flows at WQ-14F occur in April/May, while these months are pre-freshet at WQ-18).  It 
should be noted that the trend in nitrate at WQ-18 is related to inputs from both WQ-14F and WQ-
17, as WQ-17, upstream of the Attichika Creek confluence with Waste Rock Creek, does exhibit 
higher nitrate concentrations prior to freshet (related to the signal measured at WQ-01, as 
discussed in the next paragraph).  However, the influence from Waste Rock Creek (WQ-14F) 
inputs is apparent at WQ-18, as the absolute values measured at WQ-18 are elevated compared 
to WQ-17. 
 
Kemess Creek (e.g., WQ-01) and Attichika Creek immediately downstream of the Kemess 
confluence (e.g., WQ-17) exhibit decreasing trends in nitrate.  The highest values at these sites 
occur during the lead up period to spring freshet, when much of the material stored over winter 
(organic and inorganic) is flushed through the system.  Comparison between WQ-01 and WQ-03 
shows that higher nitrate concentrations occur downstream in Kemess Creek, which is likely a 
result of seepage contributions from below the temporary Ex-Pit PAG dump (via a small stream 
west and adjacent to camp called Camp Creek).  The source of flow in this Camp Creek channel 
is sampling location EX-PIT-S1, a seep that contains high nitrate and other parameters, but 
generally carries little flow (except during freshet and storm events).  These values were highest 
prior to freshet when Kemess Creek flows were at their lowest.  As of April 2011, all of the PAG 
material was deposited in the expended West Pit for permanent subaqueous disposal.  The 
removal of this nitrate source has resulted in lower concentrations measured at WQ-01 and WQ-
17 and this trend is expected to continue.  The nitrate concentrations at these sites remain well 
below the WQG.  Monitoring results will continue to be used to confirm the effectiveness of PAG 
stockpile removal management strategy. 
 
Nitrate levels measured at WQ-25 have been variable over time.  Increased nitrate levels have 
been observed at WQ-25 since the commencement of discharge from the Tailings Sediment 
Pond in September 2013, with signatures also observed in the winter months at downstream site 
WQ-03.  Elevations in concentrations of certain parameters such as nitrate were expected 
downstream of the discharge, based on predictive modeling of contributions from the Tailings 
Sediment Pond.  Nitrate levels at the downstream station and compliance site WQ-01 do not 
appear to be affected by the TSP discharge.  All samples taken in the Kemess Creek system in 
2016 were below the BC WQG for nitrate concentrations. 
 
Nitrite Nitrogen (NO2) 
 
Nitrite concentrations were comparable to previous sampling years for most sites.  Nitrite nitrogen 
concentrations were below the maximum water quality guideline of 0.06 mg/L and the 30-day 
average guideline of 0.02 mg/L at all compliance sites in 2016.  Likewise, nitrite nitrogen 
concentrations were below the guidelines at all other sites, with the exception of WQ-WCSP, with 
recorded exceedances in January, July, and October.  However, with a corresponding dissolved 
chloride concentration greater than 2 mg/L at this location, the BC WQG does not apply for 
January, and October 2016. The highest recorded value of nitrite in 2016 at WQ-WCSP was 
0.035 mg/L occurring in October with a chloride concentration of 2.4 mg/L.  There was also one 
occurrence of a nitrate exceedance at ATWL-1 in September 2016; however, the corresponding 
dissolved chloride concentration was measured to be 2.4 mg/L. 
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An assessment of all available nitrite data for WQ-14F shows that levels have remained below 
the chloride-based 30-day average guideline for most years (generally exceedances have 
occurred in April).  WQ-14F exhibits a general trend of highest nitrite measurements collected in 
April/May, during the period of initial melt.  At this time, it is unclear whether nitrite levels appear 
to be influenced by the collection and pumping of the waste rock seepage water.   
 
Most monitored sites continue to exhibit nitrite concentrations less than detection limits.  Note that 
detection limits range between 0.001 and 0.002 mg/L.  A notable exception was February 2010, 
where a relatively large peak was observed at all sites sampled.  This occurrence is believed to 
be a result of laboratory error. 
 
Phosphorus 
 
Water samples collected during monthly sampling are analyzed for both ortho-phosphate and 
total dissolved phosphate.  Concentrations for both phosphate types observed in 2016 were 
generally below or close to the detection limits.  Note that both types of phosphate are typically 
measured at similar or equal concentrations.  Overall, phosphate concentrations were 
comparable to previous years with no consistent trend evident between stations or between years 
in most cases.   
 
5.1.9 Chlorophyll a 
 
Periphyton biomass is collected from natural stream substrates for measurement of chlorophyll a.  
As part of the provincial Environmental Effects Monitoring (EEM) program periphyton biomass 
was measured from 1999 to 2009 in Attichika Creek.  Given mine closure in 2011, the EEM 
program was redesigned to focus primarily on potential future effects of water release from the 
TSF to South Kemess Creek.   
 
As a component of the provincial EEM, periphyton biomass was collected in North, South and 
lower Kemess Creek mainstem stations in 2016.  Periphyton biomass ranged from 8.98 µg/cm2 to 
53.48 µg/cm2 in South Kemess Creek, which consisted of higher levels than were observed in 
Lower Kemess Creek (2.96 μg/cm2) and North Kemess Creek (1.71 μg/cm2).  Periphyton 
biomass measure in South Kemess Creek at stations TP-4 (53.48 μg/cm2), TP-3 (29.69 μg/cm2), 
and TP-1 (27.56 μg/cm2) in 2016 exceeded the BC guideline of 10 μg/cm2 for the protection of 
aquatic life in streams (BC MOE 2001).  In general, periphyton biomass was high in 2016, but has 
varied considerably among sampling locations and over time in Kemess Creek.  Further analysis 
of periphyton data are provided in the report titled Kemess 2016 Provincial Environmental Effects 
Monitoring Interpretive Report (Hatfield, 2016) submitted to BC MOE in March 2017. 
 
 

5.2 Metals 

 
Time series of metal concentrations since the construction phase of Kemess South Mine are 
found in Appendix D.  The results are tabulated in Appendix C with metal concentrations 
exceeding the water quality objective identified by bold print.  The water samples with metal 
concentrations that exceeded the water quality guidelines during the year 2016 are listed in Table 
5.3.  Note that all dissolved metals samples were submitted unfiltered and unpreserved to 
Maxxam to reduce the potential for sample contamination at the site. 
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Table 5.3: 2016 Water Samples with Metal Concentrations Exceeding Water Quality 
Guidelines. 

Month 
Metal(s) Exceeding 

Month 
Metal(s) Exceeding 

Water Quality Objectives Water Quality Objectives 

January 

As-T WQ-Pit 

July 

Se-T1 WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1, ATWL-1a 

Se-T1 WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1, ATWL-1a Cu-T WQ-Pit, WR-S4, WQ-WCSP 

Cu-T WQ-Pit, WQ-WCSP   

Fe-T ATWL-1a   

February 

As-T WQ-Pit 

August 

Se-T1 WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1, ATWL-1a 

Se-T1 WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1, ATWL-1a 

Cu-T 
 WQ-Pit, WQ-WCSP 

Cu-T WQ-Pit   

Zn-T WQ-03, WQ-14F   

March 

As-T WQ-Pit 

September 

  

Se-T1 WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1, ATWL-1a 

Se-T1 
 

WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1, ATWL-1a 

Cu-T WQ-Pit Cu-T WQ-Pit, WQ-WCSP 

Zn-T WQ-SRP, WQ-23a, WQ-03, 
WQ-EC   

April 

Al-D WQ-RCb 

October 

As-T WQ-Pit 

Se-T1 WR-S4, WQ-WCSP, WQ-14F, 
ATWL-1, ATWL-1a 

Se-T1 
 

WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1, ATWL-1a  

Cu-T WR-S4, WQ-WCSP, WQ-14F, 
ATWL-1, ATWL-1a Cu-T WQ-Pit, WQ-WCSP 

Zn-T ATWL-1a   

May 
Se-T1 WQ-Pit, WR-S4, WQ-WCSP, 

WQ-14F, ATWL-1, ATWL-1a 
November 

Se-T1 WR-S4, WQ-WCSP, WQ-14F, 
ATWL-1, ATWL-1a, WQ-EC 

Cu-T WQ-BXL, WQ-Pit, WR-S4, WQ-
WCSP, WQ-RCb Zn-T WQ-EC 

June 

Se-T1 WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1, ATWL-1a 

December 

As-T WQ-Pit 

Cu-T WQ-Pit, WQ-WCSP, ATWL-1a Se-T1 WQ-Pit, WR-S4, WQ-WCSP, 
WQ-14F, ATWL-1 

Ag-T WQ-17 Cu - T WQ-Pit 
Sites in bold indicate Compliance Sites 
Sites that are underlined indicate Background Sites 
 
* The exceedances of 30-day average WQG are from a single grab sample once per month.  Total allowable 
maximum thresholds were not exceeded. 
 
1 In July 2010, BCMOE provided the alternative ‘results-based’ management guideline of ensuring “a self-
sufficient population of Dolly Varden char in lower Waste Rock Creek that utilizes available habitat,” while 
indicating that the BC water quality guideline of 2 µg/L would not be applied as a legal limit. 
 
5.2.1 Aluminum (Dissolved) 
 
30-day Avg WQG = 0.05 mg/L 
Max WQG = 0.1 mg/L 
 
In 2016 dissolved aluminum concentrations appear to be relatively consistent with historical 
results for all sites. There was one exceedance of the 30-day average BC WQG at the 
background reference site WQ-RCb occurring in May 2016, which is similar to occurrences in 
previous years.  All other sites sampled in 2016 were below the WQG for dissolved aluminum.   
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Many sites exhibit higher dissolved aluminum values in May and June than other times of the 
year (e.g., WQ-25, WQ-03, WQ-01, WQ-17, and WQ-18).  The dissolved aluminum signal in 
Kemess Creek increases downstream, as does the concentration in the Attichika downstream 
sites.  Increased dissolved aluminum concentration is related to the high suspended sediment 
load resulting from snow melt flows during May and June (into July for some years) or summer 
rainstorms, the source of which is sediment stored on floodplains and within the channels, and 
eroded stream bank material.  This assertion is supported by the results of initial overburden 
characterization reported in Talisman (1997), which indicated that local soils contained elevated 
aluminum concentrations. 
 
5.2.2 Cadmium (Dissolved) 
 
WQG Short-term (mg/L) = e[1.03 * ln(Hss) - 5.274]/1000  
WQG Long-term (mg/L) = e[0.736 * ln(Hss) - 4.943]/1000 
 
In February 2015, the BC MoE approved a new WQG for dissolved cadmium.  The new 
guidelines consist of a short-term maximum and a long-term maximum, both values hardness-
dependent.  Dissolved cadmium concentrations observed in 2016 were below detection limits at 
all sampling stations, and below the hardness-based, long-term WQG for aquatic life at all 
stations.  Note that the change of analytical laboratory to Maxxam has afforded lower detection 
limits for cadmium (< 0.000005 mg/L; change occurred in December 2009). 
 
5.2.3 Copper 
 
30 day WQG = 0.002 mg/L if hardness is <50mg/L;  
0.04*(mean Hardness)/1000 mg/L if hardness > 50 mg/L 
Maximum WQG is hardness-dependent = (0.094*(Hardness)+2)/1000  
 
The average hardness level for each background site in 2016 was less than 50 mg/L, with the 
exception of site WQ-SDDI.  Therefore, the 30-day average WQG of 0.002 mg/L was applicable 
to all sites, except for WQ-25, WQ-TSP, WQ-SRP, and WQ-SRPW.  The 30-day average WQG 
for copper was exceeded several sites in 2016.  The exceedances were located at compliance 
site WQ-14F, as well as background site WQ-RCb.  Exceedances were also located at WQ-BXL, 
WQ-Pit, WR-S4, WQ-WCSP, ATWL-1 and ATWL-1a.  Most of the sites listed only had one 
exceedance during the year, which generally occurred in May.  The exceedances at compliance 
site WQ-14F occurred in conjunction with an exceedance at its respective background site, WQ-
RCb, when sampled. 
 
The hardness-dependent maximum WQG was not exceeded at any of the sites sampled in 2016.     
 
  



AuRico Metals Inc. - Kemess South Mine 
2016 Water Quality Report 

 

 January 2017         33 

5.2.4 Iron 
 
Total Iron WQG = 1 mg/L 
Dissolved Iron WQG = 0.35 mg/L 
 
Total iron exceeded the WQG once in 2016 at ATWL-1a when a concentration of 1.69 mg/L was 
measured in January.  The dissolved iron WQG was not exceeded in 2016.   Iron is typically a 
parameter that is elevated during freshet flows (i.e., associated with mobilized sediment in-
stream), as measured in May at almost all monitoring stations in both Kemess and Attichika 
creeks.  Note that freshet at WQ-14F begins in April and extends to June as different source 
areas melt at different times, while most other watersheds peak in June with the headwater 
snowpack melt.  WQ-14F differs from other watersheds in that it incorporates the Waste Rock 
Dump, a large area of exposed rock that contributes to early melt. 
 
 
5.2.5 Lead 
 
30-day WQG = Function of hardness but on order of 0.004 mg/L or higher 
Maximum WQG = Function of hardness but on order of 0.02 mg/L or higher 
 
 
The WQG’s for lead were not exceeded in 2016.  Total lead concentrations at most sampling 
locations were similar to previous years.  Slightly higher levels in May and June compared to 
other months of the year at some of the stations (e.g., WQ-25, WQ-01, WQ-03, WQ-14F, WQ-17, 
and WQ-18) is related to sediment mobilization during peak annual flow.  Large peaks are 
generally associated with TSS concentrations or sampler error.  The higher baseline total lead 
concentrations noted in the time series in Appendix D are a result of the higher detection limits 
that were available for the analytical methods at that time.  Methodologies have improved over 
time, affording much lower detection limits for many parameters.   
 
 
5.2.6 Manganese 
 
Maximum WQG = hardness-based (0.01102(hardness) + 0.54) 
30-day WQG = hardness-based (0.0044(hardness) + 0.605) 
 
 
There were no exceedances of the recommended hardness-based WQG for freshwater aquatic 
life during 2016.   
 
During the baseline soil sampling, it was noted that manganese occurred in “excessive 
concentrations” in the three open pit soil samples (Hallam Knight Piesold, 1993).  It is believed 
that the source of the manganese observed in water samples is a result of the high natural 
manganese concentration of the local soils exposed during mine development.  Overall, it 
appears that manganese is tied to sediment provenance, much like most metals described in this 
section, as higher concentrations occur during higher energy periods (i.e., higher flows during 
which more sediment is transported compared to other times of the year). 
 
 
5.2.7 Molybdenum 
 
WQG = 2.0 mg/L Aquatic Life (max), 1.0 mg/L 30-day,  
 
The total molybdenum WQG for aquatic life is 2.0 mg/L maximum or 1.0 mg/L for 30-day 
concentrations.  All sites sampled in 2016 exhibited molybdenum levels that were below the 
WQG for aquatic life.  Most stations sampled were found to have total molybdenum 
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concentrations that were similar to previous years sampled, with exceptions at WQ-25, WQ-03, 
WQ-01, WQ-17 and WQ-18.  Key trends also exist for WQ-SRP and WQ-14F. 
 
A clearly increasing trend exists at WQ-SRP for molybdenum.  Up to September 2013, a similar 
trend had been shown downstream (WQ-25), although the signal was much more diluted (0.005 
compared to 0.025 mg/L for WQ-25 and WQ-SRP, respectively).  Since the commencement of 
the discharge from the Tailings Sediment Pond (WQ-TSP) in September 2013, there is a general 
rise in molybdenum concentrations at WQ-25.  In addition, increases in molybdenum are 
experienced downstream of WQ-25 at WQ-03, WQ-01, WQ-17, and WQ-18.  The increase 
coincides with the commencement of the TSP discharge.  A low level molybdenum signal is 
present at WQ-24, which indicates a groundwater source.  Molybdenum concentrations at all 
these locations remain significantly lower than the BC WQG for aquatic life. 
 
The Leach Cap Waste material has shown the ability to leach molybdenum in a manner similar to 
selenium (initial spike followed by a decreasing trend in concentrations identified in the ongoing 
leach test pad experiments).  The Leach Cap Waste Dump is believed to be responsible for the 
increasing trend of molybdenum at WQ-14F up to 2008.  This is evidenced by a general increase 
in molybdenum concentrations at WQ-14F prior to collection and pumping of WRD seepage 
water in September 2008.  Since then, molybdenum concentrations have decreased for most 
months compared to pre-pumping data.  However, further monitoring will reveal if molybdenum 
follows a similar trend as discussed above for hardness, sulphate, nitrate and other parameters.  
It may be that a source exists in waste rock other than the Leach Cap.  Regardless, 
concentrations remain significantly less that all relevant water quality criteria. 
 
 
5.2.8 Selenium 
 
WQG = 0.002 mg/L.  Note that Waste Rock Creek (WQ-14F) falls under a management-based, 
rather than numerical, standard. 
 
Early in the development of Kemess Mine, the materials characterization program indicated that 
Leach Cap Waste (LCW) was a source of selenium, and that this parameter would be mobilized 
under neutral drainage conditions.  Selenium is also present in other non-acid generating waste 
rock storage in the larger Waste Rock Dump (WRD).  Management of selenium introduction into 
the receiving environment has been an ongoing process for several years at Kemess Mine.  The 
primary temporary management strategy has been to collect and pump seepage water emanating 
from the WRD to the tailings storage areas.  Pumping of WRD seepage water out of the Waste 
Rock Creek system (start September/October 2008) resulted in a decrease in selenium 
compared to previous years.  However, selenium levels started increasing again late in 2009, 
coinciding with the severing of the north pit highwall diversion ditch, which used to allocate a year 
round supply of fresh water to Waste Rock Creek.   The reduced dilution in Waste Rock Creek is 
likely compounded by the following other potential inputs of selenium: 
 

• Persistent contribution from all rock types (not LCW alone) stored in the larger Waste 
Rock Dump (i.e., through uncollected surface seepage and groundwater connection), 
and 

• A delay between deposition of waste rock and mobilization of leachable elements.  
Waste rock deposition external to the Pit ceased in 2010. 

 
It is likely that increasing levels of certain parameters, including selenium, is a function of 
persistent sources in the larger Waste Rock Dump (i.e., not necessarily limited to the Leach Cap 
Waste material).  Continued elevated concentrations will likely occur until source contributions of 
leachable elements are gradually depleted, at which time, concentrations of mobilized parameters 
will decline.  The timeframe for this delay is undetermined.  A Leach Cap Cover was designed 
and installed to reduce infiltration rates through the Leach Cap material, removing that source of 
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selenium from the rest of the WRD, which will expedite a decrease in selenium levels in the 
receiving environment.   
 
Along with management, selenium monitoring has also been ongoing for a number of years.  The 
following is a summary: 
 
In response to the elevated selenium concentrations in Waste Rock Creek, Kemess initiated an 
assessment of the source and effects of selenium in Waste Rock Creek in 2003, with enhanced 
biological monitoring occurring approximately annually thereafter.  The monitoring culminated in a 
report prepared jointly by Hatfield Consultants, Golder and Associates, and David Bustard and 
Associates (Hatfield et al., 2008).  This report was submitted to MOE for review on February 22, 
2008.  Similarly, a comprehensive Selenium Management Plan was developed in 2008.  The 
Selenium Management Plan was updated in 2009 to reflect recommendations from regulatory 
agencies.  As a short-term mitigation strategy, the main waste rock seepage (WR-S3) containing 
elevated selenium is currently being collected and pumped into the West Pit, away from Waste 
Rock Creek.  Selenium concentrations initially responded in a significant decrease (approximately 
0.03 mg/L difference between peak values from 2008 and 2009), although levels still remain 
higher than 0.002 mg/L.  Data from 2011-2013 indicate a rise in selenium levels, although most 
values remain lower than pre-pumping maximums for some months. 
 
Although a reduction in water-borne selenium concentrations has occurred, the fact that the 
levels have not decreased more dramatically was thought to be related to uncontrolled seepage 
that bypasses (approx. 30-35% on an annual average basis) the collection system and continues 
to report to Waste Rock Creek.  In 2009, a meeting with BCMOE representatives concluded that, 
although it is apparent that the bypass is occurring, it is important to collect further effects-related 
data prior to augmenting efforts to capture all the seepage water. 
 
Further enhanced monitoring programs were conducted in 2009 and 2010 to assess the 
biological effects of selenium in Waste Rock Creek (Hatfield, 2010, 2011) and to monitor changes 
in selenium concentrations post-pumping.  As well, a hydrological and habitat monitoring program 
was initiated at the start of pumping (end of September 2008) to assess the effect of reduced 
flows in Waste Rock Creek.  Progress reports for these various programs are submitted to MOE 
and MEMPR as they become available.   
 
Prompted by recommendations from regulatory agencies, a study was conducted beginning in 
2008 in order to establish a tissue residue threshold for use as a measure of downstream impact.  
The study assessed reproductive toxicity for the primary fish species, Dolly Varden, in Waste 
Rock Creek, and the results conclusively yielded a tissue-based threshold, (54 µg/g) below which 
effects of elevated selenium do not differ statistically from natural variation.  This information was 
reported to BCMOE in July 2009 (see Golder, 2009), and published in Environmental Toxicology 
and Chemistry 2010 (McDonald et al., 2010).  As BCMOE has acknowledged that the current 
water column guideline is not an appropriate comparison for Waste Rock Creek, it was expected 
that the findings of Golder (2009) would be used to develop a site-specific guideline for 
management and compliance purposes.  The US Environmental Protection Agency (USEPA) did 
review and accept the results of the study detailed in McDonald et al. (2010), and included the 
threshold value in the toxicity database used for derivation of USEPA Draft Criteria for selenium. 
 
A subsequent meeting to update regulatory agencies on selenium monitoring results and options 
for management strategies occurred on July 21, 2010.  The result of this meeting was a letter to 
Northgate (now AuRico) in which BCMOE indicated that “sufficient uncertainty remains [with the 
scientific reproductive toxicity study mentioned above] making it premature to accept the 54 µg/g 
[tissue] threshold as the definitive trigger for the protection of Dolly Varden in Waste Rock Creek.”  
BCMOE provided the alternative ‘results-based’ management guideline of ensuring “a self-
sufficient population of Dolly Varden char in lower Waste Rock Creek that utilizes available 
habitat,” while indicating that the BC water quality guideline of 2 µg/L would not be applied as a 
legal limit. 
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In 2013, BCMOE requested an updated Environment Management Plan for selenium due to the 
continually increasing selenium concentrations in Waste Rock Creek at water quality station WQ-
14F, despite the success of the Ministry-directed results-based goal of a self-sustaining Dolly 
Varden population in Waste Rock Creek.  Details of recent mitigation strategies are described in 
the Draft Selenium Management Plan, which was submitted to MoE in 2014.  The Selenium 
Management Plan will be updated in 2017 as a component of the permit application for Kemess 
Underground. 
 
The total selenium WQG of 0.002 mg/L was exceeded at several locations in the Waste Rock 
Dump (WRD) drainage during 2016.  The total selenium concentrations at compliance site WQ-
14F exceeded the WQG during all months, with an annual maximum of 0.0649 mg/L in January 
2016.  However, the results-based objective of maintaining a self-sustaining population of Dolly 
Varden in the Waste Rock Creek system continues to be met.   
 
The measured selenium concentrations at compliance site WQ-18 have not exceeded the WQG 
since pumping of the WRD seepage began in September 2008.  WQ-18 is the compliance site 
downstream of WQ-14F in Attichika Creek.  There is a delay in freshet hydrograph responses 
between Waste Rock Creek and Attichika Creek.  The Waste Rock Creek watershed incorporates 
the Waste Rock Dump, an area of operational disturbance and continuous exposed surfaces (not 
vegetated).  These conditions, combined with smaller catchment size and lower median 
elevation, are apt to create a snow melt peak that occurs much earlier than larger catchments 
with higher median elevations and less disturbance (such as the Attichika Creek watershed).  The 
result is a lag between the characteristic hydrographs at these two locations (WQ-14F peaks 
approximately 2 to 4 weeks earlier than WQ-18).  Essentially, this means that the highest flows at 
WQ-14F (peak freshet) are introduced to the lowest flows at WQ-18 (pre-freshet), presenting 
conditions of the lowest possible dilution factor.  This phenomenon explains the timing of the 
elevated selenium concentrations at WQ-18 compared to other times of the year.  Of note is the 
fact that WQ-RCb did not exhibit any incidences of exceedance (similar to previous years), which 
supports the assertion that selenium is tied to specific material types within the WRD and not 
from naturally occurring sources. 
 
In 2016, the Care and Maintenance crew installed a secondary pipeline running parallel to the 
existing line that runs from the Se Pond to the Pit as a contingency measure to increase the 
pumping volume from the Se Pond experienced during the peak flows of freshet. The secondary 
line is run manually using a 75hp float pump that is tied into the existing electrical system. 
 
 
5.2.9 Zinc 
 
WQG = 0.033 mg/L, 30-day average WQG = 0.0075 with background hardness < 90 mg/L 
 
 
The total zinc WQG of 0.033 mg/L was exceeded on one occasion in 2016.  In November 2016, 
the total zinc concentration recorded at WQ-EC was 0.044 mg/L, exceeding the maximum WQG.  
Zinc concentrations greater than detection limits (0.001 mg/L) occurred at most sampled stations 
in all months. 
 
The hardness-based 30-day average WQG for zinc, of 0.0075 mg/L with background hardness 
levels less than 90 mg/L CaCO3, was exceeded on several occasions throughout 2016.  
Exceedances occurred at compliance sites WQ-14F on one occasion.  The WQG was exceeded 
at sites WQ-SRP, WQ-23a, ATWL-1a, and WQ-EC.  The exceedances were primarily observed 
during February, March, April, and November 2016. 
 
There is a history of elevated zinc at WQ-23a location due to leaching from the Water Diversion 
System.  Overall, the liner work conducted on the Eastern Diversion Conduit in 2001 to mitigate 
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zinc leaching continues to be functioning properly based on the observed concentrations at WQ-
23a and the decreasing trend observed for data collected at WQ-25. 
 
5.2.10 Other Metals 
 
The recorded total metal concentrations of antimony, arsenic, barium, beryllium, chromium, 
uranium, and vanadium did not exceed their respective water quality guidelines for all sites during 
2016, with the exception of total arsenic concentrations in the pit (WQ-Pit).  The WQG for total 
arsenic concentration was exceeded in the pit in January, February, March, October, and 
December 2016.  Graphs of the recorded values of these metals at each site are located in 
Appendix D.   
 
Other metals such as boron, cobalt, lithium, and nickel consistently exist below detection limits for 
most monitoring locations. 
 
Total antimony concentrations measured in 2016 were similar to previous years with a signature 
from the Tailings Sediment Pond discharge (WQ-TSP) at downstream locations WQ-25, WQ-03, 
WQ-01, WQ-17 and WQ-18, which commenced in September 2013. All sites were well below the 
WQG of 0.06 mg/L for aquatic life.  WQ-BXL exhibits a general decreasing trend overall, although 
levels have been relatively stable since 2009.  Concentrations at WQ-14F exhibited an increasing 
trend until 2009, the reduction likely due to the initiation of the waste rock seepage collection and 
diversion system.  On average, concentrations have been stable since 2009.   
 
At most monitoring locations, total arsenic concentrations measured in 2016 were similar to 
previous years, while all were below the WQG of 0.05 mg/L, with the exception of WQ-Pit.  WQ-
BXL and WQ-SRP exhibit gradually decreasing trends.  A slight increasing trend in mean values 
over time is observed for WQ-14F data.  However, a recent notable reduction could be related to 
the initiation of the waste rock seepage collection and diversion system. 
 
Total barium concentrations remain over one order of magnitude below the approved WQG at all 
sites.  Examination of the maximum and mean time series presented in Appendix D reveals that 
there is a slightly increasing trend in barium concentrations at WQ-14F and WQ-SRP. The 
signature from the Tailings Sediment Pond discharge is noticeable at all downstream sites 
including WQ-25, WQ-03, WQ-01, WQ-17, and WQ-18.  Barium is also found naturally in the 
local soils and thus contained within stockpiled overburden piles (as per Talisman 1997). 
 
Total beryllium concentrations have been stable since the development of the mine.  The 
decrease in beryllium concentrations since the 1991-93 background sampling is a function of a 
lower detection limit, and does not relate to any decreases in actual beryllium concentrations. 
 
The total chromium WQG for the site is 0.001 mg/L for aquatic life.  No sites exceeded the WQG 
for total chromium during 2016.  Overall, mean total chromium data in 2016 are similar to 
previous years.   
 
The total silver 30-day WQG is 0.00005 mg/L when background hardness is less than 100 mg/L, 
and this criterion was not exceeded in 2016, with the exception of the concentration measured at 
WQ-17 in June.  Most samples measured total silver concentrations at the detection limit.  
Notably, WQ-14F typically exhibits greater than detection limit silver concentrations in April and 
May.  These elevated concentrations are likely related to sediment mobilization associated with 
peak annual flow and snow melt runoff.   
 
Total uranium concentrations are well below the approved drinking (0.1 mg/L) and aquatic life 
(0.3 mg/L) WQG criteria for this element for all sites.  The highest concentrations of uranium have 
been observed at WQ-TSP and WQ-Pit with recorded values between 0.002 and 0.003 mg/L.  
WQ-SRP exhibits a gradual increasing trend since 2004, which is reflected (at a much lower 
concentration) at WQ-25.  WQ-14F exhibits an increasing trend in mean uranium concentration.  
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Since the discharge of the Tailings Sediment Pond began in September 2013, higher 
concentrations of uranium are exhibited at WQ-25, WQ-03, WQ-01, WQ-17 and WQ-18. 
  
Total vanadium concentrations were at least one order of magnitude below the WQG at most 
sites during 2016.   
 
 
6.0 TAILINGS SEDIMENT POND BOTTOM SEDIMENT SAMPLING 
 
Annual sampling of bottom sediments in the Tailings Sediment Pond is a requirement under the 
revised permit PE 15335 (2013).  Results from the 2016 sample taken in August are presented in 
Appendix E.  Analyses included Total Metals and pH as well as particle size analysis. The 
sediment at the bottom of the TSP is composed mostly of clay and silt. 
 
7.0 SEWAGE TREATMENT PLANT 
 
The Canwest Horizontal Sewage Treatment plant that is installed on site is designed to 
accommodate a usage rate of 60iGal/day/person with a nominal population of 100 people.  
Effluent from the Canwest Horizontal Sewage Treatment Plant is deposited in the Mill Area 
Sedimentation Pond (Green Pond) where water levels are managed by pumping excess volumes 
to the Pit.  In accordance with PE15335, the characteristics of the discharge must not exceed the 
following: 
 

• Biochemical Oxygen Demand 45 mg/L 
• Total Suspended Solids 60 mg/L 
• Daily discharge rate of 45m3/day 

 
The 2016 characterization results of the Sewage Treatment Plant effluent met the biochemical 
oxygen demand and total suspended solids requirements (Appendix E).   
 
 
8.0 SPILLS 
 
8.1 Definition and Description 

 
For the purposes of the Kemess Mine Site, spills are defined in three ways: 
 

1. A release of any regulated substance designated in the Environmental Emergency (E2) 
Regulations as indicated by Section 201 of the Canadian Environmental Protection Act 
(CEPA, 1999) directed by Environment Canada. This generally indicates spilling of toxic 
substances in quantities set out by the E2 Regulations (e.g. propane, diesel, oil, gas, 
reagents, nitrous oxide, etc.) and spill locations may be anywhere on the authorized site 
as well as unauthorized locations (into watercourses, Omineca Resource Access Road 
(ORAR)); 

 
2. A Deposit out of the Normal Course of Events as regulated by Environment Canada with 

the Metal Mining Effluent Regulations (MMER).  This would include any discharge or 
deposit into a watercourse without the discrimination for watercourse size, including: 

 
a.  road runoff and sediment laden waters, and 
b.  tailings and other chemicals 

 
3. A release or discharge into the environment, not authorized under the Environmental 

Management Act, of a substance in an amount equal to or greater than the amount listed 
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in Schedule of Reportable Levels for Certain Substances (B.C. Reg. 376/2008) directed 
by the Province of British Columbia. 

 
There are three levels of spills as defined below: 
 
Level 1:  Minor spill requiring an on-site worker to respond and take necessary corrective actions 
(e.g. a spill during a vehicle oil change). 
 
Level 2:  Intermediate level spills requiring response by an on-site staff but posing no danger to 
the public (e.g. punctured oil drums). 
 
Level 3:  Major incident, where there are subsidiary problems to complicate the situation such as 
fire, explosion, toxic compounds, and a threat to life, property and the environment (e.g. an 
overturned fuel transport truck).  Assistance may be required from local, regional, and/or 
provincial organizations. 
 
All spills are immediately reported to the Environment Department regardless of quantity or 
location.  In addition, all observed instances of high turbidity in a watercourse are reported to the 
Environment Department and investigated further. 
 

8.2 2016 Reportable Spills 
 
There were four incidents of a spill recorded in 2016, twice when the capacity of the Seepage 
Recycle Pond (SRP) was exceeded due to a pump failure (Appendix F) and twice due to a 
selenium pond pipeline failure.   
 
The SRP incidents occurred on February 13 and April 27, 2016.  When the SRP pumps are 
operational, effluent from the SRP is pumped to the Tailings Sediment Pond (TSP) where it is 
authorized for discharge through an outlet pipe (WQ-TSP), depositing it in Kemess Creek.  
However, when the pumps failed, the effluent took a different route to the same ultimate 
destination in Kemess Creek, resulting in an unauthorized discharge from the SRP pond.  The 
pump was repaired and the ponds are checked daily for any reoccurrences.  In 2016, AuRico 
submitted a request to amend permit PE15335 to authorize a discharge from the SRP pond. 
 
The selenium pipeline failures occurred on April 12 and December 16, 2016.  The spill on April 12 
was the result of physical damage to one of the pipelines, suspected to be caused by a grader, 
which punctured a hole in the pipeline. The spill on December 16 was due to freezing of the 
pipeline preventing water from being routed to the Pit.  The pipeline and pumping system 
continue to be monitored several times daily. In 2017, additional 10” pipe will be ordered to 
ensure there is spare pipe in the event of a pipeline failure or a potential frozen pipe. In addition, 
the 12” secondary pipeline will be reinstalled parallel to the primary line when the full extent of the 
primary pipeline is thawed. 
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9.0 CONCLUSION 
 
This report represents the 2016 Water Quality Monitoring Program as outlined in BC MOE Permit 
PE-15335.  The information presented includes 1991-93 background data that is compared to the 
historical data collected at the mine site from 1998 to 2016, allowing for recognition of changes 
and/or constants in the local watershed.  The objective of this report is primarily to compare data 
collected in the most recent year (January to December) to pre-development baseline data and 
relevant site-specific and provincial Water Quality Guidelines (WQG).  Instances of exceedances 
related to the WQG are clearly noted and an interpretation of the events or environmental 
conditions that likely contributed to the measured elevated concentrations is included where 
possible.  General trends in various environmental and geochemical parameters (e.g., metals, 
nutrients, suspended sediment) within the receiving environment are also indicated as they are 
observed. 
 
In most cases, where a total metal parameter has exceeded the WQG, it is linked to elevated 
suspended sediment concentrations, resulting from a precipitation event of variable intensity and 
duration or to peak flows at freshet (i.e., snow melt).  Kemess Mine has had success in 
addressing the potential of sediment introduction from mining-related sources through significant 
and progressive efforts to improve site erosion control and sediment management measures 
(initiated in 1998).  As a result, most sites show a marked decrease in turbidity levels in recent 
years.  In general, site turbidity problems have evolved from ongoing, operational issues during 
the early years of operations to localized site-specific occurrences over a greatly reduced 
duration. 
 
Should you have any queries or comments concerning this report, please do not hesitate to 
contact the undersigned at 778-724-2500. 
 
 
Respectfully submitted,     
 
 
 
     
___________________________ 
Jordan Evans     
Environmental Coordinator    
AuRico Metals Inc. – Kemess Mine    
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LABORATORY 

QA/QC SAMPLE TYPE 

FREQUENCY 
(1)

 
PURPOSE APPLICATION RECOMMENDED ALERT CRITERIA

(4,,5)
 

RECOMMENDED 

ACTION 

Method Blank 

A laboratory control sample which is 

free of the target parameters and of 

any substance which may interfere 

with that analysis.  A method blank is 

processed through the entire 

analytical method including any 

extraction, digestion or any other 

preparation procedure. 

1 in 20 

samples or 1 

per batch. 

Monitors 

laboratory 

background 

levels of target 

analytes and 

laboratory 

artifacts. 

Used for most 

analytical 

parameters. 

Any detected levels above reporting limits (2 x 

RDL)
  
or greater than 5X method detection limit 

(MDL) 
(2)

 

Repeat the analysis 

for all samples in the 

batch if unacceptable 

concentrations of 

target analytes are 

identified in the 

method blank. The 

laboratory may report 

elevated RDL values if 

project/regulatory 

criteria are not 

exceeded.  

Blank Spike 

A laboratory control sample free of 

the target analytes or interferences is 

fortified with a known concentration 

of target analytes.  The blank spike is 

processed through the entire 

analytical method including any 

extraction, digestion or any other 

preparation procedure.  Results are 

expressed as a percentage recovery. 

1 in 20 

samples. 

Monitors 

analyte 

recovery and 

potential loss 

during the 

preparation 

procedures.  It 

also serves to 

validate the 

calibration of 

the 

instrumentatio

n or technique. 

Used for most 

analytical 

parameters. 

Metals                 80-120% (Water) 75-125% (soil) 

VOCs/C6-C10 HC  70-130% (Water) 60-140% (soil)       

Extractable HC    30-130% (Water) 30-130% (soil)           

Volatile Gases     50-150% (Water) 30-150% (soil)        

General Chem.   80-120% (Water) 75-125% (soil) 

BNAs                    10-130% (water) 10-130% (soil) 

PAHs                    30-130% (Water) 30-130% (soil)  

Repeat the analysis 

for all samples in the 

batch if blank spike 

recoveries are outside 

in-house control 

limits. 

Matrix Spike 

A second aliquot from a randomly 

chosen sample is fortified with a 

known concentration of target 

analytes.  The sample is processed 

1 in 20 

samples 
(3)

 

Evaluates any 

“matrix 

effects” that 

may exist in a 

sample due to 

Used for most 

analytical 

procedures. 

Matrix spike 

alert criteria do 

Metals                   80-120% (Water) 75-125% (soil) 

VOCs/C6-C10 HC    70-130% (Water) 60-140% (soil)       

Extractable HC     30-130% (Water) 30-130% (soil) 

Volatile Gases      50-150% (Water) 30-150% (soil)        

General Chem.     80-120% (Water) 75-125% (soil) 

Repeat the analysis or 

qualify the data 

appropriately. 
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LABORATORY 

QA/QC SAMPLE TYPE 

FREQUENCY 
(1)

 
PURPOSE APPLICATION RECOMMENDED ALERT CRITERIA

(4,,5)
 

RECOMMENDED 

ACTION 

through the entire analytical method.  

Results are expressed as a 

percentage recovery. 

its composition 

that may effect 

the recovery of 

analytes.  An 

example is the 

presence of 

peat in soils 

which tends to 

adsorb 

analytes such 

as benzene 

resulting in a 

poor matrix 

spike recovery. 

not apply if the 

native analyte 

concentration 

is greater than 

1/2 the matrix 

spike target 

concentration. 

BNAs   
                        

10-130% (water) 10-130% (soil) 

PAHs                  30-130% (Water) 30-130% (soil)           

Laboratory Duplicate (RPD) 

A second aliquot from a randomly 

chosen sample within an analytical 

batch processed through the entire 

analytical method.  Laboratory 

duplicates are expressed as the 

Relative Percent Difference (RPD) 

between the two results. 

1 in 20 

samples. 

Evaluates 

analytical 

precision and 

sample 

homogeneity. 

Applicable for 

all analytical 

parameters but 

the RPD 

calculation is 

only applicable 

when both 

concentrations 

are > 5X RDL. 

Metals                              (25% Water; 35% soil) 

VOCs/C6-C10 HC               (40% water; 50% soil) 

Volatile Gases                 (50% water; 60% soil) 

General Chemistry         (25% water; 35% soil)     

Other Organics                (40% water; 50% soil) 

Repeat affected 

sample.  If still not 

acceptable, inspect 

for homogeneity.  

Only repeat a third 

time if analytical error 

is suspected. 

Certified Reference Material (CRM) 

Purchased samples  which have been 

certified by a recognized agency to 

contain specified levels of selected 

constituents, when measured by 

specified standard procedures. 

Results are expressed as a 

percentage of the design value. 

1 in 20 

samples 
(3)

 

Used for 

validating the 

performance of 

a method 

including 

precision, 

extraction/dige

stion efficiency. 

Applicable for 

all analytical 

parameters 

where CRMs 

are 

commercially 

available. 

Metals                    80-120% (Water) 75-125% (soil) 

VOCs/C6-C10 HC    70-130% (Water) 60-140% (soil)       

Volatile Gases       50-150% (Water) 30-150% (soil)        

General Chem.     80-120% (Water) 75-125% (soil) 

BNAs                      10-130% (water) 10-130% (soil) 

Other Organics     70-130% (Water) 30-130% (soil)           

Repeat the analysis 

for all samples in the 

batch. 
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LABORATORY 

QA/QC SAMPLE TYPE 

FREQUENCY 
(1)

 
PURPOSE APPLICATION RECOMMENDED ALERT CRITERIA

(4,,5)
 

RECOMMENDED 

ACTION 

Surrogate Recovery  

Surrogates are deuterated analogues 

or compounds not normally found in 

nature but have chemical and 

physical behaviour similar to the 

analytes of interest.  Known 

surrogate concentrations are added 

to samples prior to analysis and 

recoveries are calculated and 

expressed as a percentage. 

Every organic 

analysis, 

included in 

every sample 

and 

standard. 

Monitors the 

efficiency of 

organic 

extractions, 

instrument 

performance 

and provides 

within-run 

quality control. 

Applicable for 

all analytical 

parameters 

determined by 

Gas 

Chromatograp

hy or HPLC 

techniques.    

VOCs/C6-C10 HC    70-130% (Water) 60-140% (soil) 

Extractable HC     30-130% (Water) 30-130% (soil) 

BNAs                      30-130% (water) 30-130% (soil) 

PAHs                      30-130% (Water) 30-130% (soil) 

Repeat the analysis or 

qualify data if there is 

a marginal 

exceedence that has 

no impact on the data 

as determined by a 

Department 

Manager/Supervisor. 

 

Footnotes: 

 

(1) Maxxam’s standard QC frequency is presented; however specific monitoring programs may have project specific QC requirements. 

(2) Regulatory limits vary depending on soil porosity. Coarse/ fine classification based upon 75µm fraction is available upon request. 

(3) Matrix Spike  or a certified reference material are included in batch sizes of 20 samples or less; not necessarily both (if insufficient sample is 

submitted for a matrix spike a CRM may be substituted). 

(4) It is acceptable to approve matrix spikes for multi-scan parameters if less than 10% of the recoveries fail and these compounds are not 

detected in samples within the batch or a 0% recovery obtained 

(5) Acceptance limits are based on Maxxam in-house method control limits and may differ from those published by EPA. These are 

recommended alert criteria, but results outside these limits may be deemed acceptable on a case by case basis.  These criteria should be 

considered general guidance only and some labs may have more stringent limits than what is specified in the above table. 
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FIELD 

 QA/QC SAMPLE TYPE 
FREQUENCY

(1)
 PURPOSE APPLICATION RECOMMENDED ALERT CRITERIA

(4,,5)
 

RECOMMENDED 

ACTION 

Blind Duplicate  

A second sample is collected at 

the same time and location in 

separate containers.  Samples are 

homogenized where possible (ie 

alternate filling of sample and 

duplicate for waters and bowl 

mixing for soils).  Samples are 

submitted to the laboratory 

without identifying them as 

duplicates. VOCs in soil should 

not be homogenized.  

 

1 per submission. 

 

Evaluates analytical 

precision, field 

precision and 

sample 

homogeneity. 

 

Useful for most 

parameters. Has 

limited use for 

samples that cannot 

be homogenized (ie 

VOCs in soil).  RPD 

calculation is only 

applicable when 

concentrations are > 

5X RDL. 

 

 

Metals                  (80% Water; 100% soil) 

VOCs/C6-C10 HC  (80% water; 100% soil) 

Volatile Gases      80% water; 100% soil) 

General Chem    (50% water; 100% soil)     

Other Organics    80% water; 100% soil) 

 

Evaluate laboratory 

QC, 

homogenization 

procedures and 

field collection 

technique.  Contact 

the laboratory as 

soon as possible. 

Trip Blank  

A sample of analyte free media 

(supplied by the laboratory) 

taken to the site and returned to 

the laboratory unopened.  The 

laboratory prepares the trip 

blank .A duplicate of the trip 

blank prepared at the same time 

is retained at the laboratory in a 

contaminant free location. 

1 per VOC water 

project. 

Identifies any 

potential cross-

contamination that 

may occur from 

other samples, 

ambient 

conditions, or 

other sources that 

samples may be 

exposed. 

Volatile organics in 

water. 

Any concentrations above (2 x RDL) or (5 

x MDL). 

Analyze the 

laboratory trip 

blank duplicate 

retained by the 

laboratory. 

Trip Spike  

A sample prepared by the 

laboratory that is fortified with a 

known concentration of target 

analytes.  This sample is shipped 

along with containers and is to be 

taken into the field, but returned 

unopened to the laboratory.  

1 per VOC water 

monitoring 

program. 

Monitors the 

breakdown or loss 

of analytes during 

the sampling 

process.  Holding 

time, and 

temperature 

effects on 

Usually volatile 

organics in water.  

May be applied to 

other analyses 

70 – 130 % recovery for all VOCs except 

the dissolved gases (ie vinyl chloride), 

which the recommended acceptable 

range is 60-140%. 

 

Review storage 

conditions, 

temperatures of 

samples upon 

receipt and holding 

time. 
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FIELD 

 QA/QC SAMPLE TYPE 
FREQUENCY

(1)
 PURPOSE APPLICATION RECOMMENDED ALERT CRITERIA

(4,,5)
 

RECOMMENDED 

ACTION 

Analysis is conducted and 

recoveries are reported 

expressed as a percentage. 

concentration can 

be accessed. 

Field Blank  

A sample of analyte free media 

(supplied by the laboratory) 

taken to the site, opened and 

exposed to the ambient air.   

 

1 per VOC water 

monitoring 

program. 

 

Monitors any 

potential 

contamination that 

may impact 

samples due to 

ambient air 

conditions. 

 

Applicable for most 

parameters. 

 

Any concentrations above (2 x RDL) or (5 

x MDL). 

 

Evaluate any “hits” 

found in the 

sample that were 

also found in the 

field blank. 

Blind Known  

A purchased CRM (see above) or 

a sample previously analyzed by 

an accredited laboratory multiple 

times is submitted to the 

laboratory blind.   

1 per 

remediation or 

large project. 

Evaluates 

laboratory 

accuracy and 

precision. 

Ideal for long holding 

time tests such as 

metals in soil.  

Submission of the 

same blind known 

multiple times during 

a large project 

provides excellent 

monitoring of the 

laboratory precision 

and accuracy. 

Metals                      80-120% (Water) 75-125% (soil) 

VOCs/C6-C10 HC      70-130% (Water) 60-140% (soil)       

Volatile Gases         50-150% (Water) 30-150% (soil)        

General Chem.        80-120% (Water) 75-125% (soil) 

BNAs                         10-130% (water) 10-130% (soil) 

Other Organics       70-130% (Water) 30-130% (soil)           

Contact the 

laboratory. 

Interlaboratory Duplicate 

A second sample is collected at 

the same time and location in 

separate containers.  Samples are 

homogenized where possible (ie 

alternate filling of sample and 

duplicate for waters and bowl 

mixing for soils).  One sample is 

1 per 

remediation or 

large project. 

Evaluates 

appropriateness of 

the analytical 

method, precision 

and accuracy 

between two 

laboratories. 

Suitable for 

parameters that can 

be homogenized and 

adequate split 

samples can be 

obtained.  RPD 

calculation is only 

applicable when 

Metals                   (50% Water; 100% soil) 

VOCs/C6-C10 HC    (80% water; 100% soil) 

Volatile Gases       (80% water; 100% soil) 

General Chem       (50% water; 100% soil)    

Other Organics     (80% water; 100% soil) 

Evaluate laboratory 

QC and 

homogenization 

procedures.  

Contact the 

laboratory and 

compare methods 

between the two 



ENVIRONMENTAL QA/QC INTERPRETATION GUIDE  
COR FCD-00097/5 

Page 6 of 7 

 

FIELD 

 QA/QC SAMPLE TYPE 
FREQUENCY

(1)
 PURPOSE APPLICATION RECOMMENDED ALERT CRITERIA

(4,,5)
 

RECOMMENDED 

ACTION 

submitted to third party 

laboratory. 

concentrations are > 

5X RDL. 

laboratories. 

Equipment Blank  

An aliquot of analyte free water 

is exposed to any field apparatus 

(ie well materials, tubing, field 

filter) and then collected in 

appropriate containers for the 

parameters of interest. 

1 per GW 

submission. 

Evaluates 

“artifacts” or cross 

contamination 

from field 

equipment. 

Suitable for water 

samples for most 

analytes. 

Any concentrations above (2 x RDL) or (5 

x MDL). 

Evaluate any “hits” 

found in the 

sample that were 

also found in the 

equipment blank. 
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Useful Calculations and Analytical Relationships: 

 

 
 

       
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Method Detection Limit (MDL): the minimum concentration of a substance that can be measured and reported with 99% confidence that the 

analyte concentration is greater than zero.  It is determined from several replicate analyses of a sample in a given matrix containing the analyte, 

by putting each aliquot through the entire process that samples would undergo, including all preparation steps (e.g., digestion, extraction) 

 

Reporting Limit (RDL): the lowest concentration that can be reliably measured within specified limits of precision and accuracy during routine 

laboratory operating conditions.  The RDL is generally 1 to 10 times the MDL where regulatory criteria permit.  By setting a reporting limit 1 to 10 

times the statistical MDL, more confidence is achieved, particularly for low level data. 

Relative Percent Difference:  (sample result – duplicate result) x 100         

   (sample result + duplicate result) / 2 

Ion Balance:  (Anion Sum - Cation Sum) x 100          

    (Anion Sum + Cation Sum) 

  

where Anion Sum = (ALKtot x 0.02) + (Cl
-
 x 0.0282) + (SO4

2-
 x 0.0208) + (NO3

- 
as N x 0.0714);  Note: Fluoride can also be included but doesn't usually contribute much. 

 

and Cation Sum =  ([Ca] x 0.0499) + ([Mg] x 0.0823) + ([Na] x 0.0435) + ([K] x 0.0256) + (1000/10^pH); Note: Ammonia as N and Fe can also be included. 

  

The resulting % difference should not exceed 5% or |(Anion Sum) - (Cation Sum)| < 0.2 meq/L. 

Sodium Absorption Ratio:         [Na
+
]_______                

                                                       (([Ca
2+

]+[Mg
2+

])/2)
0.5

 

 

Total Hardness (as mg/L as CaCO3) = Ca (mg/L) x 2.497 + Mg (mg/L) x 4.118 

 

Organic Nitrogen: TKN – NH3-N 

 

Unionized Ammonia:  f = 1/ (10 pKa – pH + 1) 

where f is the fraction of NH3 of the NH3 + NH4 result and  pKa = 0.09018 + 2729.92/T, where 

T = ambient water temperature in Kelvin (K =  deg C + 273.16) 

 

Theoretical Total Dissolved Solids:  0.6 – 0.9 X field or lab 

measured conductivity roughly will estimate your TDS in mg/L 

 



QA/QC Sample Type Frequency and Purpose Recommended Actions

Method Blank Mandatory: 1 per batch run.

A laboratory control sample that is free of the target parameters 

and of any substance that may interfere with that analysis.  A 

method blank is processed through the entire analytical method 

including any extraction, digestion or any other preparation 

procedure.

Monitors laboratory background levels of target 

analytes and laboratory artifacts

Blank Spike: Optional quality control; ideally, 1 per batch run.

EC, Salinity 90% - 110% water; 80% - 120% soil

Metals and Inorganics 80% - 120%; HWS B 70% - 130%

FOC, Methyl Mercury 70% - 130% (all matrices)

VOCs, THMs, BTEX except gases and 

ketones
60% - 130% (water and soil)

PHCs 60% - 140% (water and soil)

CPs, PFOS, PAHs, PCBs, Volatile Gases & 

Ketones

50% - 140% (water and soil)                                

30% - 130% for difficult compounds

Dioxins & Furans 70% - 140% (water and soil)

1,4-Dioxane 70% - 130% waters; 60% - 140% soils

Matrix Spike Optional quality control; ideally, 1 per batch run.

CPs, PFOS, PAHs, 1,4-Dioxane, VOCs, 

THMs, BTEX, 

50% - 140%                                                              

30% - 130% for difficult compounds

PHCs, HWSB, Methyl Mercury 60% - 140%

Dioxins & Furans 50% - 150%

Metals and Inorganics, FOC 70% - 130%

Laboratory Duplicates (RPD)

Mandatory: Minimum of 1 in a batch of 15 or 20 

samples; or at an average frequency of at least 5% of 

total samples.

Laboratory Reference Samples During validation; optional otherwise.

Surrogate Recovery
Optional quality control; ideally to be included with 

every organic analysis.

CPs, PFOS, PAHs, 1,4-Dioxane, VOCs, 

THMs, BTEX
50% - 140%

PHCs 60% - 140%

LABORATORY

BRITISH COLUMBIA QA/QC INTERPRETATION GUIDE - ENVIRONMENTAL SERVICES                  

Application and 

Regulatory Criteria

Used for most analytical parameters.

Maxxam recommends using the alert criteria listed here (adopted from 

the new CCME Analytical Protocol). Re-extract/re-analyse all associated 

samples, if possible. If not, report the data flagged for all failing 

analytes. Re-analysis is performed if the LCS in a single analyte test or > 

10% of the analytes in a multielement scan are outside the control 

limits by > 10% absolute.

A laboratory control sample free of the target analytes or 

interferences is fortified with a known concentration of all or 

selected target analytes.  The blank spike is processed through the 

entire analytical method including any extraction, digestion or any 

other preparation procedure.  Results are expressed as a 

percentage recovery.

Monitors analyte recovery and potential loss during 

the preparation procedures (extraction efficiency). It 

also serves to validate the calibration of the 

instrumentation or technique.

Used for most analytical parameters.

In general, target analytes should be less than (<) the reporting detection limit (RDL). 

However, detectable levels of the analyte <2x the reporting detection limit (RDL) may 

still be reported. 

If the level of the blank is less than 10% of the sample concentration or 

the sample concentration is significantly below the regulatory limit, this 

level of contamination would not be considered significant and would 

not affect data usability. 

Analytes present in the blank but not detected in the sample can be 

ignored.

Used for most analytical procedures. Matrix spike alert criteria apply when the MS 

target concentration is ≥ the native analyte concentration.
Evaluates any “matrix effects” that may exist in a 

sample due to its composition that may affect the 

recovery of analytes.  An example is the presence of 

peat in soils, which tends to adsorb analytes such as 

benzene resulting in a poor matrix spike recovery.

A second aliquot from a randomly chosen sample is fortified with a 

known concentration of target analytes.  The sample is processed 

through the entire analytical method.  Results are expressed as a 

percentage recovery.

Maxxam recommends using the alert criteria listed here (adopted from 

the new CCME Analytical Protocol). Re-analysis of the Matrix Spike is 

performed if the Matrix Spike for a single analyte test or 10% of the 

analytes in a multielement scan  are outside the control limits by > 10% 

absolute. It should be noted that higher levels of uncertainty in the data 

are associated with situations when native analyte concentrations are > 

MS concentrations.

When concentrations are <5xMDL, the difference shall not be >2xRDL. (The Ministry 

may establish less rigorous criteria for specific tests known to be imprecise). 

Applicable for all analytical parameters determined by Gas Chromatography or HPLC 

techniques. 

Surrogates are deuterated analogues or compounds not normally 

found in nature but have chemical and physical behaviour similar to 

the analytes of interest.  Known surrogate concentrations are 

added to samples prior to analysis and recoveries are calculated 

and expressed as a percentage.

Monitors the efficiency of organic extractions, 

instrument performance and provides within-run 

quality control.

Maxxam recommends using the alert criteria listed here (adopted from 

the new CCME Analytical Protocol). Repeat the analysis or qualify data, 

if interferences are suspected.  

A second aliquot from a randomly chosen sample within an 

analytical batch processed through the entire analytical method.  

Laboratory duplicates are expressed as the Relative Percent 

Difference (RPD) between the two results.

Evaluates analytical precision and sample 

homogeneity.

Maxxam uses and recommends 2 to 5xRDL for each sample 

concentration, in order for RPDs to be calculated. This alert criteria 

results in less uncertainty for concentrations close to the RDL. The 

laboratory will repeat affected sample.  If still not acceptable, inspect 

for homogeneity and qualify data appropriately. 

Purchased or prepared samples that have been certified by a 

recognized agency to contain specified levels of selected 

constituents, when measured by specified standard procedures. 

Results are expressed as a percentage of the design value.

Applicable for all analytical parameters where CRMs are commercially available.  

Acceptable recovery ranges are provided by the supplier. Ideally, should be within 85-

115% of the long-term mean / design value / certified target value. Recommended to 

use control charts, especially for organic contaminants; values should ultimately be no 

more than ±3 standard deviations of the mean / design / target value. 

Repeat the analysis for all samples in the batch, if CRM % recovery is 

outside control limits.

Used for validating the performance of a method 

including precision, extraction or digestion efficiency. 

Preferably these are Certified Reference Materials 

(CRM); if these are not practical, spikes or surrogates 

may be used instead.
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QA/QC Sample Type Frequency and Purpose Recommended Actions

BRITISH COLUMBIA QA/QC INTERPRETATION GUIDE - ENVIRONMENTAL SERVICES                  

Application and 

Regulatory Criteria

Blind Duplicates Minimum of 1 field duplicate per sample set (per site). 

Trip Blank Mandatory: 1 per water submission. 

Trip Spike Optional: 1 per VOC water monitoring program. 

Field Blank
Mandatory: 1 per set of environmental or monitoring  

program 

Blind Known

Contact and engage the laboratory for assistance in qualifying the data. 

Analyze the laboratory trip blank duplicate retained by the laboratory. 

While the BC MOE guidelines acknowledge Trip Blanks as acceptable 

additional QC samples, specific alert limits are not indicated.

It should be expected that the RPD is larger than laboratory duplicate samples. 

Applicable when concentrations of the two samples are ≥5xRDL. 
Evaluate laboratory QC, homogenization procedures and field collection 

technique.  Contact the laboratory as soon as possible. Although 

specific regulatory guidance on field duplicate RPDs is not provided, it is 

generally acceptable to apply laboratory duplicate criteria, as an initial 

step. Site-specific considerations should be evaluated by the QP, 

beyond this (i.e.. soil heterogeneity, etc.) to assess the feasibility of 

wider criteria. 

Evaluates analytical precision, field precision and 

sample homogeneity. Has limited use for samples that 

cannot be homogenized (i.e. VOCs in soil).  Field 

duplicates are Optional for effluents known to be 

highly stable and homogenous. Mandatory for 

unstable heterogeneous effluents and all 

environmental samples. 

A second sample is collected at the same time and location in 

separate containers.  Samples are homogenized where possible (i.e. 

alternate filling of sample and duplicate for waters and bowl mixing 

for soils).  Samples are submitted to the laboratory without 

identifying them as duplicates. VOCs in soil should not be 

homogenized. 

RPD values >20% indicate a possible problem;                                                                                                       

RPD values >50% indicate a definite problem (contamination or lack of sample 

representativeness).

Vinyl Chloride, Bromomethane, 

Chloromethane, Freon-12, Acetone, MIK 

& MIBK

50% - 140%

A sample of analyte free media (supplied by the laboratory) taken 

to the site and returned to the laboratory unopened.  The 

laboratory prepares the trip blank. A duplicate of the trip blank 

prepared at the same time is retained at the laboratory in a 

contaminant free location.

Identifies any potential cross-contamination that may 

occur from other samples, ambient conditions, or 

other sources that samples may be exposed.

Evaluate the impact on data for results >2x the RDL or that that approaches the 

concentration reported in the sample.

FIELD

Ideal for long holding time tests such as metals in soil.  Submission of the same blind 

known multiple times during a large project provides excellent monitoring of the 

laboratory precision and accuracy.  Acceptable recovery ranges are provided by the 

supplier.

Contact the laboratory.A purchased CRM (see above) or a sample previously analyzed by 

an accredited laboratory multiple times is submitted to the 

laboratory blind.  

Optional: Recommended 1 per remediation or large 

project. Evaluates laboratory accuracy and precision.

Evaluate any hits found in the sample that were also found in the trip 

blank. It should be noted that Field Blanks are optional for effluent 

monitoring programs known to have high concentration of target 

analytes but should be used for environmental and monitoring 

programs with parameters known to having low permit limits. 

Supplied by the laboratory and prepared in the field by filling 

container with analyte free water.  

Determines if the field or transporting environments 

have contaminated the sample. 
Should not be significantly greater in concentration nor occurrence than laboratory 

method blank contamination.

Applicable for most parameters.

Please note that in the absence of Regulatory prescribed warning or 

alert limits, Maxxam recommends these alert limits. Review storage 

conditions, temperatures of samples upon receipt if an exceedance of 

the alert limits is registered.

A sample prepared by the laboratory that is fortified with a known 

concentration of target analytes.  This sample is shipped along with 

containers and is to be taken into the field, but returned unopened 

to the laboratory.  Analysis is conducted and recoveries are 

reported expressed as a percentage.

Monitors the breakdown or loss of analytes during the 

sampling process.  Holding time, and temperature 

effects on concentration can be accessed.

Usually volatile organics in water. May be applied to other analyses. 

Majority of VOCs 60% - 130%
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Maxxam Laboratory Detection Limits

Parameter DL Units

Misc. Inorganics

Acidity (pH 4.5) 0.50 mg/L

Acidity (pH 8.3) 0.50 mg/L

Calculated Parameters

Total Hardness (CaCO3) 0.50 mg/LTotal Hardness (CaCO3) 0.50 mg/L

Nitrate (N) 0.0020 mg/L

Misc. Inorganics

Dissolved Hardness (CaCO3) 0.0020 mg/L

Alkalinity (Total as CaCO3) 0.50 mg/L

Alkalinity (PP as CaCO3) 0.50 mg/L

Bicarbonate (HCO3) 0.50 mg/L

Carbonate (CO3) 0.50 mg/L

Hydroxide (OH) 0 50 mg/LHydroxide (OH) 0.50 mg/L

Anions

Orthophosphate (P) 0.0010 mg/L

Dissolved Sulphate (SO4) 0.50 mg/L

Dissolved Chloride (Cl) 0.50 mg/L

Nutrients

Dissolved Phosphorus 0.0020 mg/L

Ammonia (N) 0.0050 mg/L

( ) /Nitrate plus Nitrite (N) 0.50 mg/L

Nitrite (N) 0.50 mg/L

Physical Properties

Conductivity 1.0 uS/cm

pH N/A pH

Total Suspended Solids 1.0 mg/L

Turbidity 0.10 NTU

Dissolved Metals by ICPMSy

Dissolved Aluminum (Al) 0.00050 mg/L

Dissolved Antimony (Sb) 0.000020 mg/L

Dissolved Arsenic (As) 0.000020 mg/L

Dissolved Barium (Ba) 0.000020 mg/L

Dissolved Beryllium (Be) 0.000010 mg/L

Dissolved Bismuth (Bi) 0.0000050 mg/L

Dissolved Boron (B) 0.050 mg/L

Dissolved Cadmium (Cd) 0.0000050 mg/LDissolved Cadmium (Cd) 0.0000050 mg/L

Dissolved Chromium (Cr) 0.00010 mg/L

Dissolved Cobalt (Co) 0.0000050 mg/L

Dissolved Copper (Cu) 0.000050 mg/L

Dissolved Iron (Fe) 0.0010 mg/L

Dissolved Lead (Pb) 0.0000050 mg/L

Dissolved Lithium (Li) 0.00050 mg/L

Dissolved Manganese (Mn) 0.000050 mg/L

Dissolved Molybdenum (Mo) 0 000050 mg/LDissolved Molybdenum (Mo) 0.000050 mg/L

Dissolved Nickel (Ni) 0.000020 mg/L

Dissolved Phosphorus (P) 0.0020 mg/L

Dissolved Selenium (Se) 0.000040 mg/L

Dissolved Silicon (Si) 0.10 mg/L

Dissolved Silver (Ag) 0.0000050 mg/L

Dissolved Strontium (Sr) 0.000050 mg/L

Dissolved Thallium (Tl) 0.0000020 mg/L



Maxxam Laboratory Detection Limits

Dissolved Tin (Sn) 0.00020 mg/L

Dissolved Titanium (Ti) 0.00050 mg/L

Dissolved Uranium (U) 0.0000020 mg/L

Dissolved Vanadium (V) 0.00020 mg/L

Dissolved Zinc (Zn) 0.00010 mg/L

Dissolved Zirconium (Zr) 0.00010 mg/L

Dissolved Calcium (Ca) 0.050 mg/L

Dissolved Magnesium (Mg) 0.050 mg/LDissolved Magnesium (Mg) 0.050 mg/L

Dissolved Potassium (K) 0.050 mg/L

Dissolved Sodium (Na) 0.050 mg/L

Dissolved Sulphur (S) 3.0 mg/L

Dissolved Mercury by CVAF

Dissolved Mercury  0.000002 mg/L

Total Metals by ICPMS

Total Aluminum (Al) 0.00050 mg/L

Total Antimony (Sb) 0 000020 mg/LTotal Antimony (Sb) 0.000020 mg/L

Total Arsenic (As) 0.000020 mg/L

Total Barium (Ba) 0.000020 mg/L

Total Beryllium (Be) 0.000010 mg/L

Total Bismuth (Bi) 0.0000050 mg/L

Total Boron (B) 0.050 mg/L

Total Cadmium (Cd) 0.0000050 mg/L

Total Chromium (Cr) 0.00010 mg/L

T l C b l (C ) 0 0000050 /LTotal Cobalt (Co) 0.0000050 mg/L

Total Copper (Cu) 0.000050 mg/L

Total Iron (Fe) 0.0010 mg/L

Total Lead (Pb) 0.0000050 mg/L

Total Lithium (Li) 0.00050 mg/L

Total Manganese (Mn) 0.000050 mg/L

Total Molybdenum (Mo) 0.000050 mg/L

Total Nickel (Ni) 0.000020 mg/L

Total Phosphorus (P) 0.0020 mg/L

Total Selenium (Se) 0.000040 mg/L

Total Silicon (Si) 0.10 mg/L

Total Silver (Ag) 0.0000050 mg/L

Total Strontium (Sr) 0.000050 mg/L

Total Thallium (Tl) 0.0000020 mg/L

Total Tin (Sn) 0.00020 mg/L

Total Titanium (Ti) 0.00050 mg/LTotal Titanium (Ti) 0.00050 mg/L

Total Uranium (U) 0.0000020 mg/L

Total Vanadium (V) 0.00020 mg/L

Total Zinc (Zn) 0.00010 mg/L

Total Zirconium (Zr) 0.00010 mg/L

Total Calcium (Ca) 0.050 mg/L

Total Magnesium (Mg) 0.050 mg/L

Total Potassium (K) 0.050 mg/L

Total Sodium (Na) 0 050 mg/LTotal Sodium (Na) 0.050 mg/L

Total Sulphur (S) 3.0 mg/L

Total Mercury by CVAF

Total Mercury 0.000002 mg/L

Microbiological Parameters

E. Coli 1 CFU/100 mL

Total Coliforms 1 CFU/100 mL



1

Criteria Criteria Criteria Criteria Criteria
DATE SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded?

Jan-16 WQ-TSF Spill WQ-BXL WQ-25 3 0 WQ-01 2 0 WQ-14F 6 1 TRUE
Feb-16 WQ-TSF Spill WQ-BXL WQ-25 3 0 WQ-01 1 0 WQ-14F 5 2 TRUE
Mar-16 WQ-TSF Spill WQ-BXL WQ-25 2 0 WQ-01 1 0 WQ-14F 5 1 TRUE
Apr-16 WQ-TSF Spill WQ-BXL 5 WQ-25 1 0 WQ-01 3 1 WQ-14F 12 4 TRUE
May-16 WQ-TSF Spill WQ-BXL 5 1 TRUE WQ-25 2 1 WQ-01 5 0 TRUE WQ-14F 4 1
Jun-16 WQ-TSF Spill WQ-BXL 10 1 TRUE WQ-25 2 0 WQ-01 1 0 WQ-14F 2 1
Jul-16 WQ-TSF Spill WQ-BXL 23 1 TRUE WQ-25 3 0 WQ-01 2 0 WQ-14F 2 1
Aug-16 WQ-TSF Spill WQ-BXL 6 WQ-25 5 0 TRUE WQ-01 3 0 WQ-14F 4 1
Sep-16 WQ-TSF Spill WQ-BXL 12 1 TRUE WQ-25 5 1 TRUE WQ-01 1 0 WQ-14F 6 2 TRUE
Oct-16 WQ-TSF Spill WQ-BXL 5 5 WQ-25 1 1 WQ-01 1 0 WQ-14F 14 2 TRUE
Nov-16 WQ-TSF Spill WQ-BXL 3 3 WQ-25 1 1 WQ-01 0 0 WQ-14F 4 5
Dec-16 WQ-TSF Spill WQ-BXL WQ-25 1 0 WQ-01 1 0 WQ-14F 3 4
Jan-16 WQ-TSP 3 0 WQ-WCSP 2 1 WQ-04 WQ-13 WQ-18 3 1
Feb-16 WQ-TSP 0 0 WQ-WCSP 2 1 WQ-04 WQ-13 WQ-18 1 0
Mar-16 WQ-TSP 3 0 WQ-WCSP 1 1 WQ-04 1 0 WQ-13 10 2 TRUE WQ-18 0 0
Apr-16 WQ-TSP 8 2 TRUE WQ-WCSP 14 3 TRUE WQ-04 WQ-13 WQ-18 6 2 TRUE
May-16 WQ-TSP 2 0 WQ-WCSP 33 3 TRUE WQ-04 2 1 WQ-13 4 1 WQ-18 7 1 TRUE
Jun-16 WQ-TSP 1 0 WQ-WCSP 9 3 TRUE WQ-04 1 WQ-13 1 WQ-18 1 0
Jul-16 WQ-TSP 4 1 WQ-WCSP 2 1 WQ-04 1 WQ-13 2 WQ-18 1 0
Aug-16 WQ-TSP 6 0 TRUE WQ-WCSP 6 1 TRUE WQ-04 2 0 WQ-13 3 1 WQ-18 3 1
Sep-16 WQ-TSP 6 0 TRUE WQ-WCSP 3 2 WQ-04 1 WQ-13 2 WQ-18 2 1
Oct-16 WQ-TSP 1 1 WQ-WCSP 2 3 WQ-04 0 0 WQ-13 1 1 WQ-18 1 1
Nov-16 WQ-TSP 1 0 WQ-WCSP 2 1 WQ-04 WQ-13 WQ-18 1 0
Dec-16 WQ-TSP 1 0 WQ-WCSP 2 4 WQ-04 WQ-13 WQ-18 2 1
Jan-16 WQ-SRP 1 0 WQ-SDDI WQ-03 2 0 WQ-17 2 0
Feb-16 WQ-SRP 2 0 WQ-SDDI WQ-03 2 0 WQ-17 2 0
Mar-16 WQ-SRP 1 0 WQ-SDDI 1 0 WQ-03 1 0 WQ-17 1 0
Apr-16 WQ-SRP 1 0 WQ-SDDI WQ-03 3 1 WQ-17 7 2 TRUE
May-16 WQ-SRP 1 0 WQ-SDDI 3 0 WQ-03 4 1 WQ-17 4 1
Jun-16 WQ-SRP 0 0 WQ-SDDI 2 WQ-03 2 0 WQ-17 1 0
Jul-16 WQ-SRP 3 0 WQ-SDDI 2 WQ-03 2 0 WQ-17 1 0
Aug-16 WQ-SRP 4 0 WQ-SDDI 4 0 WQ-03 4 0 WQ-17 3 0
Sep-16 WQ-SRP 2 0 WQ-SDDI 8 WQ-03 1 0 WQ-17 2 1
Oct-16 WQ-SRP 0 0 WQ-SDDI 0 1 WQ-03 0 0 WQ-17 0 1
Nov-16 WQ-SRP 0 0 WQ-SDDI WQ-03 1 0 WQ-17 1 0
Dec-16 WQ-SRP 2 0 WQ-SDDI WQ-03 2 0 WQ-17 2 1
Jan-16 WQ-23a WQ-24 WQ-EC 1 0 WQ-RCb
Feb-16 WQ-23a WQ-24 WQ-EC 1 0 WQ-RCb
Mar-16 WQ-23a 4 1 WQ-24 1 0 WQ-EC 0 0 WQ-RCb 6 0 TRUE
Apr-16 WQ-23a WQ-24 WQ-EC 2 0 WQ-RCb
May-16 WQ-23a 3 1 WQ-24 8 2 TRUE WQ-EC 1 1 WQ-RCb 1 0
Jun-16 WQ-23a 4 WQ-24 3 WQ-EC 2 0 WQ-RCb 0
Jul-16 WQ-23a 3 WQ-24 4 WQ-EC 7 0 TRUE WQ-RCb 1
Aug-16 WQ-23a 6 0 TRUE WQ-24 4 0 WQ-EC 2 0 WQ-RCb 3 0
Sep-16 WQ-23a 3 WQ-24 16 WQ-EC 1 1 WQ-RCb 1
Oct-16 WQ-23a 1 1 WQ-24 0 0 WQ-EC 1 1 WQ-RCb 0 0
Nov-16 WQ-23a WQ-24 WQ-EC 0 0 WQ-RCb
Dec-16 WQ-23a WQ-24 WQ-EC 1 0 WQ-RCb

Detection Limit of Field Instrument (NTU) =

QUALITY ASSURANCE DATA
Field Turbidity Versus Lab Turbidity



2

Criteria Criteria Criteria Criteria Criteria
DATE SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded?
Jan-16 WQ-TSF Spill WQ-BXL WQ-25 634 629 WQ-01 340 332 WQ-14F 751 728
Feb-16 WQ-TSF Spill WQ-BXL WQ-25 649 628 WQ-01 324 325 WQ-14F 735 688
Mar-16 WQ-TSF Spill WQ-BXL WQ-25 656 591 WQ-01 337 323 WQ-14F 726 672
Apr-16 WQ-TSF Spill WQ-BXL 254 WQ-25 454 446 WQ-01 260 258 WQ-14F 678 383 TRUE
May-16 WQ-TSF Spill WQ-BXL 281 231 WQ-25 485 246 TRUE WQ-01 143 124 WQ-14F 530 508
Jun-16 WQ-TSF Spill WQ-BXL 263 248 WQ-25 236 200 WQ-01 131 118 WQ-14F 470 459
Jul-16 WQ-TSF Spill WQ-BXL 240 235 WQ-25 324 246 TRUE WQ-01 138 125 WQ-14F 496 479
Aug-16 WQ-TSF Spill WQ-BXL 286 WQ-25 491 344 TRUE WQ-01 286 184 TRUE WQ-14F 662 521 TRUE
Sep-16 WQ-TSF Spill WQ-BXL 409 332 TRUE WQ-25 415 541 TRUE WQ-01 250 198 TRUE WQ-14F 691 591
Oct-16 WQ-TSF Spill WQ-BXL 310 261 WQ-25 501 419 WQ-01 210 187 WQ-14F 636 528
Nov-16 WQ-TSF Spill WQ-BXL 288 282 WQ-25 583 562 WQ-01 305 289 WQ-14F 704 667
Dec-16 WQ-TSF Spill WQ-BXL WQ-25 572 548 WQ-01 321 306 WQ-14F 772 732
Jan-16 WQ-TSP 708 699 WQ-WCSP 979 1020 WQ-04 WQ-13 WQ-18 151 159
Feb-16 WQ-TSP 706 686 WQ-WCSP 1060 1010 WQ-04 WQ-13 WQ-18 159 157
Mar-16 WQ-TSP 695 678 WQ-WCSP 1020 1030 WQ-04 126 124 WQ-13 93 93 WQ-18 179 174
Apr-16 WQ-TSP 626 612 WQ-WCSP 637 616 WQ-04 WQ-13 WQ-18 139 140
May-16 WQ-TSP 690 684 WQ-WCSP 595 220 TRUE WQ-04 120 82 TRUE WQ-13 57 51 WQ-18 81 72
Jun-16 WQ-TSP 687 644 WQ-WCSP 530 358 TRUE WQ-04 95 WQ-13 65 WQ-18 89 84
Jul-16 WQ-TSP 668 470 TRUE WQ-WCSP 583 509 WQ-04 96 WQ-13 71 WQ-18 93 92
Aug-16 WQ-TSP 794 627 TRUE WQ-WCSP 980 763 TRUE WQ-04 137 115 WQ-13 97 79 WQ-18 161 120 TRUE
Sep-16 WQ-TSP 823 647 TRUE WQ-WCSP 1030 902 WQ-04 139 WQ-13 94 WQ-18 350 116 TRUE
Oct-16 WQ-TSP 736 620 WQ-WCSP 1000 899 WQ-04 126 110 WQ-13 85 80 WQ-18 112 100
Nov-16 WQ-TSP 674 666 WQ-WCSP 874 862 WQ-04 WQ-13 WQ-18 141 138
Dec-16 WQ-TSP 706 664 WQ-WCSP 871 716 WQ-04 WQ-13 WQ-18 169 164
Jan-16 WQ-SRP 577 564 WQ-SDDI WQ-03 318 314 WQ-17 166 165
Feb-16 WQ-SRP 566 555 WQ-SDDI WQ-03 390 376 WQ-17 141 150
Mar-16 WQ-SRP 581 562 WQ-SDDI 166 163 WQ-03 453 439 WQ-17 176 170
Apr-16 WQ-SRP 540 544 WQ-SDDI WQ-03 269 269 WQ-17 145 152
May-16 WQ-SRP 483 463 WQ-SDDI 90 77 WQ-03 143 118 WQ-17 96 90
Jun-16 WQ-SRP 492 453 WQ-SDDI 82 WQ-03 139 139 WQ-17 91 92
Jul-16 WQ-SRP 470 466 WQ-SDDI 104 WQ-03 148 130 WQ-17 106 103
Aug-16 WQ-SRP 608 509 WQ-SDDI 162 137 WQ-03 255 199 TRUE WQ-17 159 144
Sep-16 WQ-SRP 620 531 WQ-SDDI 144 WQ-03 266 233 WQ-17 162 141
Oct-16 WQ-SRP 601 503 WQ-SDDI 160 138 WQ-03 243 209 WQ-17 147 149
Nov-16 WQ-SRP 547 531 WQ-SDDI WQ-03 354 342 WQ-17 146 143
Dec-16 WQ-SRP 548 531 WQ-SDDI WQ-03 398 395 WQ-17 162 156
Jan-16 WQ-23a WQ-24 WQ-EC 134 134 WQ-RCb
Feb-16 WQ-23a WQ-24 WQ-EC 137 135 WQ-RCb
Mar-16 WQ-23a 121 118 WQ-24 212 207 WQ-EC 140 137 WQ-RCb 131 123
Apr-16 WQ-23a WQ-24 WQ-EC 173 152 WQ-RCb
May-16 WQ-23a 198 89 TRUE WQ-24 184 90 TRUE WQ-EC 123 121 WQ-RCb 71 65
Jun-16 WQ-23a 61 WQ-24 139 WQ-EC 98 98 WQ-RCb 109
Jul-16 WQ-23a 69 WQ-24 131 WQ-EC 110 107 WQ-RCb 105
Aug-16 WQ-23a 132 84 TRUE WQ-24 194 175 WQ-EC 141 124 WQ-RCb 839 119 TRUE
Sep-16 WQ-23a 130 WQ-24 188 WQ-EC 142 127 WQ-RCb 135
Oct-16 WQ-23a 131 115 WQ-24 157 136 WQ-EC 161 133 WQ-RCb 120 105
Nov-16 WQ-23a WQ-24 WQ-EC 153 242 TRUE WQ-RCb
Dec-16 WQ-23a WQ-24 WQ-EC 141 134 WQ-RCb

Detection Limit of Field Instrument (uS/cm) =

Field Conductivity Versus Lab Conductivity
QUALITY ASSURANCE DATA



1

Criteria Criteria Criteria Criteria Criteria
DATE SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded? SITE Field Lab Exceeded?
Jan-16 WQ-TSF Spill WQ-BXL WQ-25 8 8 WQ-01 7 8 WQ-14F 8 8
Feb-16 WQ-TSF Spill WQ-BXL WQ-25 7 8 WQ-01 7 8 WQ-14F 8 8
Mar-16 WQ-TSF Spill WQ-BXL WQ-25 7 8 WQ-01 7 8 WQ-14F 7 8
Apr-16 WQ-TSF Spill WQ-BXL 7 WQ-25 7 8 WQ-01 7 8 WQ-14F 7 8
May-16 WQ-TSF Spill WQ-BXL 7 8 WQ-25 7 8 WQ-01 7 8 WQ-14F 7 8
Jun-16 WQ-TSF Spill WQ-BXL 7 8 WQ-25 7 8 WQ-01 7 8 WQ-14F 7 8
Jul-16 WQ-TSF Spill WQ-BXL 7 8 WQ-25 7 8 WQ-01 7 8 WQ-14F 7 8
Aug-16 WQ-TSF Spill WQ-BXL 7 WQ-25 8 8 WQ-01 7 8 WQ-14F 9 8
Sep-16 WQ-TSF Spill WQ-BXL 8 8 WQ-25 7 8 WQ-01 7 8 WQ-14F 8 8
Oct-16 WQ-TSF Spill WQ-BXL 7 8 WQ-25 7 8 WQ-01 7 8 WQ-14F 7 8
Nov-16 WQ-TSF Spill WQ-BXL 7 8 WQ-25 7 8 WQ-01 7 8 WQ-14F 8 8
Dec-16 WQ-TSF Spill WQ-BXL WQ-25 7 8 WQ-01 9 8 WQ-14F 8 8
Jan-16 WQ-TSP 7 8 WQ-WCSP 9 8 WQ-04 WQ-13 WQ-18 6 8
Feb-16 WQ-TSP 7 8 WQ-WCSP 10 8 WQ-04 WQ-13 WQ-18 6 8
Mar-16 WQ-TSP 7 8 WQ-WCSP 9 8 WQ-04 7 8 WQ-13 6 8 WQ-18 7 8
Apr-16 WQ-TSP 7 8 WQ-WCSP 12 8 TRUE WQ-04 WQ-13 WQ-18 7 8
May-16 WQ-TSP 7 8 WQ-WCSP 12 8 TRUE WQ-04 7 8 WQ-13 7 7 WQ-18 7 8
Jun-16 WQ-TSP 7 8 WQ-WCSP 10 8 WQ-04 7 WQ-13 7 WQ-18 7 8
Jul-16 WQ-TSP 7 8 WQ-WCSP 9 8 WQ-04 7 WQ-13 7 WQ-18 7 8
Aug-16 WQ-TSP 8 8 WQ-WCSP 10 8 WQ-04 8 8 WQ-13 12 8 TRUE WQ-18 7 8
Sep-16 WQ-TSP 7 8 WQ-WCSP 11 8 WQ-04 7 WQ-13 7 WQ-18 7 8
Oct-16 WQ-TSP 7 8 WQ-WCSP 9 8 WQ-04 7 8 WQ-13 7 8 WQ-18 7 8
Nov-16 WQ-TSP 7 8 WQ-WCSP 9 8 WQ-04 WQ-13 WQ-18 6 8
Dec-16 WQ-TSP 8 8 WQ-WCSP 10 8 WQ-04 WQ-13 WQ-18 7 8
Jan-16 WQ-SRP 7 8 WQ-SDDI WQ-03 8 8 WQ-17 6 8
Feb-16 WQ-SRP 6 8 WQ-SDDI WQ-03 7 8 WQ-17 6 8
Mar-16 WQ-SRP 6 8 WQ-SDDI 6 8 WQ-03 7 8 WQ-17 6 8
Apr-16 WQ-SRP 6 8 WQ-SDDI WQ-03 7 8 WQ-17 7 8
May-16 WQ-SRP 7 8 WQ-SDDI 6 7 WQ-03 7 8 WQ-17 7 8
Jun-16 WQ-SRP 7 8 WQ-SDDI 7 WQ-03 7 8 WQ-17 7 8
Jul-16 WQ-SRP 7 8 WQ-SDDI 7 WQ-03 7 8 WQ-17 7 8
Aug-16 WQ-SRP 7 8 WQ-SDDI 8 8 WQ-03 9 8 WQ-17 7 8
Sep-16 WQ-SRP 7 8 WQ-SDDI 7 WQ-03 7 8 WQ-17 7 8
Oct-16 WQ-SRP 7 8 WQ-SDDI 7 7 WQ-03 7 8 WQ-17 7 8
Nov-16 WQ-SRP 6 8 WQ-SDDI WQ-03 7 8 WQ-17 6 8
Dec-16 WQ-SRP 8 8 WQ-SDDI WQ-03 9 8 WQ-17 9 8
Jan-16 WQ-23a WQ-24 WQ-EC 7 8 WQ-RCb
Feb-16 WQ-23a WQ-24 WQ-EC 7 8 WQ-RCb
Mar-16 WQ-23a 7 8 WQ-24 7 8 WQ-EC 7 8 WQ-RCb 7 8
Apr-16 WQ-23a WQ-24 WQ-EC 7 8 WQ-RCb
May-16 WQ-23a 7 8 WQ-24 7 8 WQ-EC 7 8 WQ-RCb 7 8
Jun-16 WQ-23a 7 WQ-24 7 WQ-EC 7 8 WQ-RCb 7
Jul-16 WQ-23a 7 WQ-24 7 WQ-EC 7 8 WQ-RCb 7
Aug-16 WQ-23a 8 8 WQ-24 7 8 WQ-EC 8 8 WQ-RCb 9 8
Sep-16 WQ-23a 7 WQ-24 7 WQ-EC 7 8 WQ-RCb 8
Oct-16 WQ-23a 7 7 WQ-24 7 8 WQ-EC 7 8 WQ-RCb 7 8
Nov-16 WQ-23a WQ-24 WQ-EC 7 8 WQ-RCb
Dec-16 WQ-23a WQ-24 WQ-EC 8 8 WQ-RCb

QUALITY ASSURANCE DATA
Field pH Versus Lab pH

Detection Limit of Field Instrument =



DL = 1 DL = 1 DL = 0.1
Criteria Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F 731 728 8.21 8.22 2.5 2.7 1.46 1.46
23-Feb-16 WR-S4 796 792 8.20 8.15 1 -1 0.4 0.41
22-Mar-16 WQ-14F 681 672 8.14 8.12 1.9 1.5 1.54 1.43
18-Apr-16 WQ-WCSP 616 616 8.05 7.95 3.9 3.5 3.28 2.93
16-May-16 WQ-TSP 674 684 8.28 8.23 -1 1 0.3 0.4
14-Jun-16 WQ-01 117 118 7.86 7.87 1.1 -1 0.39 0.41
11-Jul-16 WQ-WCSP 510 509 8.16 8.14 1.5 1.3 0.85 0.96
8-Aug-16 WQ-TSP 625 627 8.11 8.03 -1 -1 0.34 0.38
6-Sep-16 WQ-17 135 139 7.82 7.90 -1 -1 0.36 0.38
4-Oct-16 WQ-14F 530 528 8.25 8.22 4 2.9 2.56 2.18

28-Nov-16 WQ-01 289 289 8.00 7.99 -1 -1 0.18 0.12
13-Dec-16 WQ-TSP 664 664 8.01 8.01 -1 -1 0.2 0.33

DL = 0.5 DL = 0.005 DL = 0.002 DL = 0.002
Criteria Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F 1.6 1.8 0.031 0.048 TRUE 11.800 11.800 0.013 0.012
23-Feb-16 WR-S4 2.2 2.4 0.014 0.011 15.900 15.800 0.005 -0.002
22-Mar-16 WQ-14F 2.2 1.9 0.019 0.020 11.800 11.400 0.010 0.010
18-Apr-16 WQ-WCSP 1.8 1.4 0.028 0.022 17.900 17.800 0.012 0.011
16-May-16 WQ-TSP 18.0 18.0 0.019 0.009 0.201 0.198 -0.002 -0.002
14-Jun-16 WQ-01 1.0 1.0 0.014 0.014 0.016 0.016 -0.002 0.003
11-Jul-16 WQ-WCSP 1.0 1.4 0.022 0.018 12.200 12.100 0.033 0.034
8-Aug-16 WQ-TSP 19.0 19.0 0.043 0.020 TRUE 0.155 0.147 -0.002 -0.002
6-Sep-16 WQ-17 1.6 1.5 0.046 0.028 TRUE 0.006 0.003 0.002 -0.002
4-Oct-16 WQ-14F 1.0 1.8 0.018 0.022 4.330 4.100 0.004 0.004

28-Nov-16 WQ-01 5.6 5.4 0.012 0.011 0.091 0.090 -0.002 -0.002
13-Dec-16 WQ-TSP 19.0 19.0 0.019 0.037 TRUE 0.167 0.174 -0.002 -0.002

DL = 0.002 DL = 0.001
Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F 0.007 0.007 0.003 0.002
23-Feb-16 WR-S4 0.007 0.008 0.005 0.005
22-Mar-16 WQ-14F 0.006 0.008 0.003 0.003
18-Apr-16 WQ-WCSP 0.015 0.016 0.004 0.004
16-May-16 WQ-TSP 0.003 0.004 0.003 0.003
14-Jun-16 WQ-01 0.003 0.003 0.002 0.002
11-Jul-16 WQ-WCSP 0.012 0.007 -0.001 -0.001
8-Aug-16 WQ-TSP 0.004 0.007 0.001 0.002
6-Sep-16 WQ-17 0.006 0.004 0.004 0.002
4-Oct-16 WQ-14F 0.010 0.010 0.001 0.001

28-Nov-16 WQ-01 0.003 -0.002 0.001 -0.001
13-Dec-16 WQ-TSP 0.003 0.003 0.003 0.004

Results are expressed as mg/L
DL = Detection Limit
RPD = Relative Percent Difference for Duplicate Samples
Criteria for Precision:  Difference between A and B <= I[(RPD% * Mean) + SQRT(2)*DL]I
                                   No Criteria Applied When Both A and B < 5 * DL 

(umhos/cm)
Conductivity

QUALITY ASSURANCE DATA
General Parameters

pH TSS
(mg/L)

PO4-TD
(mg/L)

PO4-DOP
(mg/L)

Field Duplicates Field Duplicates Field Duplicates

N-NH3 N-NO3Chloride
(mg/L)

Field Duplicates Field Duplicates

Field Duplicates

(mg/L)

Field Duplicates

(mg/L)

Field Duplicates

Turbidity
(NTU)

Field Duplicates

N-NO2

Field Duplicates

(mg/L)
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DL = 0.0002 DL = 0.00002 DL = 0.00002 DL = 0.00002
Criteria Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F 0.08 0.0738 0.000127 0.000149 0.000401 0.000425 0.0951 0.0958
23-Feb-16 WR-S4 0.0206 0.025 0.000123 0.000121 0.000648 0.000675 0.0925 0.0927
22-Mar-16 WQ-14F 0.032 0.0322 0.000115 0.000114 0.000348 0.000336 0.0875 0.0876
18-Apr-16 WQ-WCSP 0.187 0.187 0.000084 0.00009 0.000491 0.000469 0.0712 0.0691
16-May-16 WQ-TSP 0.0238 0.0201 0.000198 0.000194 0.000608 0.000609 0.0347 0.0388
14-Jun-16 WQ-01 0.0242 0.0248 0.000039 0.000038 0.000537 0.000556 0.0136 0.0133
11-Jul-16 WQ-WCSP 0.0792 0.0574 TRUE 0.000102 0.0001 0.000473 0.00046 0.0601 0.0621
8-Aug-16 WQ-TSP 0.0258 0.0071 TRUE 0.000265 0.000278 0.000766 0.0008 0.0346 0.0339
6-Sep-16 WQ-17 0.0197 0.0222 0.000034 0.000039 0.000246 0.000272 0.0134 0.0148
4-Oct-16 WQ-14F 0.15 0.0725 TRUE 0.000095 0.000095 0.000532 0.000489 0.0707 0.0659

28-Nov-16 WQ-01 0.00944 0.0117 0.000082 0.000077 0.000451 0.000438 0.0289 0.0284
13-Dec-16 WQ-TSP 0.0144 0.0077 TRUE 0.000214 0.000189 0.000615 0.000565 0.0372 0.0365

DL = 0.000005 DL = 0.0001 DL = 0.00005 DL = 0.001
Criteria Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F 0.000017 0.000039 TRUE 0.00014 0.00012 0.00137 0.00192 TRUE 0.219 0.197
23-Feb-16 WR-S4 0.000026 0.000015 -0.0001 0.00017 0.00117 0.00122 0.0512 0.0561
22-Mar-16 WQ-14F 0.000007 0.000006 -0.0001 -0.0001 0.00102 0.001 0.196 0.188
18-Apr-16 WQ-WCSP 0.000021 0.000039 TRUE -0.0005 -0.0005 0.00378 0.00378 0.262 0.257
16-May-16 WQ-TSP 0.000006 0.000006 -0.0001 -0.0001 0.00138 0.00129 0.0376 0.0358
14-Jun-16 WQ-01 0.000005 0.000006 0.0001 0.0001 0.000487 0.000538 0.027 0.031
11-Jul-16 WQ-WCSP 0.000013 0.000013 0.00023 0.00052 TRUE 0.00339 0.0035 0.117 0.0904 TRUE
8-Aug-16 WQ-TSP 0.000005 -0.000005 -0.0001 0.00014 0.000969 0.000623 TRUE 0.0251 0.0068 TRUE
6-Sep-16 WQ-17 -0.000005 -0.000005 -0.0001 0.00011 0.000677 0.000725 0.0638 0.0629
4-Oct-16 WQ-14F 0.000007 -0.000005 0.0002 0.00012 0.00198 0.00156 0.411 0.217 TRUE

28-Nov-16 WQ-01 0.000005 -0.000005 0.0001 0.00011 0.000576 0.000549 0.0101 0.0142 TRUE
13-Dec-16 WQ-TSP 0.000007 -0.000005 -0.0001 -0.0001 0.00119 0.00102 0.0205 0.0153 TRUE

DL = 0.000005 DL = 0.00005 DL = 0.00005 DL = 0.00004
Criteria Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F 0.000052 0.000079 TRUE 0.0221 0.0229 0.00687 0.00696 0.0644 0.0649
23-Feb-16 WR-S4 0.000017 0.00002 0.0125 0.0124 0.00836 0.00838 0.072 0.0718
22-Mar-16 WQ-14F 0.000022 0.000023 0.00997 0.00971 0.00571 0.00604 0.0635 0.0639
18-Apr-16 WQ-WCSP 0.000189 0.000174 0.0365 0.0354 0.00756 0.00738 0.0827 0.0799
16-May-16 WQ-TSP 0.000014 0.000013 0.114 0.107 0.104 0.104 0.000679 0.00065
14-Jun-16 WQ-01 0.000011 0.00001 0.00406 0.00373 0.00508 0.00511 0.00026 0.000255
11-Jul-16 WQ-WCSP 0.00005 0.000035 0.0142 0.0127 0.00689 0.0073 0.0659 0.0685
8-Aug-16 WQ-TSP 0.000014 0.000011 0.0501 0.00554 TRUE 0.126 0.129 0.000447 0.000439
6-Sep-16 WQ-17 0.000007 0.000011 0.00412 0.00414 0.0077 0.00816 0.000182 0.000189
4-Oct-16 WQ-14F 0.00008 0.000041 TRUE 0.0684 0.0386 TRUE 0.00423 0.00437 0.0301 0.0309

28-Nov-16 WQ-01 0.000005 -0.000005 0.00129 0.00179 TRUE 0.0341 0.0328 0.000467 0.000508
13-Dec-16 WQ-TSP 0.000008 -0.000005 0.15 0.161 0.126 0.116 0.000535 0.000517

DL = 0.000005 DL = 0.000002 DL = 0.0001
Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F -0.000005 -0.000005 0.000754 0.000782 0.00092 0.00233
23-Feb-16 WR-S4 -0.000005 -0.000005 0.000836 0.000835 0.00101 0.00076
22-Mar-16 WQ-14F -0.000005 -0.000005 0.000644 0.00067 0.00079 0.00055
18-Apr-16 WQ-WCSP -0.000005 0.000006 0.00017 0.000168 0.0017 0.0019
16-May-16 WQ-TSP -0.000005 -0.000005 0.00193 0.00189 0.00038 0.00044
14-Jun-16 WQ-01 -0.000005 -0.000005 0.000123 0.000119 0.00051 0.00042
11-Jul-16 WQ-WCSP -0.000005 -0.000005 0.000096 0.000105 0.00132 0.00094
8-Aug-16 WQ-TSP -0.000005 -0.000005 0.00154 0.0015 0.00029 0.00019
6-Sep-16 WQ-17 -0.000005 -0.000005 0.000134 0.000137 0.0003 0.00058
4-Oct-16 WQ-14F -0.00001 -0.00001 0.000523 0.000516 0.0013 0.0012

28-Nov-16 WQ-01 -0.000005 -0.000005 0.000565 0.000559 0.00045 0.00032
13-Dec-16 WQ-TSP -0.000005 -0.000005 0.00202 0.00193 0.00083 0.00019

Results are expressed as mg/L
DL = Detection Limit
RPD = Relative Percent Difference for Duplicate Samples
Criteria for Precision:  Difference between A and B <= I[(RPD% * Mean) + SQRT(2)*DL]I
                                   No Criteria Applied When Both A and B < 5 * DL 

Field Duplicates

Field Duplicates Field Duplicates Field Duplicates

Mn-T Mo-T
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Field Duplicates

Zn-T

Field Duplicates
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QUALITY ASSURANCE DATA
Total Metals
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Ba-T

Cd-T Cr-T Cu-T Fe-T

Field Duplicates Field Duplicates
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Pb-T

Field Duplicates Field Duplicates Field Duplicates



DL = 0.0002 DL = 0.00002 DL = 0.00002 DL = 0.00002
Criteria Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F 0.00557 0.00664 0.000134 0.000128 0.00031 0.00035 0.102 0.108
23-Feb-16 WR-S4 0.00259 0.00253 0.000118 0.000128 0.00064 0.00064 0.0956 0.0986
22-Mar-16 WQ-14F 0.00239 0.00183 0.000118 0.000101 0.00027 0.00027 0.0885 0.0855
18-Apr-16 WQ-WCSP 0.0232 0.0227 0.000075 0.000076 0.00035 0.00037 0.0715 0.0724
16-May-16 WQ-TSP 0.0013 0.00672 TRUE 0.000203 0.000199 0.00059 0.00057 0.0355 0.0343
14-Jun-16 WQ-01 0.00589 0.00568 0.000045 0.000042 0.00059 0.00055 0.0154 0.0138
11-Jul-16 WQ-WCSP 0.0192 0.0165 0.000107 0.000107 0.00046 0.00046 0.0676 0.0595
8-Aug-16 WQ-TSP 0.00151 0.00408 TRUE 0.000263 0.00027 0.00072 0.00075 0.0347 0.034
6-Sep-16 WQ-17 0.00669 0.0065 0.000035 0.000034 0.00023 0.00023 0.0155 0.0146
4-Oct-16 WQ-14F 0.00248 0.00251 0.000091 0.000089 0.00037 0.00033 0.0672 0.0664

28-Nov-16 WQ-01 0.00283 0.00297 0.000077 0.000077 0.00044 0.00046 0.0285 0.0294
13-Dec-16 WQ-TSP 0.00202 0.00146 0.000232 0.000215 0.00056 0.00062 0.0391 0.0357

DL = 0.000005 DL = 0.0001 DL = 0.00005 DL = 0.001
Criteria Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F -0.000005 -0.000005 -0.0001 -0.0001 0.0008 0.00088 0.0259 0.0137 TRUE
23-Feb-16 WR-S4 -0.000005 -0.000005 -0.0001 -0.0001 0.00098 0.00098 0.0122 0.0118
22-Mar-16 WQ-14F 0.000008 -0.000005 -0.0001 -0.0001 0.00086 0.00091 0.0255 0.0127 TRUE
18-Apr-16 WQ-WCSP 0.000016 0.000017 -0.0001 -0.0001 0.00282 0.00281 0.0475 0.0489
16-May-16 WQ-TSP 0.000006 0.000006 -0.0001 -0.0001 0.00103 0.0011 0.0015 0.0033
14-Jun-16 WQ-01 -0.000005 -0.000005 -0.0001 -0.0001 0.00045 0.00045 0.0034 0.0037
11-Jul-16 WQ-WCSP 0.000006 0.000006 -0.0001 -0.0001 0.00287 0.00287 0.0287 0.0179 TRUE
8-Aug-16 WQ-TSP 0.000007 0.000007 -0.0001 -0.0001 0.00069 0.00068 0.0016 0.0018
6-Sep-16 WQ-17 -0.000005 -0.000005 -0.0001 -0.0001 0.00058 0.00057 0.0243 0.0253
4-Oct-16 WQ-14F -0.000005 -0.000005 -0.0001 -0.0001 0.00117 0.00148 0.0127 0.0122

28-Nov-16 WQ-01 -0.000005 0.000006 -0.0001 -0.0001 0.0005 0.00053 0.0027 0.0028
13-Dec-16 WQ-TSP 0.000005 0.000008 -0.0001 -0.0001 0.00092 0.00075 0.0017 0.0033

DL = 0.000005 DL = 0.00005 DL = 0.00005 DL = 0.00004
Criteria Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F 0.000014 0.000006 0.00266 0.00288 0.00705 0.00724 0.0611 0.0627
23-Feb-16 WR-S4 -0.000005 -0.000005 0.0108 0.0108 0.00863 0.00904 0.072 0.0725
22-Mar-16 WQ-14F 0.000005 -0.000005 0.00294 0.0033 0.00593 0.00559 0.0616 0.061
18-Apr-16 WQ-WCSP 0.000015 0.000015 0.0301 0.0307 0.00795 0.00776 0.0931 0.0864
16-May-16 WQ-TSP -0.000005 0.000018 0.116 0.112 0.105 0.105 0.000621 0.000665
14-Jun-16 WQ-01 -0.000005 -0.000005 0.00137 0.00131 0.00514 0.00513 0.000246 0.000255
11-Jul-16 WQ-WCSP 0.000006 0.000005 0.000634 0.000448 TRUE 0.00808 0.0068 0.0668 0.0606
8-Aug-16 WQ-TSP -0.000005 -0.000005 0.054 0.0461 0.13 0.126 0.000431 0.000433
6-Sep-16 WQ-17 -0.000005 -0.000005 0.000132 0.000131 0.00823 0.00829 0.000159 0.000196
4-Oct-16 WQ-14F -0.000005 -0.000005 0.00106 0.00085 0.00443 0.00442 0.0273 0.0264

28-Nov-16 WQ-01 -0.000005 -0.000005 0.000625 0.000723 0.0333 0.0334 0.00048 0.000487
42717 WQ-TSP 0.00001 -0.000005 0.144 0.154 0.133 0.118 0.000548 0.000571

DL = 0.000005 DL = 0.000002 DL = 0.0001
Criteria Criteria Criteria

DATE SITE A B Exceeded? A B Exceeded? A B Exceeded?
26-Jan-16 WQ-14F -0.000005 -0.000005 0.000769 0.000805 0.00082 0.0002 TRUE
23-Feb-16 WR-S4 -0.000005 -0.000005 0.000877 0.000895 0.00022 0.00025
22-Mar-16 WQ-14F -0.000005 -0.000005 0.000663 0.000639 0.00065 0.00014 TRUE
18-Apr-16 WQ-WCSP -0.000005 -0.000005 0.000168 0.00017 0.00091 0.00034 TRUE
16-May-16 WQ-TSP -0.000005 -0.000005 0.00196 0.00201 0.00025 0.00069 TRUE
14-Jun-16 WQ-01 -0.000005 -0.000005 0.000111 0.000104 0.00023 0.0002
11-Jul-16 WQ-WCSP -0.000005 -0.000005 0.000101 0.000095 0.0002 0.00029
8-Aug-16 WQ-TSP -0.000005 -0.000005 0.00148 0.00145 0.00029 0.00061 TRUE
6-Sep-16 WQ-17 -0.000005 -0.000005 0.000111 0.000114 0.00016 0.00019
4-Oct-16 WQ-14F -0.000005 -0.000005 0.000549 0.000577 0.00011 0.00013

28-Nov-16 WQ-01 -0.000005 -0.000005 0.000574 0.000603 0.0003 0.00028
13-Dec-16 WQ-TSP -0.000005 -0.000005 0.00207 0.00195 0.00035 0.00657 TRUE

Results are expressed as mg/L
DL = Detection Limit
RPD = Relative Percent Difference for Duplicate Samples
Criteria for Precision:  Difference between A and B <= I[(RPD% * Mean) + SQRT(2)*DL]I
                                   No Criteria Applied When Both A and B < 5 * DL 

Se-D

Field Duplicates

U-D

Field Duplicates

Zn-D

Field Duplicates

Cd-D Cr-D Cu-D

Ag-D

Pb-D

Field Duplicates Field Duplicates Field Duplicates

Mn-D Mo-D

Fe-D

Field Duplicates

QUALITY ASSURANCE DATA
Dissolved Metals

Field Duplicates Field Duplicates Field Duplicates Field Duplicates

As-D

Field DuplicatesField Duplicates Field Duplicates Field Duplicates

Al-D Sb-D Ba-D
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TRAVEL BLANKS 1/26/2016 B606554 1.4 -1 -0.1 0.56 -0.005 0.0023 -0.002 -0.001 -0.002
TRAVEL BLANKS 2/23/2016 B614253 1.2 -1 -0.1 -0.5 -0.005 -0.002 -0.002 -0.001 -0.002
TRAVEL BLANKS 3/22/2016 B622656 1.2 -1 -0.1 -0.5 -0.005 -0.002 -0.002 -0.001 -0.002
TRAVEL BLANKS 4/20/2016 B629924 1.2 -1 -0.1 -0.5 0.0165 -0.002 -0.002 -0.001 -0.002
TRAVEL BLANKS 5/16/2016 B638923 -1 -1 -0.1 -0.5 -0.005 -0.002 -0.002 -0.001 -0.002
TRAVEL BLANKS 6/14/2016 B648374 -1 -1 0.16 0.55 -0.005 -0.002 -0.002 -0.001 -0.002
TRAVEL BLANKS 7/12/2016 B657622 1.1 -1 -0.1 0.61 -0.005 0.0034 -0.002 -0.001 -0.002
TRAVEL BLANKS 8/9/2016 B667253 1.2 -1 -0.1 1.1 -0.005 -0.002 -0.002 -0.001 0.0024
TRAVEL BLANKS 9/7/2016 B677455 1.1 -1 0.14 -0.5 -0.005 -0.002 -0.002 -0.001 -0.002
TRAVEL BLANKS 10/4/2016 B688301 1 -1 -0.1 -1 -0.005 -0.002 -0.002 -0.001 -0.002
TRAVEL BLANKS 11/29/2016 B6A7922 1.2 -1 -0.1 -0.5 -0.005 -0.002 -0.002 -0.001 -0.002
TRAVEL BLANKS 12/28/2016 B6B5051 1.1 -1 -0.1 0.81 -0.005 -0.002 -0.002 0.0013 -0.002

Numbers in bold indicate concentrations in excess of the lab detection limit

QUALITY ASSURANCE DATA
Travel Blanks - General Parameters



QA/QC Blanks - Total Metals
Sample Date Certificate T-Al T-Sb T-As T-Ba T-Be T-Cd T-Cr T-Cu T-Fe T-Pb T-Mn T-Mo T-Se T-Ag T-U T-V T-Zn

TRAVEL BLANKS 1/26/2016 B606554 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 2/23/2016 B614253 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 3/22/2016 B622656 0.00079 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 4/20/2016 B629924 0.00072 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 0.00012
TRAVEL BLANKS 5/16/2016 B638923 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 0.000002 -0.0002 0.00018
TRAVEL BLANKS 6/14/2016 B648374 0.00055 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 0.00012
TRAVEL BLANKS 7/12/2016 B657622 0.00073 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 8/9/2016 B667253 0.00064 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 0.0001
TRAVEL BLANKS 9/7/2016 B677455 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 10/4/2016 B688301 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 11/29/2016 B6A7922 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 12/28/2016 B6B5051 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -5E-06 -0.0001 -5E-05 -0.001 -0.000005 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
Numbers in bold indicate concentrations in excess of the lab detection limit

Travel Blanks - Total Metals
QUALITY ASSURANCE DATA



QA/QC Blanks - Diss'd Metals
Sample Date Certificate D-Al D-Sb D-As D-Ba D-Be D-Cd D-Cr D-Cu D-Fe D-Pb D-Mn D-Mo D-Se D-Ag D-U D-V D-Zn

TRAVEL BLANKS 1/26/2016 B606554 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 2/23/2016 B614253 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 3/22/2016 B622656 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 4/20/2016 B629924 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 5/16/2016 B638923 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 6/14/2016 B648374 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 7/12/2016 B657622 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 8/9/2016 B667253 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 9/7/2016 B677455 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 10/4/2016 B688301 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 11/29/2016 B6A7922 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001
TRAVEL BLANKS 12/28/2016 B6B5051 -0.0005 -0.00002 -0.00002 -0.00002 -0.00001 -0.000005 -0.0001 -0.00005 -0.001 -5E-06 -0.00005 -0.00005 -0.00004 -0.000005 -0.000002 -0.0002 -0.0001

Travel Blanks - Dissolved Metals
QUALITY ASSURANCE DATA



 
Calculated Water Quality Objectives for the Kemess South Project Area, by Stream (from Hallam 
Knight Piesold, 1996). 

Water Body Kemess 
Creek 

South Kemess 
Creek 

Waste Rock 
Drainage 

Attichika 
Creek 

Designated Water 
Uses 

Fisheries 
(Recreation, 

Drinking water at 
WQ-01) 

Aquatic Life 
Fisheries 

Aquatic Life Fisheries 
(Recreation, Drinking water at 

WQ-14) 

Aquatic Life Fisheries 
(Recreation, Drinking water at 
WQ-13, WQ-17, and WQ-18) 

Parameters     
Total Copper (30d)* 0.002 mg/L 0.004 mg/L 0.002 mg/L 0.003 mg/L 
Total Copper (Max)* 0.006 mg/L (J-A) 0.006 mg/L 0.008 mg/L (J-A) 0.005 mg/L 
 0.008 mg/L (M-D)  0.007 mg/L (M-D)  

Total Iron (Max)** 0.3 mg/L 0.3 mg/L 0.414 mg/L (April, May, June) 
0.3 mg/L (Rest of year) 

0.782 mg/L (April, May, June) 
0.3 mg/L (rest of year) 

Dissolved 
Aluminium 

0.066 mg/L (30d) 0.050 mg/L (30d) 0.050 mg/L (30d) 0.092 mg/L (30d) 
0.1 mg/L (Max) 0.1 mg/L (Max) 0.1 mg/L (Max) 0.1 mg/L (Max) 

Chlorophyll ‘a’ 100 mg/m2; 50 
mg/m2 at WQ-1 100 mg/m2 100 mg/m2

,
 50 mg/m2 at 

 WQ-14 
100 mg/m2

,
 50 mg/m2 at 

 WQ-13, WQ-17, WQ-18 

* Updated generic guidelines are available for Total Copper.  Updated guidelines may exceed the calculated site-specific values 
presented here, depending on the hardness concentration present at the time of sampling. 
** Updated guideline is available for Total Iron, which exceeds the calculated site-specific value presented here. 
  



Parameters with Background Levels that did not exceed the BC Water Quality Criteria. 

PARAMETER 
WQO* (Nagpal, 1994) UPDATED WQO* 

30-Day Average 
(mg/L) Maximum (mg/L) 30-Day Average (mg/L) Maximum (mg/L) 

Physical Tests    
pH 6.5-9.0  
Total Suspended 
Solids +10 or 10%  

Turbidity (NTU) +5 or 5%  
Dissolved Oxygen 6.5-9.0 (Salmonids)  
Oil and Grease Not Detectable by sight or smell  

     
Dissolved 

Anions     

Sulphate (SO4)  100 (AL)   
Chloride   150 (AL) 600 (AL), 250 (DW) 

     
Nutrients     

Ammonia Nitrate fn[pH&T]   fn[pH&T] 
Nitrate Nitrogen < 40 (AL) 200 (AL), 10 (DW) 3.0 (AL) 31.3 (AL, 10 (DW) 

Nitrite Nitrogen < 0.02 (D-Cl-
based) 0.06 (AL), 1 (DW)   

     
Total Metals     

Antimony  0.06 (DW), 0.05 (AL)  0.02 (AL-Ontario) 
Arsenic  0.05 (AL and DW)  0.005 (AL), 0.025 (DW) 
Barium  5 (AL), 1 (DW)   
Beryllium 0.0053 (AL) 0.004 (DW)   

Cadmium  0.0002 - 0.0018 (AL)  10(0.86*log(hardness) – 3.2), e.g., 
0.00001 @ 30 hardness 

Boron    1.2 (AL), 5.0 (DW) 
Chromium  0.002 - 0.02 (AL)   
Cobalt  0.05 (Irrigation)   
Iron    1.0 (Total), 0.35 (Dissolved) 

Lead fn[H] (0.004+) fn[H] (0.003+) 

When hardness < 8: 
None proposed When hardness < 8: 0.003 (AL) 

When hardness > 8: 
3.31 + e(1.273 ln(hardness) – 

4.704) 

When hardness > 8: e(1.273 

ln(hardness) – 4.704) – 1.460 

Manganese  0.1-1.0 (AL), 0.05 
(DW) 

(0.0044*hardness) + 
0.605 (0.01102*hardness) + 0.54 

Mercury  0.0001 0.00002 (AL, when 
MeHg = 0.5%) None proposed 

Molybdenum  2 (AL), 0.25 (DW) 1 (AL)  

Nickel  0.025-0.15 (AL) - 
fn[H}   

Selenium  0.002 0.002 (AL), 0.01 (DW)  

Silver  0.0001 

When hardness < 100: 
0.00005 (AL) 

When hardness < 100: 
0.0001 (AL) 

When hardness > 100: 
0.0015 (AL) 

When hardness > 100: 
0.003 (AL) 

Uranium  0.3 (AL), 0.1 (DW)   
Vanadium  10 (AL), 0.1 (DW) 0.02 (AL) 0.006 (AL-Ontario) 

Zinc  0.03 7.5 + (0.75*(hardness – 
90) 33 + (0.75*(hardness – 90) 

* Updated after Nagpal (1994), generally after 2001.  Transcribed from the Water Quality Guidelines (Criteria) Reports posted on the 
BC Ministry of Environment (Environmental Protection Division) website (accessed March 2010). 
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APPENDIX B 
Summary of Hydrology Information 



Date Time of 
reading

discharge 
per day 

(m3)
Date Time of 

reading

discharge 
per day 

(m3)
Date Time of 

reading

discharge 
per day 

(m3)
January 1, 2016 6:55 AM 10.04 February 29, 2016 6:42 AM 12.09 April 28, 2016 6:41 AM 3.95
January 2, 2016 6:42 AM 8.17 March 1, 2016 6:41 AM 8.10 April 29, 2016 6:36 AM 1.98
January 3, 2016 6:42 AM 10.10 March 2, 2016 6:38 AM 9.98 April 30, 2016 6:35 AM 5.99
January 4, 2016 6:43 AM 8.17 March 3, 2016 7:58 AM 8.06 May 1, 2016 6:38 AM 4.02
January 5, 2016 6:44 AM 10.33 March 4, 2016 6:41 AM 10.08 May 2, 2016 6:36 AM 1.98
January 6, 2016 6:41 AM 10.22 March 5, 2016 6:42 AM 8.15 May 3, 2016 6:42 AM 8.10
January 7, 2016 6:46 AM 7.96 March 6, 2016 6:46 AM 8.05 May 4, 2016 6:47 AM 4.04
January 8, 2016 6:42 AM 10.93 March 7, 2016 6:39 AM 9.99 May 5, 2016 7:10 AM 4.01
January 9, 2016 6:44 AM 9.32 March 8, 2016 6:39 AM 8.02 May 6, 2016 7:10 AM 2.02
January 10, 2016 6:44 AM 10.21 March 9, 2016 6:41 AM 12.15 May 7, 2016 7:05 AM 4.15
January 11, 2016 6:45 AM 8.03 March 10, 2016 7:15 AM 8.09 May 8, 2016 7:15 AM 19.69
January 12, 2016 6:39 AM 10.12 March 11, 2016 7:15 AM 10.05 May 9, 2016 7:15 AM 3.95
January 13, 2016 6:37 AM 10.27 March 12, 2016 7:15 AM 10.14 May 10, 2016 7:15 AM 1.91
January 14, 2016 6:32 AM 8.28 March 13, 2016 7:15 AM 10.12 May 11, 2016 7:15 AM 3.93
January 15, 2016 7:00 AM 10.04 March 14, 2016 7:15 AM 8.18 May 12, 2016 7:15 AM 3.85
January 16, 2016 7:10 AM 10.16 March 15, 2016 7:15 AM 10.11 May 13, 2016 7:15 AM 1.94
January 17, 2016 7:15 AM 10.24 March 16, 2016 7:15 AM 10.01 May 14, 2016 7:15 AM
January 18, 2016 7:15 AM 10.27 March 17, 2016 7:15 AM 9.94 May 15, 2016 7:15 AM 1.97
January 19, 2016 7:15 AM 10.35 March 18, 2016 7:15 AM 8.01 May 16, 2016 7:15 AM 8.07
January 20, 2016 7:10 AM 10.24 March 19, 2016 7:15 AM 10.13 May 17, 2016 7:15 AM 4.00
January 21, 2016 7:05 AM 10.18 March 20, 2016 7:15 AM 7.99 May 18, 2016 7:15 AM 18.17
January 22, 2016 7:15 AM 10.30 March 21, 2016 7:15 AM 9.99 May 19, 2016 6.20AM 3.95
January 23, 2016 7:15 AM 10.16 March 22, 2016 7:15 AM 10.09 May 20, 2016 6:40AM 4.00
January 24, 2016 7:15 AM 10.24 March 23, 2016 7:15 AM 9.98 May 21, 2016 6:45AM 3.91
January 25, 2016 7:15 AM 10.00 March 24, 2016 6:37 AM 10.10 May 22, 2016 6:50AM 1.93
January 26, 2016 7:00 AM 8.13 March 25, 2016 6:39 AM 10.07 May 23, 2016 7:00AM 3.92
January 27, 2016 7:15 AM 10.14 March 26, 2016 6:42 AM 9.94 May 24, 2016 7:00AM 3.95
January 28, 2016 6:42 AM 10.14 March 27, 2016 6:38 AM 8.06 May 25, 2016 7:00AM 1.96
January 29, 2016 6:39 AM 8.06 March 28, 2016 6:42 AM 10.00 May 26, 2016 8:35AM 3.93
January 30, 2016 6:37 AM 10.10 March 29, 2016 6:41 AM 10.04 May 27, 2016 7:00AM 3.98
January 31, 2016 6:43 AM 7.98 March 30, 2016 6:41 AM 10.19 May 28, 2016 8:00AM 8.02
February 1, 2016 6:38 AM 9.97 March 31, 2016 6:37 AM 0.00 May 29, 2016 7:30AM 3.96
February 2, 2016 6:44 AM 7.96 April 1, 2016 6:42 AM 0.00 May 30, 2016 7:30AM 10.00
February 3, 2016 6:38 AM 10.00 April 2, 2016 6:42 AM 0.00 May 31, 2016 7:50AM 3.89
February 4, 2016 6:37 AM 8.03 April 3, 2016 6:44 AM 14.24 June 1, 2016 8:00AM 2.04
February 5, 2016 6:38 AM 10.10 April 4, 2016 6:39 AM 14.40 June 2, 2016 6:45 AM 14.28
February 6, 2016 6:38 AM 8.09 April 5, 2016 6:39 AM 14.38 June 3, 2016 6:45 AM 10.05
February 7, 2016 6:39 AM 10.15 April 6, 2016 6:46 AM 18.35 June 4, 2016 6:30 AM 16.18
February 8, 2016 6:44 AM 8.09 April 7, 2016 7:15 AM 16.39 June 5, 2016 7:00 AM 9.83
February 9, 2016 6:36 AM 10.19 April 8, 2016 7:15 AM 16.52 June 6, 2016 7:10 AM 7.91
February 10, 2016 6:41 AM 10.25 April 9, 2016 7:15 AM 18.40 June 7, 2016 7:15 AM 7.87
February 11, 2016 7:10 AM 12.29 April 10, 2016 7:15 AM 18.69 June 8, 2016 6:50 AM 7.94
February 12, 2016 7:15 AM 10.33 April 11, 2016 7:15 AM 25.95 June 9, 2016 7:10 AM 7.83
February 13, 2016 7:15 AM 10.11 April 12, 2016 7:15 AM 14.18 June 10, 2016 7:10 AM 9.97
February 14, 2016 7:15 AM 10.23 April 13, 2016 7:00 AM 19.55 June 11, 2016 7:00 AM 8.00
February 15, 2016 7:15 AM 10.26 April 14, 2016 7:15 AM 16.82 June 12, 2016 7:00 AM 8.02
February 16, 2016 7:15 AM 8.47 April 15, 2016 7:15 AM 10.14 June 13, 2016 7:15 AM 5.99
February 17, 2016 7:15 AM 12.18 April 16, 2016 7:15 AM 7.95 June 14, 2016 7:00 AM 7.94
February 18, 2016 7:15 AM 10.79 April 17, 2016 7:15 AM 7.99 June 15, 2016 7:15 AM 7.94
February 19, 2016 7:15 AM 8.12 April 18, 2016 7:15 AM 16.33 June 16, 2016 6:35AM 5.92
February 20, 2016 7:15 AM 10.10 April 19, 2016 7:15 AM 58.78 June 17, 2016 6:45AM 5.91
February 21, 2016 7:00 AM 10.00 April 20, 2016 7:00 AM 9.91 June 18, 2016 7:10AM 11.98
February 22, 2016 7:15 AM 8.00 April 21, 2016 6:36 AM 12.12 June 19, 2016 7:10AM 14.20
February 23, 2016 7:15 AM 10.08 April 22, 2016 6:40 AM 10.10 June 20, 2016 6:45AM 7.92
February 24, 2016 7:15 AM 8.10 April 23, 2016 6:39 AM 10.00 June 21, 2016 6:45AM 7.90
February 25, 2016 6:39 AM 10.13 April 24, 2016 6:39 AM 5.98 June 22, 2016 6:45AM 12.06
February 26, 2016 6:44 AM 10.10 April 25, 2016 6:35 AM 6.02 June 23, 2016 7:15AM 12.03
February 27, 2016 6:42 AM 8.01 April 26, 2016 6:36 AM 4.02 June 24, 2016 7:00AM 16.09
February 28, 2016 6:43 AM 14.35 April 27, 2016 6:36 AM 1.93 June 25, 2016 6:45AM 14.13



Date Time of 
reading

discharge 
per day 

(m3)
Date Time of 

reading

discharge 
per day 

(m3)
Date Time of 

reading

discharge 
per day 

(m3)
June 26, 2016 7:30AM 0.00 August 29, 2016 7:15 AM 32.72 October 30, 2016 7:20 AM 1.95
June 27, 2016 7:00AM 0.00 August 30, 2016 7:20 AM 32.78 October 31, 2016 7:15 AM 1.92
June 29, 2016 August 31, 2016 7:15 AM 45.21 November 1, 2016 7:30 AM 1.96
July 1, 2016 7:00 AM 19.97 September 1, 2016 6:45 AM 35.11 November 2, 2016 7:30 AM 1.97
July 2, 2016 6:50 AM 16.08 September 2, 2016 7:15 AM 35.12 November 3, 2016 6:47 AM 3.92
July 3, 2016 7:15 AM 18.09 September 3, 2016 7:45 AM 35.29 November 4, 2016 6:40 AM 1.98
July 4, 2016 7:20 AM 26.74 September 4, 2016 7:30 AM 36.84 November 5, 2016 6:41 AM 10.09
July 5, 2016 7:15 AM 18.36 September 5, 2016 7:45 AM 35.14 November 6, 2016 6:42 AM 3.98
July 6, 2016 7:10 AM 36.56 September 6, 2016 7:30 AM 18.06 November 7, 2016 6:38 AM 3.86
July 7, 2016 7:00 AM 18.18 September 7, 2016 7:00 AM 22.02 November 8, 2016 6:57 AM 10.12
July 8, 2016 7:15 AM 16.07 September 8, 2016 6:45 AM 16.95 November 9, 2016 6:41 AM 9.82
July 9, 2016 7:15 AM 20.35 September 9, 2016 6:41 AM 20.28 November 10, 2016 6:41 AM 3.91

July 10, 2016 7:15 AM 22.57 September 10, 2016 6:41 AM 10.40 November 11, 2016 6:41 AM 8.00
July 11, 2016 7:15 AM 22.46 September 11, 2016 6:42 AM 10.15 November 12, 2016 6:42 AM 5.94
July 12, 2016 7:00 AM 15.99 September 12, 2016 6:43 AM 15.92 November 13, 2016 6:42 AM 3.88
July 13, 2016 7:15 AM 24.68 September 13, 2016 6:43 AM 17.32 November 14, 2016 6:39 AM 1.93
July 14, 2016 6:55 AM 23.39 September 14, 2016 6:41 AM 19.16 November 15, 2016 6:44 AM 1.98
July 15, 2016 6:44 AM 18.24 September 15, 2016 6:43 AM 17.99 November 16, 2016 6:41 AM 2.00
July 16, 2016 6:52 AM 17.73 September 16, 2016 6:41 AM 18.14 November 17, 2016 7:30 AM 7.84
July 17, 2016 6:39 AM 16.43 September 17, 2016 6:44 AM 20.31 November 18, 2016 7:30 AM 5.79
July 18, 2016 6:38 AM 18.05 September 18, 2016 6:40 AM 30.85 November 19, 2016 7:30 AM 1.94
July 19, 2016 6:45 AM 16.45 September 19, 2016 6:43 AM 17.98 November 20, 2016 7:30 AM 1.99
July 20, 2016 6:43 AM 20.35 September 20, 2016 6:41 AM 16.18 November 21, 2016 7:30 AM 1.98
July 21, 2016 6:44 AM 18.15 September 21, 2016 6:43 AM 20.52 November 22, 2016 7:30 AM 1.89
July 22, 2016 6:52 AM 18.26 September 22, 2016 6:40 AM 29.22 November 23, 2016 7:30 AM 1.93
July 23, 2016 6:49 AM 20.35 September 23, 2016 7:15 AM 22.28 November 24, 2016 7:30 AM 3.91
July 24, 2016 6:49 AM 19.93 September 24, 2016 8:05 AM 8.27 November 25, 2016 7:30 AM 0.00
July 25, 2016 6:44 AM 11.64 September 25, 2016 7:10 AM 10.06 November 26, 2016 7:30 AM 1.93
July 26, 2016 6:42 AM 0.00 September 26, 2016 7:10 AM 24.31 November 27, 2016 7:45 AM 1.98
July 27, 2016 6:44 AM 18.32 September 27, 2016 7:10 AM 35.71 November 28, 2016 7:30 AM 2.02
July 28, 2016 8:00 AM 20.40 September 28, 2016 7:15 AM 22.27 November 29, 2016 7:30 AM 2.01
July 29, 2016 8:00 AM 11.99 September 29, 2016 7:15 AM 16.41 November 30, 2016 6:05 AM 1.99
July 30, 2016 8:00 AM 16.12 September 30, 2016 7:05 AM 18.42 December 1, 2016 6:44 AM 2.04
July 31, 2016 8:00 AM 20.38 October 1, 2016 7:15 AM 18.28 December 2, 2016 6:42 AM 1.93

August 1, 2016 8:00 AM 26.38 October 2, 2016 7:30 AM 18.11 December 3, 2016 6:42 AM 2.08
August 2, 2016 8:00 AM 18.02 October 3, 2016 7:45 AM 20.20 December 4, 2016 6:41 AM 1.87
August 3, 2016 8:00 AM 17.94 October 4, 2016 7:10 AM 22.63 December 5, 2016 6:41 AM 5.86
August 4, 2016 8:00 AM 16.64 October 5, 2016 7:05 AM 20.21 December 6, 2016 6:41 AM 9.71
August 5, 2016 8:00 AM 18.11 October 6, 2016 6:43 AM 18.58 December 7, 2016 6:41 AM 9.79
August 6, 2016 8:00 AM 13.92 October 7, 2016 6:42 AM 20.20 December 8, 2016 6:42 AM 9.76
August 7, 2016 8:00 AM 19.90 October 8, 2016 6:40 AM 12.00 December 9, 2016 6:41 AM 9.82
August 8, 2016 8:00 AM 22.22 October 9, 2016 6:41 AM 15.55 December 10, 2016 6:40 AM 12.03
August 9, 2016 8:00 AM 20.38 October 10, 2016 6:42 AM 15.89 December 11, 2016 6:42 AM 9.86

August 10, 2016 8:00 AM 22.37 October 11, 2016 6:41 AM 16.21 December 12, 2016 6:40 AM 13.80
August 11, 2016 6:43 AM 16.06 October 12, 2016 6:46 AM 14.14 December 13, 2016 6:43 AM 9.58
August 12, 2016 6:42 AM 19.95 October 13, 2016 6:40 AM 20.43 December 14, 2016 6:41 AM 9.80
August 13, 2016 6:44 AM 18.15 October 14, 2016 6:42 AM 11.87 December 15, 2016 7:15 AM 11.82
August 14, 2016 6:41 AM 20.03 October 15, 2016 6:43 AM 8.03 December 16, 2016 7:15 AM 11.85
August 15, 2016 6:45 AM 22.24 October 16, 2016 6:43 AM 5.99 December 17, 2016 6:55 AM 9.91
August 16, 2016 6:41 AM 18.14 October 17, 2016 6:42 AM 5.87 December 18, 2016 7:10 AM 9.92
August 17, 2016 6:49 AM 22.34 October 18, 2016 6:41 AM 2.60 December 19, 2016 7:05 AM 18.56
August 18, 2016 6:43 AM 18.01 October 19, 2016 6:41 AM 5.32 December 20, 2016 7:00 AM 9.81
August 19, 2016 6:42 AM 15.97 October 20, 2016 7:40 AM 6.03 December 21, 2016 7:15 AM 10.00
August 20, 2016 6:43 AM 13.85 October 21, 2016 7:15 AM 1.93 December 22, 2016 7:15 AM 9.88
August 21, 2016 6:45 AM 17.85 October 22, 2016 7:30 AM 1.95 December 23, 2016 7:00 AM 9.77
August 22, 2016 6:41 AM 17.88 October 23, 2016 7:15 AM 1.96 December 24, 2016 7:05 AM 9.57
August 23, 2016 6:42 AM 18.03 October 24, 2016 7:15 AM 1.90 December 25, 2016 7:15 AM 7.66
August 24, 2016 6:41 AM 18.24 October 25, 2016 7:20 AM 3.99 December 26, 2016 7:00 AM 8.06
August 25, 2016 6:30 AM 26.27 October 26, 2016 7:10 AM 3.98 December 27, 2016 6:30 AM 9.89
August 26, 2016 7:10 AM 32.60 October 27, 2016 7:30 AM 10.15 December 28, 2016 6:50 AM 7.77
August 27, 2016 7:30 AM 34.86 October 28, 2016 7:30 AM 3.90 December 29, 2016 6:40 AM 7.73
August 28, 2016 7:30 AM 32.21 October 29, 2016 7:30 AM 1.93 December 30, 2016 6:40 AM 9.82

December 31, 2016 6:40 AM 8.09
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2016 Sewage Treatment Plant Daily Discharge Rates
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Date Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Staff

(MM/DD/YY) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) Remarks

1/9/2016 13:20 12:00 0.0029 13:00 Unable to collect flow at WR-S4 and WQ-14F due to excessive ice build up.

1/12/2016 12:00 12:00 0.0064 13:20 0.2472 13:45 Unable to collect flow at WR-S4 and WQ-14F due to excessive ice build up.

1/19/2016 12:00 0.0040

1/20/2016 13:35 8:45 Unable to collect flow at WR-S4 and WQ-14F.   Ice frozen to the ground - new flow path

1/25/2016 13:55 0.0006 11:10 0.0028 13:40 0.3848 13:20 11:50

1/26/2016 15:00 0.0063 14:40 Unable to collect flow at WQ-14F.  Ice is frozen to the ground - new flow path

2/6/2016 13:30 0.0063 12:00 0.0027 13:15 Unable to collect flow at WQ-14F.  Ice is frozen to the ground - new flow path

2/9/2016 13:55 0.0056 12:00 0.0027 13:40 Unable to collect flow at WQ-14F.  Ice is frozen to the ground - new flow path

2/11/2016

2/18/2016 15:15 0.0060 12:00 0.0027 13:00 0.14

2/22/2016 15:30 0.0005 13:10 0.0027 15:15 0.3848 14:25 12:00

2/23/2016 13:15 0.0060 13:40 0.138

3/5/2016 17:15 0.0063 12:00 0.0027 17:05 0.135

3/8/2016 11:30 0.0063 14:40 0.2192 11:20 0.145

3/10/2016 12:00 0.0027

3/19/2016 13:05 0.0063 12:00 0.0027 14:00 0.129

3/20/2016 10:25 0.0034

3/21/2016 14:25 0.0006 14:35 0.2192 13:50 13:25 10:30 11:00

3/22/2016 12:55 0.0063 13:10 0.123

4/2/2016 13:26 0.0125 12:00 0.0034 13:10 0.19

4/5/2016 13:52 0.0140 12:00 0.0042 13:36 0.18

4/16/2016 13:45 0.0227 12:00 0.0098 15:00 0.224

4/18/2016 13:45 0.0098 11:35 0.8886

4/19/2016 11:35 0.0006 13:10 0.0343 9:50

4/20/2016 7:50 0.2971 8:15 0.250

4/25/2016 10:45 0.0002

4/26/2016 9:55 0.0002 10:30 0.0316 10:15 0.275

4/27/2016 13:30 0.0002

4/28/2016 11:00 0.0002

4/29/2016 10:55 0.0002

4/30/2016 11:20 0.0004 11:10 0.0421 11:00 0.274

5/2/2016 16:40 0.0006 16:30 0.0011 14:20 10:50 2.2557 11:00 14.2637 Unable to collect flow at WQ-03

5/3/2016 13:55 0.0441 13:20 0.0970 14:30 0.3353 7:00 4.0164 14:15 0.275

5/5/2016 10:30 0.0108

5/6/2016 8:00 0.0103

5/7/2016 11:00 0.0021 17:20 0.0185

5/8/2016 9:00 0.0320

5/10/2016 8:10 0.0846

5/13/2016 10:10 1/0/1900 11:30 0.0009 13:30 0.0312 16:10 11:05 2.2532 11:40 15:10 3.4044 15:35 15.5767 Unable to collect flow at WQ-03

5/14/2016 14:05 0.0772 11:35 0.6819 13:10 0.236

5/15/2016 9:40 0.099

5/16/2016 13:10 0.0008 14:30 0.0007 17:05 0.0312 16:15 13:15 0.952 14:10 3.6160 14:45 Unable to collect flow at WQ-03

5/17/2016 11:25 4.826 11:40 17.6744 9:10 0.23

5/28/2016 10:30 0.0006 10:45 0.0004 11:15 0.8538 11:30 0.0804 10:15 1.1388 7:00 3.6160 11:45 7:40 4.1608 7:30 17.1950 11:00 0.24 Unable to collect flow at WQ-03

5/31/2016 11:00 0.0006 11:45 0.0004 8:40 0.0351 9:55 0.0804 10:50 1.1132 7:00 3.6160 13:20 8:55 3.5489 8:45 13.4264 9;00 0.24 Unable to collect flow at WQ-03

6/3/2016 15:15 5.3614

6/4/2016 9:55 1.1132

6/7/2016 9:50 0.0008 10:46 0.0004 14:15 0.0231 13:45 0.04 9.40 1.2001 10:27 4.0164 11:00 16:50 5.1797 16:35 14.2637 15:05 0.21 Unable to collect flow at WQ-03

6/13/2016 9:30 0.0006 11:10 0.0002 15:40 0.0248 13:55 0.030 9:20 1.1131 11:30 3.0602

6/14/2016 17:20 14:10 3.4044 11:30 11.0965 8:30 0.20

6/20/2016 15:10 2.7195 14:00 4.1608 13:45 9.3639

6/21/2016 14:35 0.0006 15:15 0.0003 15:45 0.0248 13:15 0.0072 14:20 1.2002 15:00 13:40 0.19

6/27/2016 11:00 0 9:30 1.8407 7:55 2.8442 8:30 2.7325 8:20 6.2449

6/28/2016 15:20 0.0006 10:20 0.0212 10:30 0.0033 15:00 1.1132 9:55 0.192

7/5/2016 14:43 0.0005 15:35 0.0002 10:15 0.0197 18:00 0.0050 14:35 1.1132 15:20 2.720 15:45 3.7199 17:25 3.8480 17:10 8.7240 16:00 0.16

7/11/2016 11:00 0.0005 11:45 0.0004 14:30 0.0248 13:50 0.0095 10:50 0.8789 11:30 2.5581 12:55 3.3169

7/12/2016 8:25 3.2632 8:05 7.2571 7:50 0.15

WQ-13 WQ-14FWQ-WCSP WQ-25 WQ-04 WQ-03WQ-TSF Spill WQ-SRP WQ-BXL WR-S4 WQ-01
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Date Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Flow Time Staff

(MM/DD/YY) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) (24 hr) (m3/s) Remarks

WQ-13 WQ-14FWQ-WCSP WQ-25 WQ-04 WQ-03WQ-TSF Spill WQ-SRP WQ-BXL WR-S4 WQ-01

7/19/2016 9:55 0.0006 14:30 0.0197 14:45 0.0050 9:50 0.8093 15:30 2.4027 13:15 2.4060 9:15 2.2557 9:05 6.9866 9:25 0.165

7/25/2016 10:15 2.4027 11:45 2.2557 11:30 6.9866

7/26/2016 10:00 0.0005 11:30 0.0327 11:00 0.0050 9:55 0.7437 10:25 1.8061 11:40 0.162

8/1/2016 8:40 0.0007 9:30 0.0002 15:25 0.0157 15:00 0.005 8:30 0.5435 10:15 1.003 11:45 1.6333 17:00 1.4641 17:05 3.9959 15:45 0.17

8/8/2016 11:10 0.0124 10:25 1.0122 10:40 3.2282 8:35 0.16

8/9/2016 9:35 0.0006 11:15 0.0030 9:30 0.3848 8:55 0.7873 10:15 1.1145

8/16/2016 15:15 0.0006 14:30 0.0108 14:00 0.0016 11:20 0.3463 11:00 0.7274 15:05 1.2359 10:35 0.8886 10:15 3.1699 15:55 0.15

8/23/2016 13:50 0.0005 10:35 0.0106 10:15 0.0014 14:10 0.3106 8:40 0.6734 11:20 0.9761 7:30 0.7785 7:15 2.5518 14:20 0.142

8/28/2016 11:40 0.0006 15:45 0.0079 15:19 0.004 11:30 0.3463 10:30 0.6735 13:50 0.8883 9:30 0.8886 9:45 2.6904 10:05 0.146

8/30/2016

9/5/2016 14:40 0.0006 14:30 0.4262 9:15 1.003 15:30 1.4952 11:35 1.1493 11:20 6.2204 11:40 0.164

9/6/2016 10:45 <0.0001 9:55 0.011 10:20 0.0004

9/13/2016 13:40 0.0006 16:00 <0.0001 14:55 0.0079 15:20 0.0034 13:30 0.4480 13:10 1.003 14:20 1.3628 11:00 1.3000 10:50 6.9866 15:45 0.163

9/19/2016 14:30 1.003 16:10 0.4583 15:45 6.4682

9/20/2016 15:15 0.0006 16:15 <0.0001 13:45 0.0079 14:00 0.0038 15:00 0.4436 16:30 1.2359 13:30 0.162

9/26/2016 11:00 0.0006 11:20 0.0003 17:05 0.0157 14:35 0.0048 11:05 0.7437 13:30 1.7151 13:50 2.5772

9/27/2016 16:00 2.4873 15:45 9.3639 14:00 0.205

10/3/2016 10:20 0.0008 11:00 0.0002 14:30 0.0125 14:00 0.0043 10:25 0.5962 10:45 1.3741 11:10 2.0803

10/4/2016 12:00 0.0043 14:50 1.6418 15:00 6.2204 9:50 0.18

10/11/2016 14:30 0.0134 12:00 0.0043 14:20 0.18

10/18/16 13:20 0.0109 12:00 0.0043 11:15 0.4349 11:35 0.134

10/26/2016 16:25 0.0111 12:00 0.0043 9:00 0.166

11/1/2016 14:10 0.0117 12:00 0.0028 13:40 0.158

11/8/2016 10:40 0.0162 12:00 0.0104 10:25 0.22

11/15/2016 13:25 0.0131 12:00 0.0098 13:10 0.182

11/22/2016 14:00 0.0623 12:00 0.0031 13:50 0.21

11/28/2016 15:10 0.0154 10:30 0.0027 14:45 13:00 0.16

11/29/2016 11:20 0.0006 12:35 0.0003 11:35 0.4262 12:55

12/6/2016 10:55 0.0122 12:00 0.0038 10:45 0.121

12/12/2016 14:55

12/13/2016 9:35 0.0006 8:50 <0.01 15:00 0.0020 10:55 0.2192 9:15 14:40 frozen Unable to measure flow at WR-S4 and WQ-14F due to excessive ice build up.

12/20/2016 11:00 <0.01 12:00 0.0019 11:45 frozen Unable to measure flow at WR-S4 and WQ-14F due to excessive ice build up.

12/27/2016 8:30 <0.01 12:00 0.0019 9:30 frozen Unable to measure flow at WR-S4 and WQ-14F due to excessive ice build up.



25 November 2016 

 

WQ-01 
 

 

Elevation of Bottom of Staff Gauge = 9.151545m 

Stage (H) = SG reading + 9.151545m 

H0= 9.05m 

Discharge Equation = 58.172*((H-H0)^4.5464) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

WQ-03 
 

Elevation of Bottom of Staff Gauge = 5.4452m 

Stage (H) = SG reading + 5.4452m 

H0= 5.63m 

Discharge Equation = 28.252*(H-H0)^2.2661) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



WQ-04 
 

 

Elevation of Bottom of Staff Gauge = 8.386m 

Stage (H) = SG reading + 8.386m 

H0= 7.56m 

Discharge Equation = 0.9066*((H-H0)^7.8828) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



WQ-05 
 

 

Elevation of Bottom of Staff Gauge = 8.298m 

Stage (H) = SG reading + 8.298m 

H0=8.55m 

Discharge Equation =3.7248*((H-H0)^1.0182) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



WQ-13 
 

 

Elevation of Bottom of Staff Gauge = 5.62m 

Stage (H) = SG reading + 5.62m 

H0=5.425m 

Discharge Equation =*14.005*((H-H0)^2.84) 

 



2013-2016 Equation 
y = 8.3652x3.6648 

R² = 0.8711 
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1999-2012 Equation 
y = 17.149x3.4248 

R² = 0.9314 
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y = 0.5937e23.264x 
R² = 0.6133 
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WQ-BXL Rating Curve

Staff Gauge 
(m)

Discharge 
(L/s)

Discharge 
(m3/s) Date

0.090 2.83 0.0028279 Jun-04

0.040 0.48 0.0004799 Jun-04

0.055 1.32 0.0013182 Jul-05

0.060 0.76 0.0007624 Jul-06

0.040 0.26 0.0002621 Aug-06

0.040 0.59 0.0005917 Aug-06

0.095 3.33 0.0033333 May-07

0.090 4.18 0.0041812 May-07

0.150 11.08 0.0110803 Jun-07

0.120 6.76 0.0067625 Jun-07

0.050 0.74 0.0007362 Aug-07

0.1 9.14 0.0091400 May-08

0.07 4.71 0.0047100 May-08

0.04 1.08 0.0010800 Jun-08

0.04 0.76 0.0007600 Jun-08

0.04 0.75 0.0007500 Jun-08

0.025 0.39 0.0003900 Jul-08

0.02 0.3 0.0003000 Jul-08

0.005 0.06 0.0000600 Jul-08

0.06 1.25 0.0012500 Jun-09

0.05 0.78 0.0007800 Jun-09

0.09 3.67 0.0036700 Jul-09

0.07 1.65 0.0016500 Jul-09

0.1 5.44 0.0054400 Apr-10

0.095 4.12 0.0041200 Apr-10

0.065 1.55 0.0015500 Apr-10

0.05 1.1 0.0011000 May-10 Note:  Staff Gauge was leveled and adjusted on June 10, 2009
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1. INTRODUCTION 
 
This report provides the results of Kemess Mine’s 2016 Kemess South hydrometric monitoring 
program, which includes the monitoring of two weather stations, and five streamflow stations. The 
data were collected during the 2016 calendar year and synthesized and presented by Pierre 
Beaudry of P. Beaudry and Associates Ltd, Prince George.  

2 PROJECT OBJECTIVES 
 
The objectives of the hydrometric program are as follows:  
 

1. Maintain the automated stage height recorders in the streams of interest  

2. Measure streamflow at key periods in the streams of interest in the spring, summer and fall 
of 2016 with the objective of contributing to the continued development of the stage-
discharge relationships for each sampling location.  

3. Collect continuous stage height data and with the use the stage-discharge relationships 
established in 2 above, develop the hydrographs for the 2016 ice-free period, for each 
monitoring site. Present monthly and annual summaries 

4. Maintain the two weather stations located on the south side of the mine property, collect 
and compile the climate data and present monthly and annual summaries.  

3 PHYSICAL SETTING 

3.1 General Location and Physiography 
 
The Kemess Mine is located approximately 425 km north-northwest of Prince George, in the 
Omineca Mountains of British Columbia (Figure 2). The terrain is generally mountainous with 
wide, low gradient valleys. Elevations range from about 1,150 to 2,200 m. The terrain is dissected 
by several large river systems, numerous large lakes and many smaller lakes and wetlands (Figure 
3). The forests are dominated by the Spruce-Willow-Birch biogeoclimatic zone with the alpine 
zone commencing at relatively low elevations (about 1400 to 1500m).  
 

4 HYDROMETRIC AND WEATHER STATIONS  
 

4.1 Site Locations and Measured Parameters 
 
Stage height and water temperatures were recorded on a continuous basis at five locations. Weather 
data were collected on a continuous basis at two locations on the south side. Table 2 lists the 
measured parameters and data recording process for each of the site locations. During each visit of 
the hydrometric sites, stream velocity cross sections and stage height readings were completed, 
along with the instrument and site maintenance. All of the continuous data collected by the five (5) 
hydrometric stations are automatically sent via satellite to a remote server accessible on the internet 
for data download and logger programming. A variety of climate variables were measured at each 
of automated weather stations located around the mine site. The location of each of the 
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measurement sites is provided on Figure 3.  
 

4.2 Watershed Characteristics 
 
Each of the individual streamflow monitoring sites defines a separate watershed. These watersheds 
range in size from 26.3 km2 to 473.5 km2.  Table 3 provides a summary of characteristics for each 
watershed, including elevation ranges, slope distributions and stream density. The boundaries of 
each of the five watersheds have been mapped out and are illustrated in Figure 4 to Figure 7. The 
location of the streamflow sampling sites and the Kemess Mine are also indicated on the map.  

4.3 Instrumentation 
 
Each of the five hydrometric sites is equipped with the following instrumentation:  

1. One KPSI SDI-12 submersible pressure transducer (herein referred to as the “depth 
probe”).  

2. One TidBit water temperature sensor 
3. One Neon Remote Satellite Terminal (Globalstar) 
4. One Solartek 20 Watt Solar Panel 
5.  

The overall accuracy of the depth reading on the depth probes is specified as 0.05% full scale. This 
includes the pressure transducer and the data logger. All five sites have been instrumented with a 
probe that has a full scale of 3 metres, which means that they have a specified accuracy of +/-1.5 
mm. The accuracy of the temperature reading is specified as +/- 0.5 0 C 

 
To protect the depth probe instrument, it is housed in a 2 inch ABS mounting tube which is capped 
at the bottom and perforated to allow the free flow of water. The sensor wires have been enclosed 
in a metal casing to prevent damage by rodents and other wildlife. To secure the instruments, a 2 
inch steel angle iron was driven through the streambank and into the streambed to hold the ABS 
pipe. This oblique mounting procedure provides much greater stability than does a vertical mount 
and it also provides much easier access to the instrumentation. The ABS pipes were then secured to 
these angle irons. 
 
Pictures of all of the sites for different times throughout the monitoring season are provided in each 
of the site sections.  
 
At each of the streamflow sites, a manual water depth gauge  (staff gauge) was installed to serve as 
a permanent reference. An annual level survey (benchmark survey)  is completed at each site and 
references on a previously establish station datum. The water level,  depth probe and the staff  
gauge are then surveyed in relation to the station datum. The location of  each of the benchmarks 
and the results of the annual survey are provided in the results section for each of the five 
hydrometric sites. 
 
Each of the weather stations was upgraded in the spring of 2012 with Campbell Scientific Inc 
CR1000 dataloggers used to collect and process the signals received from a variety of electronic 
sensors. Hourly precipitation rates are measured by Noah II Total Precipitation Gauges, snow 
depths are measured by using a Campbell Scientific Inc SR50 Sonic Ranging Sensor, air 
temperature and relative humidity are measured using a Campbell Scientific Inc Model HMP35C 
Temperature and Relative Humidity Probe, housed within a Young Gill Radiation Shield, and wind 
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is measured using an R.M. Young 05103-10 Wind Monitor. 
 

5 DATA COLLECTION AND COMPUTATION OF DISCHARGES 

5.1 Rating Curve and Stage Discharge Relationships 
 
Determination of the discharge of a river by direct measurement is usually laborious, time 
consuming and thus expensive. It is therefore common practice to establish a relationship (i.e. a 
rating curve) between the stage at a particular gauging station and the discharge. The river “stage” 
is simply the river surface elevation above a fixed arbitrary benchmark located in the vicinity of the 
gauging station. A continuous record of discharge can then be computed from a continuous record 
of stage using the stage discharge relation. This relationship is based on the correlation between a 
set of stream discharge measurements  and corresponding stage measurements, taken at 
simultaneous points in time at a fixed geographical location (gauging station)(see Figure 8, as an 
example). 
 
A rating curve gives the relation between the river discharges and river stages at a certain cross 
section of a river.  Based on hydraulic theory, the rating curve typically follows a power function 
of the type: 
 

Q = a (h − h0 )
b 

 
Where: 

Q=  discharge  (m3 /s) 

h = stage reading  (m) 

h0 = stage reading  at zero flow (m) 

a = coefficient (m2 /s) 

b = coefficient (-) 
 
The h0 represents the height of the lowest point on the section or channel control, i.e. the point that 
controls the minimum height of water upstream of it, at the gauging station at zero flow. The 
presence of shallow flow and low gradients, often make it difficult to obtain discharge 
measurements at very low flows. Extending the low end of the stage-discharge curve to zero 
flow (h0) is desirable and a requirement of the RISC (MoE 2009) document. However, the h0 
usually cannot be  measured directly in the field unless the streamflow actually drops to zero or 
near zero, so usually it must be estimated. Several estimation techniques exist: 

1) Use of the Stage-Discharge curve to estimate where the curve crosses the stage axis at zero 
discharge 

2) Use of  the graphical procedure provided in MoE (2009) and shown in Figure 1 below.  
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Figure 1: Graphical method for obtaining zero flow stage height (copied from MoE (2009)) 
 

 
3) Plot the log of h-ho (zero flow transformed stage) vs the log of discharge and through 

successive iterations determine the h0 that provides the lowest R2 for a linear regression 
(see Figure 9 for example) .  

4) With level and stadia rod,  measure the elevation of the lowest point on the section or 
channel control. This is only possible if the point is safely accessible and can be identified 
with reasonable accuracy, something that is difficult to do if a substantial amount of water 
is flowing in the channel.  

 
Annual (or more frequent) bench mark surveys provide the basis for correlating water depth data 
collected at the gauging station and determining the actual elevation of the surface of the water 
(i.e. the stage) and are used to provide the offset of the staff gauge and the transducer sensor 
relative to the reference datum for all stations. Bench mark surveys are usually completed in late 
summer, when flows are lower and it may be possible to clearly identify the lowest point of the 
control.  
 
Discharge measurements were collected using the velocity-area method and recorded using a 
Marsh McBirney Flo-Mate Model 2000 current-velocity meter (accuracy of 2% of reading). 
Most of the water velocity measurements were completed using a top setting wading rod with the 
Marsh McBirney current meter. During high flows we measured velocity at WQ-01, WQ-03 and 
WQ-13 using a bridge board and a suspension system from the bridge across the river and a Price 
Current Meter . The accuracy of individual velocity-area discharge measurements is typically 
around +/- 5% under ideal conditions with smooth, streamlined flow in a straight, regular 
channel with small bed material. Measurements are less accurate in irregular channels with 
highly turbulent flow and large bed material. For the project, the discharge measurements were 
typically assigned an uncertainty value of 10%, based on measurement quality combined with 
instrumentation error. This error is shown as error bars on the stage discharge curves.  
 
The depth of water in the channel was recorded continuously at each of the automated monitoring 
stations using the equipment described above in section 4.3 and manually recorded from the staff 
gauge during each site visit. The actual stage was computed by adding the water depth 
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measurements to the elevation of the transducer sensor or the elevation of the bottom of the staff 
gauge measurement (i.e. the “offsets”) obtained through the benchmark survey process. The 
benchmark survey procedure is described in detail in section 5.2. This information provides a 
detailed record of the stage height fluctuations. The following paragraph provides a summary of 
the procedure that was followed at the Kemess Mine sites in 2016 (Section 5.1). The detailed 
description of these procedures is provided in the Manual of British Columbia Hydrometric 
Standards  (Ministry of Environment 2009), also known as the RISC standards (2009).  
 
Table 1: Summary of H0 Estimates for 2016 
 
Method used: H0 at WQ-01 H0 at WQ-03 H0 at WQ-04 H0 at WQ-05 H0 at WQ-13 

Cross section 
Field Survey 
measured at 
medium flows 

9.16 5.368 8.196 8.198 5.686 

Graphical 
Method 9.3 5.56 7.56 8.2 5.68 

Log-Log Linear 
Regression 
minimizing R2 

9.05 5.63 7.5 8.55 5.425 

 

5.1 Site Visit Inspections 
 
 
During each site visit the total stream discharge of the stream was measured by completing a 
discharge cross-section, which included the following steps:  
 

1. Inspection of the cross-section to make certain that it is still the most suitable location for 
the measurements (i.e. straight section of the river, free of large boulders and other 
obstructions, stable river banks, relatively even distribution of flow across the river etc).  

2. Photographs of the site were taken to document streamflow conditions at the time of 
measurements.  

3. The velocity measurements were initiated by securing a 30m measuring tape across the 
river, perpendicular to the flow and the wetted width was measured.  

4. Where the stream is wide enough, the wetted width was divided into approximately 20 
sections (between 16 and 24 is optimal). As per RISC (2009) requirements, we attempted to 
maintain the measured flow in each of the flow panels to 10% or less of the total cross-
sectional flow.  

5. Information was recorded about site conditions, weather, date and time and photo numbers 
on the field data sheets.  

6. Stage height reading from the staff gauge was recorded.  
7. Measurements of both water depth (m) and average velocity (m/sec) at each of the cross-

section locations established in step 3 above were completed. 
8. Each of the cross-section measurements represents a “cross section panel” of river flow, 

(i.e. an average depth for the panel (m) multiplied by the panel width (m) and multiplied by 
average velocity for the panel (m/sec) yields a discharge measurement (m3/sec) for the 
individual panel). Each of the “panel” discharge measurements are then summed up to 
provide a total river discharge measurement.  
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9. The completed discharge measurement represents a single datum point on the stage 
discharge relationship. The relationship is built up over time as more discharge 
measurements are completed, eventually representing the full spectrum of variability of 
river flows.  

5.2 Site Benchmarking 
 

Benchmarks were established at each hydrometric station and bench marking surveys are 

undertaken on an annual basis. Each of the site’s sections in this report  provides a detailed 

accounting of benchmarks per site and annual surveys conducted over the baseline study period 

(Table 7, Table 11, Error! Reference source not found., Table 19, Table 23). Using a level and 

survey rod, a typical survey involves tying into BM #1 at the hydrometric station. A 10 m arbitrary 

elevation is assumed for BM #1. Next, the relative elevation of the staff gauge, the water surface 

and the creek bottom (including at the deepest section) are measured. The level is then moved and 

relative elevations are taken to BM#2, the staff gauge, the water surface, the creek bottom and 

BM#1 – with closing of the survey aimed to be within 3 mm. With a frame of reference established 

between staff gauge readings and the lowest elevation in the creek (theoretical zero-flow stage), 

rating curve data may be adjusted (horizontal, x-axis transformation) to a theoretical zero-flow 

stage using survey data.  
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6 METHODOLOGY 

6.1 Stage and Flow Measurements  
 
Several times per year flow measurements were made at each site and the corresponding stage 
height measurements were recorded. These are the basic data used to develop the stream rating 
curves. All of the stage-flow measurements collected between 2008 and 2016 are presented in 
station specific  tables at the beginning of the results section for each station (see Table 4, Table 8, 
Table 12, Table 16 ,and Table 20).  

6.2 Stage – Discharge Curves 
 
 
Figure 19, Figure 30, Figure 39 and Figure 50 provide the cumulative 2008-2016 stage discharge 
relationships for each of the sites monitored in 2016. These curves show the stage-discharge 
relationship in the traditional format with stage on the Y axis and discharge on the X axis. These 
curves were also used to make an initial graphical estimate of H0 for each site.  The monitored sites 
have remained very stable over the five years of monitoring, except site WQ-01 which has a lot of 
mobile bedload, which is why there are two different curves, one prior to the floods of 2009 and 
the other for the period after 2010-2016 (Figure 8). There has also been some problems with site 
WQ-05, where a small walking bridge, located downstream of the gauging site, collapsed during 
the winter of 2013-2014 and which created a new channel control and thus the need for a new 
rating curve ( Figure 39).  
 

6.1 Log-Log Curves 
 
The presentation of the stage-discharge information in a log-log format can provide some benefits 
for data analysis. This format can be used to discover if there are section breaks in the data and thus 
the need for more than one curve per site and per year(e.g. a low flow curve and a high flow 
curve). It can also be used to better define the value of the zero-flow stage (i.e. h0). Log-Log curves  
of zero-flow adjusted stage (h-h0) vs log of discharge are presented for each of the five stations 
(Figure 9, Figure 20, Figure 31, Figure 40, Figure 51). 

6.2 Discharge – Stage Curves 
 
In order to develop a predictive  equation for discharge (based on the zero-flow transformed stage), 
using Excel, it is necessary to turn the stage-discharge graph 90o  so that discharge is on the Y axis 
and zero-transformed stage is on the X axis. In this way we can use the trend analysis capabilities 
of Excel to develop a power equation for discharge, that uses the standard hydraulically correct 
equation : where  discharge= a(h-h0)b –  Section see 5.1 for further explanation. 
 
Figure 10, Figure 21, Figure 32, Figure 41and Figure 52  provide the discharge-stage curves and 
their respective predictive equations for each of the five sites.  
 

6.3 Continuous Streamflow Data (Hydrographs) 
 
The complete streamflow records for 2016 ice-free period for the five KS hydrometric sites, 
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generated using the power equations described in section 6.2,  are presented lower in this report 
(i.e. Figure 11, Figure 22, Figure 33, Figure 42and Figure 53). All five of these stations will be kept 
running over the winter of 2016-2017. Winter measurements of stage height using a pressure 
transducer is often problematic and unreliable, especially when the air temperatures drop down 
below -15C and anchor ice forms in the stream or river. This usually results in very erratic and 
noisy pressure transducer signals. Thus the main objective of leaving the probes in the river over 
the winter is not so much the data they will provide during the winter, but rather that they will be in 
place when the rivers break-up and the flow starts to rise in the spring, which of course is a critical 
measurement.   
 
Hydrographs for the years 2008 to 2015, for each of the 5 stations are also presented for 
comparative purposes. These are presented immediately following the 2016 results for each of the 
stations.  
 
The monthly summary of available streamflow data for the period 2008, to 2016 are presented in 
Tables in each of the station result sections  ( Table 5, Table 9, Table 13, Table 17, Table 20) 

6.4 Climate 
 
Graphs of hourly air temperature, relative humidity, precipitation, wind speed and snow depths at 
the Pit weather monitoring sites, for 2016, are presented in Figure 61: Air temperature at Kemess 
South Pit weather station January to October 2016.Figure 61 to Figure 64. For the Dam weather 
station, the 2016 graphs are presented in Figure 65 to Figure 72.  A summary of monthly climatic 
data for the pit site weather station for 2008 to 2016 is provided in Table 24 to Table 29. A 
summary of monthly climatic data for the Dam site weather station for 2012 to 2016 is provided in      
Table 30 to Table 35. Two wind rose graphs that show average wind speed and wind direction at 
the Dam weather station are provided in Figure 71 and Figure 72. 
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Figure 2: General location of the Kemess Mine  
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Figure 3: Location of hydrometric and weather stations in the vicinity of the Kemess Mine. 
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Table 2: Summary of parameters measured in 2016 at each of the Kemess weather and streamflow measurement stations.   
 

Station 
ID 

Station 
Type 

 Weather Stations Streamflow Stations 
Air Temp-
erature at 3 
metres 

Air 
Temp-
erature 
at 10 
metres 

Precip-
itation 

Relative 
Humidity 

Wind 
speed 
and 
direction 

Snow 
depth 

Net 
Radiation 

Manual 
Stage 
Height 

Automated 
Stage 
height 

Manual 
stream 
temperature 

Automated 
stream 
temperature 

Velocity 
cross 
sections 

Pit Site Climate Yes No Yes Yes No Yes No No No No No No 

Dam 
Site1 Climate Yes Yes Yes Yes Yes Yes Yes No No No No No 

WQ-01 
Stream-

flow 
No No No No No No No Yes Yes Yes Yes Yes 

WQ-03 
Stream-

flow 
No No No No No No No Yes Yes Yes Yes Yes 

WQ-04 
Stream-

flow 
No No No No No No No Yes Yes Yes Yes Yes 

WQ-05 
Stream-

flow 
No No No No No No No Yes Yes Yes Yes Yes 

WQ-13 
Stream-

flow 
No No No No No No No Yes Yes Yes Yes Yes 

1 Note: The Dam Weather station was first established in August 2012 
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Table 3: Summary of Watershed Characteristics  
 

Watershed name 
Size 

(km2) 

Dominant 
BEC 
Zones 

Elevation 
Range 

(m) 

Stream 
Density 

(km/km2) 

% of 
watershed 
that is in 

“low 
elevation”1 

Distribution of slope gradients within the 
watershed 

(% of watershed) 

<10% 
slope 

10 to 
30% 
slope 

30 to 
60% 
slope 

>60% 
slope 

WQ-01 
Kemess Creek 

above OPR 
Road 

110.5 
SWBmk/

AT 

1147-
2199 

(1052) 

295/110.5 
=2.67 

29.8 17.4 31.1 34.1 17.4 

WQ-03 
Kemess Creek 

at Arch 
79.99 

SWBmk/
AT 

1252-
2200 
(948) 

242/80= 
3.0 

37.3 10.2 29.14 40.3 21.4 

WQ-04 
Upper Kemess 

Creek 
49.57 

SWBmk/
AT 

1293-
2190 
(897) 

159/49.6= 
3.2 

41.6 10 23.8 42.6 23.6 

WQ-05 East 
Kemess Creek 

26.34 
SWBmk/

AT 

1293-
2203 
(910) 

72.4/26.3=
2.75 

48.2 9.4 36.5 33.8 20.3 

WQ-13 
Attichika at 
OPR Road 

320.8 
SWBmk/

AT 

1157-
2179 

(1022) 

602/321= 
1.87 

56.5 40.6 37.4 17.1 4.8 

WQ-18 
Attichika below 
Kemess Creek 

473.5 
SWBmk/

AT 

1137-
2200 

(1063) 

996/473= 
2.1 

49.6 35.1 38.2 20.5 6.1 

1”low elevation” is defined as the part of the watershed that is less than 300 metres in elevation above the elevation of the watershed outlet. 
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Figure 4: Boundaries of the watersheds upstream of the hydrometric sites WQ-04 and WQ-05, located on upper Kemess Creek. 
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Figure 5: Boundary of the watershed upstream of the hydrometric site WQ-03 located on Kemess Creek.
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Figure 6: Boundary of the watershed upstream of the hydrometric site WQ-01 located on Kemess Creek
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Figure 7: Boundary of the watershed upstream of the hydrometric site WQ-13 located on Attichika Creek 
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7 Results for Station WQ-01 

7.1 Stream Discharge Measurements – WQ-01 
 
Table 4: WQ-01 – Stage and Discharge Measurement Summary 
 

Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

12-May-08 16:00 0.469 9.569 1.762 1.095 37.87% 
16-Jun-08 16:00 0.64 9.74 7.815 5.531 29.23% 
05-Jul-08 11:00 0.612 9.712 5.79 4.370 24.53% 

02-Aug-08 8:00 0.471 9.571 1.95 1.119 42.62% 
06-Aug-08 15:00 0.461 9.561 1.543 1.002 35.05% 
09-Sep-08 16:00 0.424 9.524 1.2 0.654 45.54% 
14-Oct-08 15:00 0.39 9.49 0.882 0.428 51.48% 
29-Apr-09 11:30 0.375 9.475 0.546 0.351 35.65% 
03-Jun-09 12:46 0.65 9.75 9.704 6.003 38.14% 
22-Jul-09 13:45 0.5 9.6 2.834 1.523 46.27% 

25-Aug-09 16:38 0.49 9.59 2.398 1.372 42.79% 
01-Oct-09 11:45 0.475 9.575 1.963 1.169 40.46% 
21-Oct-09 16:40 0.423 9.523 1.228 0.646 47.41% 
28-Apr-10  0.336 9.436 0.765 0.714 6.68% 
18-May-10  0.441 9.541 2.224 2.201 1.03% 
25-May-10  0.51 9.61 4.09 4.073 0.42% 
01-Jun-10 15:28 0.536 9.636 5.344 5.037 5.75% 
08-Jun-10 15:35 0.518 9.618 4.08 4.353 -6.68% 
14-Jul-10 7:00 0.454 9.554 2.411 2.488 -3.17% 

10-Aug-10 15:15 0.375 9.475 1.115 1.120 -0.46% 
21-Sep-10 15:30 0.415 9.515 1.794 1.706 4.88% 
26-Oct-10 11:20 0.387 9.487 0.725 1.276 -76.00% 
10-May-11  0.366 9.466 0.851 1.013 -19.08% 
23-May-11  0.609 9.709 7.476 8.725 -16.71% 
30-May-11 11:15 0.647 9.747 11.073 11.343 -2.44% 
07-Jun-11 11:50 0.583 9.683 7.118 7.227 -1.53% 
25-Jul-11 11:50 0.485 9.585 3.868 3.289 14.96% 
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Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

04-Jun-12 0.515 0.515 9.615 4.479 4.246  5.20% 

17-Jun-13 14:30: 0.527 9.627 5.146 4.685  8.96% 

24-Aug-13 15:50 0.382 9.482 1.271 1.209  4.87% 

25-Oct-13 13:00 0.373 9.473 1.264 1.096 13.32% 
18-Jun-14 15:45 0.56 9.66 6.325 6.078 3.91% 
16-Jul-14 15:00 0.461 9.561 3.027 2.653 12.34% 

27-Aug-14 16:22 0.347 9.447 1.0383 0.814 21.58% 
16-Oct-14 9:48 0.381 9.481 1.38 1.196 13.33% 
28-Jun-15 10:40 0.477 9.577 2.837 3.065 -8.05% 
21-Aug-15 9:15 0.457 9.557 2.45 2.558 -4.39% 
6 May 2016 11:30 0.501 9.601 3.65 3.763 -3.115 

June 21, 2016 14:55 0.509 9.609 4.018 4.039 -0.52% 
August 25, 2016 15:00 0.371 9.471 0.84 1.072 -27.57% 

       
Average Error of Rating Curve (%) 11.99 

Standard Deviation of % error of Rating Curve 0.25 
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Figure 8: Stage-discharge relationship for WQ-01, 2008-2016 data with 10% error bars indicated. 
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Figure 9: Log-Log graph of zero flow adjusted stage vs discharge for WQ-01 - 2008-2016 data  
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Figure 10:  Rating curve of discharge vs zero-flow transformed stage for 2008-2016 data  
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Figure 11:  Stream discharge at WQ-01 for ice-free period for 2016 for WQ-01 
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Figure 12:  Stream discharge at WQ-01 – April to Oct 2015 
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Figure 13:  Stream discharge at WQ-01 – April to Oct 2014 
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Figure 14:  Stream Discharge at WQ-01 – May 2013 to November, 2013  
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Figure 15:: Stream discharge at WQ-01 – 2009, 2010, 2011 and 2012Stream discharge at WQ-01 – 2009, 2010, 2011 and 2012 
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Figure 16: Stream temperature at WQ-01- 2015-2016. 
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Table 5: WQ-01 Monthly summary of streamflow data for 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016 
                

Site Year 
Peak 
flow 

(cms) 

Date of  
Peak 
flow 

Average Flow by Month (cms)1 

Jan Feb March April May June July Aug Sept October November December 

WQ-01 2008 12.9 31 May N/a N/a N/a 1.08 5.08 7.7 4.36 1.46 1 0.89 N/a N/a 
  2009 19.44 8 June N/a 0.97 1.14 1.11 2.24 11.7 4.87 1.07 0.88 0.95 N/a N/a 
 2010 6.52 19 May N/a N/a N/a N/a 2.3 3.6 1.8 0.7 1.6 1.5 N/a N/a 
 2011 9.66 28 May N/a N/a N/a N/a 4.85 6.06 2.97 3.06 2.61 N/a N/a N/a 
 2012 15.00 24 June N/a N/a N/a 0.70 1.71 8.91 3.88 0.97 0.68 0.73 N/a N/a 
 2013 7.59 31 May N/a N/a N/a N/a 2.89 4.31 3.04 0.98 0.74 0.53 N/a N/a 
 2014 10.84 23 May N/a N/a N/a 0.88 10.84 10.3 6.28 1.51 1.81 2.14 N/a N/a 
 2015 18.5 16 May N/a N/a N/a 1.42 9.87 5.01 2.41 2.88 1.65 3.03 N/a N/a 
 2016 6.98 7 June N/a N/a N/a 1.18  4.56  4.77  3.34  1.47  1.85  1.81  N/a N/a 

 
Table 6:Location of benchmarks at WQ-01:  
 
Station Name Station ID BM number Description/Location Years of 

Benchmarking 

Kemess South -
WQ01 

WQ-01 BM#05 

Located on the pine tree next 
to the river bank, just 
downstream of the pressure 
transducer. It is flagged and 
also has an aluminium tag 
marked with BM#05.It is set 
to a permanent arbitrary 
elevation of 10m. 

Established Aug 2007. 
Surveyed: 2007, 2008, 
2009, 2010, 2011, 
2012, 2013, 2014, 2015 

  BM#07 

Located on the small pine tree 
about 12 m north of BM#05. 
It is flagged and also has an 
aluminium tag marked with 
BM#07.  

Established Aug 2007. 
Surveyed: 2007, 2008, 
2009, 2010, 2011, 
2012, 2013, 2014, 2015 
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Table 7: Summary of all benchmarking – WQ-01 
 

Date 

Staff 
Gauge 

Reading 
(m) 

Sensor 
Reading 

(m) 

Elevation 
of BM#05 

(m) - 
backsight 

Elevation 
of BM#05 

(m) - 
frontsight 

Elevation 
of 

BM#07 
(m) 

Elevation of 
bottom of staff 
guage (Gauge 
Datum) (m) 

Elevation 
of Sensor 

(m) 

Elevation of water 
at time of 

measurement (m) 
Comments 

Sensor Height 
corrections 

13-Aug-07 0.48 0.51 10.00 10.00 10.00 9.19 9.46 9.97 
  

15-Oct-08 0.37 0.39 10.00 10.00 10.01 9.19 9.17 9.56 
sensor was re-

installed in 
spring of 2008 

Sensor was 
lowered by 

0.289m 

25-Aug-09 0.45 0.37 10.00 10.00 10.00 9.23 9.31 9.68 
sensor was re-

installed in 
spring of 2009 

sensor was 
raised by 0.13m 

25-Aug-10 0.35 0.28 10.00 10.00 10.01 9.25 9.32 9.60 
sensor was re-

installed in 
spring of 2010 

sensor was 
raised by 

another 0.010m 

21-Aug-12 0.32 0.38 10.00 10.00 10.00 9.24 9.19 9.56 

The new neon 
sensor was 

established in 
2012. 

Sensor was 
lowered by 

0.128m 

02-Oct-13 0.33 0.39 10.00 10.00 10.00 9.25 9.19 9.57 
Sensor was left 

overwinter 
No corrections 

31-Aug-14 0.32 0.38 10.00 10.00 10.00 9.25 9.18 9.57 
Sensor was left 

overwinter 
No corrections 

15-Oct-15 0.44 0.417 10.000 10.000 10.000 9.238 9.261 9.678 
Sensor was left 

overwinter 

sensor was 
raised by 
0.079m 

24‐Jun‐16  0.465  0.38  10.000  10.000  10.000  9.239  9.332  9.704 
Sensor was left 

overwinter 

sensor was 
raised by 
0.071m 
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Figure 17: Kemess Creek at WQ-01 looking downstream, 24 June 2016 Figure 18: Kemess Creek at WQ-01 looking downstream, 30 Aug 2016 
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8 Results for Station WQ-03 

8.1 Stream Discharge Measurements – WQ-03 
 
Table 8: WQ-03 – Discharge Measurement Summary 
 

Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

13-May-08 12:00 0.363  5.813  0.515  0.63  21.66% 

17-Jun-08 7:40 0.64  6.09  4.961  5.33  7.46% 

28-Jun-08 10:15 0.622  6.072  3.99  4.86  21.78% 

02-Aug-08 15:00 0.455  5.905  1.62  1.61  0.39% 

06-Aug-08 14:00 0.439  5.889  1.412  1.40  0.57% 

09-Sep-08 16:45 0.399  5.849  0.907  0.95  4.84% 

15-Oct-08 7:50 0.37  5.82  0.634  0.68  7.83% 

29-Apr-09 9:00 0.35  5.8  0.38  0.53  38.94% 

03-Jun-09 6:48 0.677  6.127  5.607  6.38  13.80% 

22-Jul-09 11:33 0.499  5.949  2.173  2.28  4.83% 

26-Aug-09 7:35 0.463  5.913  1.748  1.72  1.32% 

01-Oct-09 9:55 0.449  5.899  1.659  1.53  7.59% 

21-Oct-09 9:57 0.388  5.838  0.773  0.84  9.13% 

28-Apr-10 12:00 0.338  5.788  0.551  0.45  19.16% 

18-May-10 14:50 0.435  5.885  1.655  1.35  18.18% 

25-May-10 15:15 0.537  5.987  3.189  2.96  7.22% 

01-Jun-10 16:30 0.587  6.037  4.594  4.01  12.68% 

09-Jun-10 8:05 0.559  6.009  3.654  3.40  6.96% 

14-Jul-10 8:15 0.477  5.927  2.013  1.93  4.14% 

10-Aug-10 15:00 0.382  5.832  0.762  0.79  3.43% 

21-Sep-10 16:30 0.444  5.894  1.413  1.47  3.87% 

26-Oct-10 16:30 0.396  5.846  0.819  0.92  12.44% 

15-Nov-10 12:00 0.311  5.761  0.3  0.29  3.93% 

10-May-11  0.306  5.756  0.321  0.26  17.98% 

23-May-11  0.638  6.088  4.727  5.28  11.64% 
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Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

30-May-11  0.725  6.175  7.625  7.90  3.66% 

07-Jun-11 16:45 0.628  6.078  5.223  5.01  4.01% 

25-Jul-11 11:50 0.48  5.93  2.367  1.98  16.55% 

04-Jun-12  0.543  5.993  3.227  3.08  4.70% 

17-Jun-13 13:32 0.597  6.047  4.153  4.24  2.20% 

23-Aug-13 16:35 0.404  5.854  0.904  1.00  10.85% 

25-Oct-13 14:30 0.42  5.87  1.183  1.18  0.57% 

18-Jun-14 16:30 0.625  6.075  4.996  4.94  1.20% 

16-Jul-14 15:35 0.497  5.947  2.659  2.24  15.57% 

27-Aug-14 17:02 0.389  5.839  0.949  0.85  10.11% 

16-Oct-14 8:45 0.411  5.861  1.12  1.08  3.90% 

28-Jun-15 9:51 0.49  5.94  2.41  2.13  11.56% 

21-Aug-15 10:00 0.465  5.915  1.878  1.75  6.64% 

06-May-16 16:50 0.522  5.972  2.861  2.68  6.40% 

22-Jun-16 16:30 0.542  5.992  3.107  3.06  1.65% 

25-Aug-16 15:43 0.391  5.841  0.637  0.87  36.91% 
       

Average Error of Rating Curve (%) 9.71 
Standard Deviation of % error of Rating Curve 8.82 
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Figure 19: Stage-discharge relationship for WQ-03, 2008-2016 data – with 10% error bars indicated. 
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Figure 20: Log-Log graph of zero flow adjusted stage vs discharge for WQ-03 - 2008-2016 data  

A Zero flow stage of 
5.63 provides the 
highest R^2 value for a 
log-log linear regression. 
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Figure 21: Discharge vs zero-flow transformed stage rating curve- WQ-03 2008-2016 data  
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Figure 22: Stream discharge at WQ-03 for ice-free period for 2016 for WQ-03 
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Figure 23: Stream discharge at WQ-03, April 2015 to November 2015. 
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Figure 24: Stream discharge at WQ-03, April 2014 to November 2014. 
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Figure 25: Stream discharge at WQ-03, April 2013 to November 2013.   
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Figure 26: Stream discharge and stream temperature at WQ-03, April 2012 to October 2012.  
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Figure 27: Stream discharge at WQ-03 – 2009, 2010, 2011 and 2012  
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Table 9: WQ-03 – Monthly Summary of Stream flow data 
 
 

Site Year 
Peak 
flow 

(cms) 

Date of  
Peak 
flow 

Average Flow by Month (cms)1 

Jan Feb 
Marc
h April May June July Aug Sept 

Octobe
r 

Novembe
r 

Decembe
r 

WQ-03 2008 7.8 30 May 
N/a N/a N/a N/a 

7.80 
(17) 

4.66 3 1.3 0.82 
1.05 
(15) 

N/a N/a 

  2009 11.46 10 June N/a N/a N/a N/a 1.35 7.14 3.48 N/a 0.75 0.50 0.38 0.39 

 2010 4.4 3 June  0.13 0.07 0.04 0.20 1.79 3.25 1.75 0.83 1.68 1.53 N/a N/a 

 2011 8.83 28 May N/a N/a 0.10 0.13 2.54 4.85 2.35 2.58 2.32 
1.19 
(13) N/a N/a 

 2012 13.27 24 June N/a N/a N/a 0.26 0.91 7.92 3.87 1.30 0.91 0.99 N/a N/a 
 2013 7.86 31 May N/a N/a 0.27 0.06 2.69 4.66 3.13 1.19 0.91 0.92 0.91 N/a 
 2014 8.21 2 June N/a N/a N/a 0.18 3.25 5.24 2.40 0.82 0.91 1.28 N/a N/a 
 2015 9.75 23 May N/a N/a N/a 0.24 4.59 3.27 1.63 1.95 1.22 2.09 1.10 n/a 
 2016 5.5 7 June N/a N/a N/a 0.70  3.43  3.80  2.55  1.13  1.38  1.39  N/a N/a 
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Table 10: WQ-03 – Location of bench mark sites 
 
 
Station Name Station ID BM number Description/Location  Years of Benchmarking 

Kemess South –
WQ03 

WQ-03 BM#01 

Located at the base of the powerpole, just 
to the NW of the bridge crossing. It is 
flagged and also has an aluminium tag 
marked with BM#01.It is set to a 
permanent arbitrary elevation of 10m 
(see photo below). 

Established Aug 2007. 
Surveyed: 2007, 2008, 
2009, 2010, 2011, 2012, 
2013, 2014, 2015 

  BM#02 

Located on top of the bridge abutment 
post on the upstream, river-right side of 
the bridge. It is flagged and also has an 
aluminium tag marked with BM#02. 

Established Aug 2007. 
Surveyed: 2007, 2008, 
2009, 2010, 2011, 2012, 
2013, 2014, 2015 

 
Table 11: Summary of benchmarking – WQ-03 

Date 

Staff 
Gauge 

Reading 
(m) 

Sensor 
Reading 

(m) 

Elevation 
of BM#01 

(m) - 
backsight 

Elevation 
of BM#01 

(m) - 
frontsight 

Elevation 
of BM#02 

(m) 

Elevation of 
bottom of staff 
guage (Gauge 
Datum) (m) 

Elevation 
of Sensor 

(m) 

Elevation of 
water at time 

of 
measurement 

(m) 

Comments 
Sensor Height 

corrections 

13-Aug-07 0.47 
 

10.00 10.00 9.21 5.47 
 

5.95 
  

15-Oct-08 0.39 0.38 10.00 10.00 9.20 5.50 5.50 5.88 
  

25-Aug-09 0.47 0.51 10.00 10.00 9.19 5.47 5.43 5.94 

The sensor 
was re-

established in 
the spring or 

2009 

The sensor was 
lowred by 0.070m 

25-Aug-10 0.41 0.45 10.00 10.00 9.20 5.47 5.43 5.88 

The sensor 
was re-

established in 
the spring or 

2010 

The sensor was 
lowered by 0.006m 
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21-Aug-12 0.41 0.42 10.00 10.00 9.20 5.51 5.50 5.91 

The new 
Neon sensor 
was installed 

in 2012. 

The Neon sensor is   
0.07m higher than 
the WDP probe in 

2010 

02-Oct-13 0.43 0.44 10.00 10.00 9.20 5.51 5.49 5.93 

The neon 
probe was not 
removed for 
the winter 

No adjustments 
were made 

31-Aug-14 0.42 0.40 10.00 10.00 9.20 5.51 5.49 5.90 

The neon 
probe was not 
removed for 
the winter 

No adjustments 
were made 

Oct 15 2015 0.55 0.446 10.000 10.000 9.200 5.487 5.539 5.985 

The neon 
probe was not 
removed for 
the winter 

The probe was 
raised by 0.045m 

22‐Jun‐16  0.65  0.503  10.000  10.001  9.204  5.396  5.538  6.046 

The Staff Gauge 
was re-established 
today after being 
destroyed by ice. 
The bottom of the 
new staff guage is  

0.091 m lower 
than before (this 

number was 
provided to 

Katherine). 

No adjustments 
needed to sensor 

height 
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Figure 28: Kemess Creek at WQ-03 looking upstream, 6 May 2016 Figure 29: Kemess Creek at WQ-03 looking upstream, 25 Aug 2016 
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9 Results for Station WQ-04 

9.1 Stream Discharge Measurements WQ-04 
 
 
Table 12: WQ-04 – Discharge Measurement Summary 
 

Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

13-May-08 10:00 0.13 8.44 0.396 0.322 0.19 
17-Jun-08 9:38 0.466 8.776 4.278 4.346 -0.02 
06-Aug-08 12:00 0.256 8.566 1.024 0.945 0.08 
10-Sep-08 11:45 0.221 8.531 0.713 0.711 0.00 
05-Jul-08 13:30 0.421 8.731 3.59 3.209 0.11 

02-Aug-08 13:30 0.27 8.58 1.01 1.057 -0.05 
23-Aug-08 14:00 0.224 8.534 0.64 0.729 -0.14 
15-Oct-08 9:55 0.181 8.491 0.507 0.507 0.00 
29-Apr-09 8:00 0.05 8.36 0.141 0.150 -0.06 
22-Jul-09 10:45 0.338 8.648 1.617 1.776 -0.10 

25-Aug-09 12:41 0.255 8.565 1.036 0.938 0.09 
01-Oct-09 8:45 0.267 8.577 1.137 1.032 0.09 
21-Oct-09 13:45 0.19 8.5 0.616 0.548 0.11 
18-May-10 13:11 0.28 8.59 1.006 1.143 -0.14 
26-May-10 8:15 0.372 8.682 2.228 2.275 -0.02 
02-Jun-10 16:30 0.405 8.715 3.017 2.872 0.05 
08-Jun-10 8:05 0.361 8.671 2.117 2.101 0.01 
13-Jul-10 7:35 0.242 8.592 1.205 1.161 0.04 

10-Aug-10 16:20 0.148 8.498 0.526 0.538 -0.02 
21-Sep-10 17:25 0.235 8.545 0.774 0.798 -0.03 
26-Oct-10 14:30 0.232 8.542 0.736 0.778 -0.06 
24-May-11  0.42 8.73 3.38 3.187 0.06 
30-May-11  0.503 8.813 5.5 5.532 -0.01 
07-Jun-11  0.392 8.702 2.7 2.622 0.03 
25-Jul-11  0.284 8.594 1.15 1.179 -0.03 

29-Aug-11  0.288 8.598 1.19 1.216 -0.02 
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Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

19-Sep-11  0.222 8.532 0.7 0.717 -0.02 
17-Oct-11  0.186 8.496 0.53 0.529 0.00 
05-Jun-12  0.41 8.72 3.215 2.974 0.07 
26-Oct-13 11:00 0.255 8.565 0.816 0.938 -0.15 
17- Jul- 14 10:16 0.316 8.626 1.412 1.507 -0.07 
18-Oct-14 11:22 0.269 8.579 1.08 1.048 0.03 
28-Aug-14 12:00 0.187 8.497 0.58 0.534 0.08 
24-Aug-15 8:15 0.253 8.563 0.88 0.923 -0.05 
16-Oct-15 14:30 0.328 8.638 1.572 1.649 -0.05 
06-May-16 14:35 0.39 8.7 2.543 2.586 -0.02 
26-Jun-16 9:50 0.359 8.669 1.981 2.071 -0.05 
26-Aug-16 9:40 0.234 8.544 0.75 0.791 -0.05 

       
       

Average Error of Rating Curve (%) 0.0 
Standard Deviation of % error of Rating Curve 0.07 
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Figure 30: Stage-discharge relationship for WQ-04, 2008-2016 data with 10% error bars indicated  
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 Figure 31: Log-Log graph of zero flow adjusted stage vs log of discharge for WQ-04 - 2008-2016 data  
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Figure 32: Discharge vs Zero-flow transformed stage rating curve- 2008-2016 data for WQ-04, with discharge equation. 
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Figure 33: Stream discharge at WQ-04 for ice-free period for 2016.  
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Figure 34: Stream discharge at WQ-04: April 2015 to October 2015.  
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Figure 35: Stream discharge at WQ-04: April 2014 to October 20 2014. 
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Figure 36: Stream discharge at WQ-04: May 2013 to November 2013. 
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Figure 37: Stream discharge and stream temperature at WQ-04: May 2012 to October 2012.  
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Figure 38: Stream discharge at WQ-04 – 2009, 2010, 2011 and 2012  
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Table 13: Monthly summary of streamflow data for WQ-04 for 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016 
 
 
                

Site Year 
Peak 
flow 

(cms) 

Date of  
Peak 
flow 

Average Flow by Month (cms)1 

Jan Feb March April May June July Aug Sept October November December 

WQ-04 2008 7.45 29 May N/a N/a N/a N/a 
7.45 
(17) 3.94 2.2 0.89 0.58 

1.27 
(15) N/a N/a 

  2009 7.66 10 June N/a N/a N/a N/a 1.58 5.21 2.18 N/a 0.68 N/a N/a N/a 
 2010 3.62 2 June N/a N/a N/a 0.61 2.17 2.18 1.06 0.56 0.94 1.02 N/a N/a 

 2011 8.87 28 May N/a N/a N/a N/a 5.17 3.18 1.18 1.10 1.01 
0.62 
(13) N/a N/a 

 2012 13.17 24 June N/a N/a N/a N/a 0.69 5.52 1.75 0.49 0.37 0.40 N/a N/a 
 2013 8.57 27 June N/a N/a N/a N/a 2.18 3.66 2.84 1.09 0.68 0.73 N/a N/a 
 2014 8.65 30 May N/a N/a N/a 0.25 3.29 4.84 1.88 0.65 0.63 0.83   
 2015 10.9 24 May N/a N/a N/a 0.28 4.58 2.55 1.27 1.49 .97 1.77 n/a n/a 
 2016 4.86 5 June  N/a N/a N/a 0.52 2.90 3.12 2.49 1.15 1.23 1.11(15) n/a n/a 

1Note: The number in parenthesis represents the number of days in the months of available data for months that don’t have a complete dataset.  
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Table 14: Location of benchmarks at WQ-04  
 
Station Name Station ID BM 

number 
Description/Location  Years of 

Benchmarking 
Kemess North - 04 Kem-04 

BM#1 

Identified with a set of large nails 
pounded into the base of the spruce tree 
located just adjacent and downstream of 
the lower parking lot, also has a metal 
tagged marked with BM#1. Set to an 
arbitrary elevation of 10m. 

Established 28 July 
2003,surveyed: 2003, 
2004, 2012, 2013, 
2014, 2015 

  
BM#2 

Identified with a set of large nails 
pounded into the base of the spruce tree 
located about 8 m North of BM#1. Also 
has a metal tagged marked with BM#2.  

Established 28 July , 
2003,surveyed: 2003, 
2004, 2012, 2013, 
2014, 2015 

 
Table 15: Summary of all benchmarking – WQ-04 

Date 

Staff Gauge 
Reading (m) 

Sensor 
Reading 

(m) 

Elevation of 
BM#10 (m) 
- backsight 

Elevation of 
BM#10 (m) 
- frontsight 

Elevation 
of BM#08 

(m) 

Elevation of 
bottom of 

staff guage 
(Gauge 

Datum) (m) 

Elevation 
of Sensor 

(m) 

Elevation of 
water at time 

of 
measurement 

(m) 

Comments 
Sensor 
Height 

corrections 

13-Aug-07 0.595 
 

10.000 10.000 9.720 7.855 
 

8.450 
  

15-Oct-08 0.295 0.181 10.000 10.000 9.718 8.346 8.176 8.357 
  

25-Aug-09 0.07 0.225 10.000 10.001 9.724 8.345 8.190 8.415 

The sensor 
was re-

established 
in the 

spring or 
2009 

Sensor 
corrected 

by 
+0.014m 

25-Aug-10 0.13 0.171 10.000 10.000 9.720 8.350 8.309 8.480 

The sensor 
was re-

established 
in the 

spring or 
2010 

Sensor 
corrected 

by +0.12m 
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21-Aug-12 0.15 0.142 10.000 10.000 9.721 8.350 8.229 8.371 

The new 
Neon 

sensor was 
installed in 

2012 

Sensor 
corrected 

by -0.080m 

02-Oct-13 0.185 0.215 10.000 10.000 9.726 8.350 8.186 8.401 

New 
spring 

install of 
Neon is 
0.043 m 

lower 

Sensor 
corrected 
by -0.04 

31-Aug-14 0.13 0.159 10.000 10.000 9.722 8.350 8.197 8.356 
  

16-Oct-15 0.255 0.316 10.000 10.000 9.721 8.352 8.192 8.508 
 

Sensor 
lowered by 

0.005 m 

27-Jun-16 0.349 0.522 10.000 10.000 8.860 7.067 6.948 7.470 
Not 

removed 
0.005 
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10 Results for Station WQ-05 

10.1 Stream Discharge Measurements - WQ-05 
 
Table 16: WQ-05 – Discharge Measurement Summary 

Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

13-May-08 8:00 0.331 8.531 0.108 #N/A  
17-Jun-08 9:05 0.518 8.718 1.03 0.989 4.0% 
06-Aug-08 11:41 0.434 8.634 0.419 0.401 4.3% 
10-Sep-08 12:20 0.391 8.591 0.233 0.239 -2.5% 
01-Jul-08 10:20 0.548 8.748 1.12 1.286 -14.8% 
05-Jul-08 10:20 0.561 8.761 1.23 1.428 -16.1% 

02-Aug-08 16:15 0.437 8.637 0.48 0.416 13.4% 
23-Aug-08 14:30 0.396 8.596 0.25 0.253 -1.1% 
15-Oct-08 9:02 0.36 8.56 0.145 0.180 -24.3% 
29-Apr-09 7:40 0.345 8.545 0.127 #N/A  
03-Jun-09 15:03 0.536 8.736 1.133 1.161 -2.5% 
22-Jul-09 10:15 0.448 8.648 0.488 0.474 2.9% 

25-Aug-09 12:21 0.464 8.664 0.628 0.570 9.3% 
01-Oct-09 8:25 0.413 8.613 0.388 0.310 20.1% 
21-Oct-09 13:30 0.367 8.567 0.195 0.189 3.0% 
18-May-10 14:00 0.406 8.606 0.291 0.285 2.2% 
25-May-10 7:00 0.499 8.699 0.796 0.824 -3.6% 
02-Jun-10 16:30 0.545 8.745 1.227 1.254 -2.2% 
09-Jun-10 15:00 0.504 8.704 0.914 0.866 5.3% 
13-Jul-10 7:11 0.486 8.686 0.772 0.723 6.4% 

10-Aug-10 15:05 0.399 8.599 0.246 0.262 -6.4% 
21-Sep-10 17:05 0.464 8.664 0.596 0.570 4.4% 
26-Oct-10 17:00 0.329 8.529 0.106 #N/A #N/A 
23-May-11  0.465 8.665 0.578 0.576 0.3% 
30-May-11  0.604 8.804 2.154 1.962 8.9% 
07-Jun-11  0.576 8.776 1.609 1.604 0.3% 
05-Jun-12  0.514 8.714 0.871 0.953 -9.4% 
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Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

17-Jun-13 10:00 0.499 8.699 0.94 0.824 12.3% 
23-Aug-13 12:05 0.411 8.611 0.237 0.302 -27.6% 
26-Oct-13 10:15 0.403 8.603 0.203 0.275 -35.2% 
19-Jun-14 11:00 0.663 8.863 1.25 1.21 0.04 
17-Jul-14 9:50 0.577 8.777 0.887 0.83 0.07 

28-Aug-14 11:40 0.498 8.698 0.538 0.50 0.07 
18-Oct-14 11:00 0.534 8.734 0.756 0.64 0.15 
28-Jun-15 8:30 0.6 8.8 0.882 0.93 -0.05 
21-Aug-15 16:10 0.561 8.761 0.733 0.76 -0.03 
16-Oct-15 13:45 0.58 8.78 0.72 0.84 -0.16 
06-May-16 14:06 0.517 8.717 0.555 0.58 -0.04 
26-Jun-16 9:00 0.618 8.818 1.032 1.00 0.03 
26-Aug-16 10:40 0.497 8.697 0.448 0.49 -0.10 

       
Average Error of Rating Curve (%) -1.4 

Standard Deviation of % error of Rating Curve 0.117 
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Figure 39: Stage-discharge relationship for WQ-05, 2008-2016 data, with 10% error bars indicated.  



2016 Annual Report-KS Hydrometric Program  for: AuRico Metals Kemess Mines 

P. Beaudry and Associates Ltd Page 68 November 2016 
Integrated Watershed Management 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 40: Log-Log graph of zero flow adjusted stage vs log of discharge for WQ-05 - 2008-2016 data  



2016 Annual Report-KS Hydrometric Program  for: AuRico Metals Kemess Mines 

P. Beaudry and Associates Ltd Page 69 November 2016 
Integrated Watershed Management 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 41: Zero-flow transformed stage vs discharge rating curve- 2008-2016 data for WQ-05  
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Figure 42: Stream discharge at WQ-05 for ice-free period for 2016. 
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Figure 43: Stream discharge at WQ-05 – April to October 2015. 
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Figure 44: Stream discharge at WQ-05 – April 2014 to November 2014.  
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Figure 45: Stream discharge at WQ-05 – May 2013 to November 2013.  
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Figure 46: Streamflow at WQ-05 – May 2012 to October 2012. 
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Figure 47: Stream discharge at WQ-05 – 2009, 2010, 2011 and 2012  
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Table 17: Monthly summary of streamflow data for WQ-05 for 2008 to 2016 
                

Site Year 
Peak 
flow 

(cms) 

Date of  
Peak 
flow 

Average Flow by Month (cms)1 

Jan Feb 
Marc
h April May June July Aug Sept 

Octobe
r 

Novembe
r 

Decembe
r 

WQ-05 2008 1.85 30May N/a N/a N/a N/a 
1.85 
(17) 1.05 0.87 0.36 0.22 

0.26 
(15) N/a N/a 

  2009 2.69 9 June N/a N/a N/a N/a N/a 1.77 1.03 0.29 0.5 0.25 N/a N/a 
 2010 1.46 25 June N/a N/a N/a 0.16 0.45 1.01 0.58 0.30 0.58 0.33 N/a N/a 

 2011 2.25 28 May N/a N/a N/a N/a 0.85 1.21 0.39 0.73 0.58 
0.17 
(13) N/a N/a 

 2012 3.32 24 June N/a N/a N/a N/a 0.24 1.83 1.09 0.43 0.32 0.27 N/a N/a 
 2013 1.90 31 May N/a N/a N/a N/a 0.70 1.04 0.75 0.30 0.41 0.34 0.55 N/a 
 2014 2.00 30 May N/a N/a N/a 0.29 0.93 1.44 0.87 0.42 0.49 0.47 0.44 N/a 
 2015 2.03 23 May N/a N/a N/a 0.17 1.05 1.09 0.64 0.77 0.48 0.76 n/a n/a 
 2016 1.82 17 Aug  N/a N/a N/a 0.25 0.83 1.10 0.78 0.49 0.41 0.46 n/a n/a 

1Note: The number in parenthesis represents the number of days in the months of available data for months that don’t have a complete dataset.  
 
 
Table 18: Location of benchmarks at WQ-05  
Station Name Station ID BM number Description/Location  Years of Benchmarking 

Kemess South - 
WQ05 

WQ-05 BM#01 

Located on the large spruce tree at the 
base of the solar panel. It is flagged and 
also has an aluminium tag marked with 
BM#01. It is set to a permanent 
arbitrary elevation of 10m.  

Established Aug 2007. Surveyed: 
2007, 2008, 2009, 2010, 2011, 2012, 
2013, 2014, 2015 

  BM#02 

Located at the base of a spruce tree 
about 14 m downstream of BM#1. It is 
flagged and also has an aluminium tag 
marked with BM#02 

Established Aug 2007. Surveyed: 
2007, 2008, 2009, 2010, 2011, 2012, 
2013, 2014, 2015 
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Table 19: Summary of all benchmarking – WQ-05 

Date 
Staff Gauge 
Reading (m) 

Sensor 
Reading 

(m) 

Elevation of 
BM#01 (m) 
- backsight 

Elevation of 
BM#1 (m) - 
frontsight 

Elevation 
of BM#2 

(m) 

Elevation of 
bottom of 

staff guage 
(Gauge 

Datum) (m) 

Elevation 
of Sensor 

(m) 

Elevation of 
water at time 

of 
measurement 

(m) 

Comments 
Sensor Height 

corrections 

25-Aug-09 0.27 0.369 10.000 10.000 9.724 9.032 8.933 9.302 
The older PDL 
sensor was used 

at old site 
 

25-Aug-10 0.21 0.317 10.000 10.000 9.720 9.035 8.928 9.245 
  

21-Aug-12 0.325 0.224 10.000 10.000 9.721 8.100 8.201 8.425 
New Neon 

Probe - moved 
location 

 

02-Oct-13 0.3 0.254 10.000 10.000 9.689 8.110 8.151 8.405 

New 
benchmark - 

probe re-
installed 

 

31-Aug-14 0.415 0.38 10.000 10.000 9.688 8.096 8.158 8.538 
 

sampling bridge 
collapsed, causing 
pool upstream and 

rising level of water. 
New curve 
developped

16‐Oct‐15  0.475  0.45  10.000  10.000  9.695  8.115  8.165  8.660 
 

sensor was raised by 
0.007m 

26-Aug-16 0.4 0.348 10.000 10.000 9.689 8.107 8.200 8.547 

Note that the Level 
was not functioning 
properly this year 
and was sent back 
for calibration – 

which could explain 
some of the big 

changes seen this 
year 

sensor was raised by 
0.035m – see 

important comment to 
the left 
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Figure 48: Kemess Creek at WQ-05 looking upstream, 6 May 2016 Figure 49: Kemess Creek at WQ-05 looking downstream, 6 May 2016 
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11 Results for Station WQ-13 

11.1 Stream Discharge Measurements - WQ-13 
 
Table 20: WQ-13 – Discharge Measurement Summary-2008-2016 

Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

12-May-08 15:00 0.42 6.122 6.471 5.686 12.13% 
16-Jun-08 14:47 0.739 6.441 15.939 15.511 2.69% 
01-Jul-08 14:40 0.633 6.335 11.37 11.567 1.73% 
08-Jul-08 15:00 0.553 6.255 9.63 9.053 5.99% 

01-Aug-08 7:30 0.305 6.007 3.85 3.518 8.63% 
05-Aug-08 14:15 0.255 5.957 3.401 2.769 18.57% 
09-Sep-08 15:00 0.197 5.899 2.521 2.036 19.22% 
15-Oct-08 13:52 0.174 5.876 1.823 1.784 2.15% 
03-Jun-09 12:15 0.998 6.7 29.168 28.396 2.65% 
22-Jul-09 13:05 0.413 6.115 5.514 5.535 0.39% 

26-Aug-09 9:15 0.334 6.036 3.799 4.004 5.40% 
01-Oct-09 11:00 0.366 6.068 4.608 4.587 0.45% 
21-Oct-09 15:00 0.216 5.918 2.43 2.261 6.95% 
28-Apr-10 10:40 0.333 6.035 3.968 3.987 0.47% 
18-May-10 16:00 0.614 6.316 11.111 10.935 1.59% 
25-May-10 7:00 0.755 6.457 16.99 16.170 4.83% 
02-Jun-10 15:55 0.751 6.453 15.88 16.004 0.78% 
08-Jun-10 16:35 0.612 6.314 11.19 10.869 2.86% 
13-Jul-10 7:00 0.345 6.047 4.221 4.199 0.52% 

10-Aug-10 15:27 0.255 5.957 2.731 2.769 1.41% 
09-Sep-10 15:27 0.272 5.974 3.124 3.011 3.61% 
10-May-11  0.264 5.966 2.874 2.896 0.76% 
23-May-11  1.144 6.846 40.097 37.900 5.48% 
30-May-11  1.021 6.723 33.488 29.781 11.07% 
07-Jun-11 14:25 0.763 6.465 15.821 16.506 4.33% 
25-Jul-11 11:10 0.594 6.296 9.938 10.293 3.57% 
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Date Time 
Adjusted 

transducer depth 
(m) 

Stage (m) 
Measured 

Discharge (m3/sec)
Rating Curve 

Discharge (m3/sec)
Rating Curve error  

04-Jun-12  0.844 6.546 18.736 20.155 7.57% 
25-Jul-11  1.4 7.102 55 58.913 7.12% 
17-Jun-13 14:50 0.645 6.347 10.869 11.977 10.20% 
24-Aug-13 15:00 0.31 6.012 3.1 3.599 16.09% 
25-Oct-13 12:00 0.296 5.998 2.969 3.375 13.67% 
18-Jun-14 15:00 0.604 6.306 10.758 10.611 1.37% 
16-Jul-14 14:30 0.344 6.046 4.01 4.181 4.27% 

28-Aug-14 15:30 0.152 5.854 1.386 1.561 12.66% 
16-Oct-14 9:31 0.383 6.085 4.55 4.917 8.07% 
21-Aug-15 8:35 0.33 6.032 3.825 3.935 2.87% 
06-May-16 15:00 0.721 6.423 14.0808 14.600 3.69% 
25-Jun-16 16:15 0.464 6.166 6 6.693 11.55% 
25-Aug-16 14:20 0.188 5.89 1.75 1.935 10.58% 

       
       

Average Error of Rating Curve (%) 6.16% 
Standard Deviation of % error of Rating Curve 5.25% 
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Figure 50: Stage-discharge relationship for WQ-13, 2008-2016 data with the 10% error bars indicated on the chart  
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Figure 51: Log-Log graph of zero flow adjusted stage vs log of discharge for WQ-13 - 2008-2016 data 
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Figure 52: Zero-flow transformed stage vs discharge rating curve- 2008-2016 data for WQ-13  
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Figure 53: Stream discharge at WQ-13 for ice-free period for 2016. 
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Figure 54: Stream discharge at WQ-13 – April to 17 November 2015 
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Figure 55: Stream discharge at WQ-13 – May 2014 to November 2014. 
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Figure 56: Stream discharge at WQ-13 – May 2013 to November 2013.  
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Figure 57: Stream discharge and stream temperature at WQ-13 – April 2012 to October 2012. 
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Figure 58 Stream discharge at WQ-13 – 2009, 2010, 2011 and 2012  
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Table 21: Monthly summary of streamflow data for WQ-13 for 2008 to 2016 
                

Site Year 
Peak 
flow 

(cms) 

Date of  
Peak 
flow 

Average Flow by Month (cms)1 

Jan Feb March April May June July Aug Sept October November December 

WQ-13 2008 45.2 30 May N/a N/a N/a N/a 
32.1 
(16) 17.7 7.45 

2.82 2.29 
2.27 
(15) 

N/a N/a 

  2009 46.15  9 June N/a N/a N/a N/a 11.42 26.7 8.58 3.09 4.95 3.47 N/a N/a 
 2010 20.60 27 May N/a N/a N/a N/a N/a 10.86 4.27 2.49 4.52 5.58 N/a N/a 
 2011 42.16 24 May N/a N/a N/a 2.95 15.89 17.49 9.48 7.15 7.45 6.23 N/a N/a 
 2012 58.33 10 June N/a N/a N/a 1.95 10.67 35.08 11.78 4.11 2.66 3.05 N/a N/a 
 2013 33.03 31 May N/a N/a N/a N/a 16.58 15.26 10.53 3.91 2.57 3.19 5.43 N/a 

 2014 38.89 24 May N/a N/a N/a N/a 
29.11 
(16) 14.33 5.76 1.87 1.97 5.35 3.58  

 2015 51.9 16 May N/a N/a N/a 7.24 25.35 10.61 3.9 5.09 4.15 6.96 4.06 N/a 

 
2016 19.84 4 May N/a N/a N/a 5.95 14.62 9.73 6.30 2.57 5.16 

4.61 
(15) 

N/a N/a 

1Note: The number in parenthesis represents the number of days in the months of available data for months that don’t have a complete dataset.  
 
Table 22: Location of the benchmarks at WQ-13 
Station Name Station ID BM number Description/Location  Years of Benchmarking 

Kemess South - 
WQ013 

WQ-13 BM#04 

Was located on the base of the bridge abutment 
and was given a arbitrary elevation of 10m. This 
BM was abandoned in 2014 because of 
dangerous access. It is flagged and also has an 
aluminium tag marked with BM#04 

Established Aug 2007. Surveyed: 2007, 2008, 
2009, 2010, 2011, 2012, 2013, 2014, 2015, 
2016 

  

BM#4b 

This BM was installed in 2014 to replace 
BM#04. Based on the 10 m reference elevation 
of BM#4, this BM was measured to have an 
elevation of 7.401m, which is now the new 
reference benchmark. It is located at the base of 
a large pine tree located on the edge of the 
stream about 12m downstream of the pressure 
transducer.  It is flagged and also has an 
aluminium tag marked with BM#4b 

Established Aug 2014. Surveyed in 2014, 
2015 and 2016.  

  

BM-03 

This BM is located at the base of a pine tree 
located about 5 m to the North of BM#4b. It is 
flagged and also has an aluminium tag marked 
with BM#03 

Established Aug 2007. Surveyed: 2007, 2008, 
2009, 2010, 2011, 2012, 2013, 2014, 2015, 
2016 
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Table 23: Summary of all benchmarking – WQ-13 

Date 
Staff Gauge 
Reading (m) 

Sensor 
Reading (m) 

Elevation of 
BM#04 (m) - 

backsight 

Elevation of 
BM#4 (m) - 
frontsight 

Elevation of 
BM#3 (m) 

Elevation of 
bottom of staff 
guage (Gauge 
Datum) (m) 

Elevation 
of Sensor 

(m) 

Elevation of 
water at time 

of 
measurement 

(m) 

Comments 
Sensor 
Height 

corrections 

13-Aug-07 0.45 0.375 10.00 10.00 7.450 5.750 5.825 6.200 

    

15-Oct-08 0.249 0.174 10.00 10.00 7.440 5.770 5.845 6.019 

    

25-Aug-09 0.405 0.334 10.00 10.001 7.450 5.735 5.806 6.140 The sensor was re-
established in the spring or 
2009 

The sensor 
was lowered 
by 0.039m. 

25-Aug-10 0.29 0.218 10.00 10.00 7.450 5.735 5.807 6.025 The sensor was re-
established in the spring or 
2010 

The sensor 
was not 
adjusted 

21-Aug-12 0.325 0.397 10.00 10.00 7.452 5.732 5.660 6.057 
The new neon sensor was 
established in 2012 

The elevation 
of the sensor 
was lowered 
by 0.147m 

02-Oct-13 0.365 0.422 10.00 10.00 7.450 5.730 5.656 6.078 

  
No 
adjustments 

31-Aug-14 0.26 0.291 7.401 7.401 7.450 5.732 5.701 5.992 
The old BM#4 was lost 
and replaced by BM#4b 

No 
adjustments 

15-Oct-15 0.655 0.648 7.378 7.376 7.452 5.698 5.669 5.349  
No 

adjustments 

25-Jun-16 0.581 0.56 7.452 7.453 7.395 5.681 5.702 6.262 

The new reference BM is 
BM#3, which has an 
elevation of 7.452. Note that 
there was significant 
problems with the Level in 
2016, which could explain 
the huge changes we see in 
sensor height. Better to 
ignore this year’s 
benchmarking  

-0.001 
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Figure 59: Kemess Creek at WQ-13 looking downstream, 26 June 2016 Figure 60: Kemess Creek at WQ-13 looking upstream, 25 Aug 2016 
 
 
  



2016 Annual Report-KS Hydrometric Program  for: AuRico Metals Kemess Mines 

P. Beaudry and Associates Ltd Page 93 November 2016 
Integrated Watershed Management 

12 Climate Monitoring Results 

12.1 Kemess South Pit Weather Station 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 61: Air temperature at Kemess South Pit weather station January to October 2016.   
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Figure 62: Hourly precipitation at Kemess South Pit Weather station – January to Oct 2016.
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Figure 63: Snow depth at Kemess South Pit Weather station – January to October 2016
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Figure 64: Relative Humidity at the Kemess South Pit Weather station – January to October 2016  
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Table 24: Summary Table for Monthly Average Air Temperature for the Kemess South Pit Weather Station 
 

Monthly 
Average Air 
Temperature  

(C ) 

20
08

 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

January -11.76 -11.1 -7.96 -12.82 -15.30 -7.51 -5.72 ‐7.39  ‐7.99 

February -10.40 -10.9 -4.41 -12.64 -7.37 -6.37 -14.33 ‐7.41  ‐5.08 

March -6.50 -9.1 -3.58 -8.13 -6.96 -7.41 -9.58 ‐3.80  ‐2.61 

April -3.55 -1.4 -0.25 -3.08 -0.83 -3.54 -1.18 ‐1.10  1.95 

May 6.88 3.3 4.48 4.97 4.92 5.85 5.31 7.61  5.81 

June 6.64 9.2 8.01 8.41 6.74 9.79 7.73 9.84  9.87 

July 9.28 14.3 9.93 8.57 12.37 10.61 12.00 11.01  10.97 

August 9.04 9.8 10.55 7.63 10.71 11.76 11.44 8.15  11.22 

September 5.51 5.7 4.55 5.15 6.89 8.02 6.53 3.48  4.69 

October 1.11 -2.5 0.00 n/a -2.4 1.73 0.25 0.77  ‐2.14 

November -0.95 -7.2 n/a n/a -8.25 -7.81 ‐7.15  ‐5.18   

December -15.08 -13.3 n/a n/a -12.29 -8.79 ‐7.86    

Yearly -0.81 -2.20 -0.98 0.5275 -0.12   
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Table 25: Summary Table for Monthly Maximum Air Temperature for the Kemess South Pit Weather Station 
 

Monthly Maximum Air 
Temperature (C ) 20

08
 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

January 3.28 4.0 1.23 -0.55 -2.37 1.49 7.921 1.62  1.98 

February 3.21 0.2 9.25 -1.12 1.50 1.36 0 7.28  5.72 

March 2.39 1.5 3.53 5.70 4.94 7.63 3.849 7.71  16.27 

April 5.91 13.2 14.35 7.83 8.71 9.12 9.52 8.97  16.94 

May 17.76 15.3 15.83 17.92 15.43 19.66 19.24 23.43  22.96 

June 18.67 17.6 21.57 20.32 20.30 26.90 20.06 22.54  24.56 

July 26.16 30.1 23.60 23.54 24.93 26.41 29.59 28.36  26.10 

August 26.16 25.5 26.81 20.97 25.36 28.23 28.32 21.93  25.38 

September 18.54 19.5 15.36 18.48 22.93 25.13 21.26 13.38  16.68 

October 18.14 7.6 16.05 n/a 8.9 11.69 9.22 12.26  6.22 

November -0.42 1.4 n/a n/a 0.86 0.48 2.961    

December -0.46 -1.6 n/a n/a -3.35 1.06 0.89    

Yearly 26.16 30.07 10.67 13.2 29.59   
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Table 26: Summary Table for Monthly Minimum Air Temperature for the Kemess South Pit Weather Station 
 

Monthly 
Minimum 

Air 
Temperature 

(C ) 

20
08

 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

January -36.21 -32.5 -25.75 -31.05 -37.07 -24.82 -17.68 ‐27.46  ‐16.49 

February -34.07 -28.1 -12.39 -30.69 -20.48 -14.76 -26.2 ‐23.31  ‐15.63 

March -16.66 -27.5 -15.95 -31.24 -19.03 -19.65 -28.41 ‐17.20  ‐12.82 

April -10.73 -14.2 -14.68 -12.00 -13.36 -15.71 -12.69 ‐8.79  ‐6.89 

May -2.30 -4.2 -6.15 -6.07 -6.28 -9.82 -7.437 ‐6.01  ‐4.96 

June -3.15 3.4 -1.83 0.05 -2.21 -1.62 -2.532 0.48  ‐0.47 

July -0.37 4.5 0.08 -0.05 1.14 1.34 2.709 2.70  3.52 

August -0.92 0.2 0.95 0.79 1.62 2.56 1.455 ‐1.56  2.03 

September -4.22 -3.7 -4.27 -2.37 -2.05 -1.35 -3.547 ‐3.98  ‐4.45 

October -9.23 -13.6 -6.50 n/a -3.2 -4.43 -8.83 ‐7.64  ‐9.13 

November -2.22 -14.9 n/a n/a -8.58 -28.24 -26.1   

December -29.97 -30.6 n/a n/a -12.70 -24.13 ‐21.01    

Yearly -36.21 -32.51 n/a n/a -10.18 -11.72 ‐28.41    
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Table 27: Summary Table for Monthly Average Relative Humidity for the Kemess South Pit Weather Station 
 

Monthly Average Relative Humidity 
(%) 20

08
 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

January 81.79 76.57 83.29 82.28 81.2 84.98 86.75 85.79  83.08 

February 80.75 76.72 77.28 78.42 79.8 84.86 65.72 75.55  83.43 

March 77.39 62.13 74.60 73.66 81.2 66.61 63.43 73.73  71.13 

April 69.53 65.10 57.16 63.56 69.8 65.96 71.62 67.16  65.89 

May 59.51 46.77 52.73 66.52 70.87 59.70 58.58 54.65  60.91 

June 62.80 60.16 60.98 69.42 67.85 68.41 62.47 63.18  63.10 

July 68.17 72.01 65.50 79.16 54.08 70.70 62.28 67.19  75.75 

August 72.40 81.25 67.84 75.60 64.96 71.41 62.63 77.95  68.65 

September 74.81 78.57 73.27 79.61 75.35 70.12 74.94 78.19  79.14 

October 77.54 88.43 81.81 n/a 75.94 78.99 86.49 81.61  77.56 

November 88.00 82.17 n/a n/a 84.89 83.77 81.16   

December 80.72 82.17 n/a n/a 81.93 84.57 74.31   

Yearly 74.45 72.67 73.89 74.17 70.86   
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Table 28: Summary Table for Total Monthly Precipitation for the Kemess South Pit Weather Station 
 

Total Monthly Precipitation 
(mm) 20

08
 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

January 30.48 66.0 n/a 38.35 27.43 55.56 21.3 52.58  17.02 

February n/a 42.0 n/a n/a 69.60 33.53 19.8 48.77  49.28 

March n/a 95.5 n/a n/a 117.35 19.81 38.8 33.02  23.11 

April n/a 71.4 n/a n/a 49.28 34.80 78.0 0.00  34.29 

May n/a 66.8 n/a 36.25 45.47 33.78 26.7 0.00  40.13 

June 39.45 n/a 54.25 38.10 67.82 77.72 49.8 1.78  52.83 

July 58.17 n/a 26.92 n/a 23.37 116.84 59.7 102.87  70.87 

August 38.55 32.9 46.48 61.47 47.75 30.99 24.6 57.66  49.28 

September 11.43 68.6 37.59 40.13 38.86 40.39 54.1 27.94  57.15 

October 40.07 50.5 30.48 23.11 30.99 77.5 73.66  12.70 

November 65.08 32.3 n/a 43.94 61.47 35.6   

December 67.57 n/a n/a n/a 90.68 27.9    

Yearly   
626.56 513.8    
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Table 29: Summary Table for Average Monthly Snow Depth for the Kemess South Pit Weather Station 
 

Monthly Average Snow 
Depth (cm) 20

08
 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

January 79.17 94.6 60.01 71.81 96.60 75.2 89.86 90.64  60.67 

February 99.59 120.4 68.09 94.07 105.98 95.0 94.40 116.06  86.50 

March 112.88 129.4 80.47 100.96 114.60 103.6 108.89 113.71  96.17 

April 107.90 125.3 68.66 93.98 103.78 104.6 116.25 102.52  72.02 

May 25.71 48.3 0.00 36.87 72.18 44.3 52.72 37.72  11.71 

June 0.00 0.0 0.00 0.00 0.00 0.0 0.00 0.00  9.58 

July 0.00 0.0 0.00 0.00 0.00 0.0 0.00 0.00 19.53 

August 0.00 0.0 0.00 0.00 0.00 0.0 0.00 0.00 20.39 

September 0.00 4.2 0.00 0.00 0.00 0.0 0.00 0.00 2.22 

October 0.79 5.4 1.09 n/a 19.45 6.4 5.67 0.86  3.32 

November 69.49 34.8 n/a n/a 32.78 24.21 32.73 90.64   

December 66.57 43.4 n/a n/a 61.46  68.83  
 

Yearly 46.84 50.48 50.6  51.07   
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12.1 Results for the Dam Weather Station 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 65: Air Temperature at the Dam Weather Station – January to October 2016  
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Figure 66: Relative Humidity at the Dam Weather Station – January to October 2016 
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Figure 67: Snow Depth at the Dam Weather Station – January to Oct 24, 2016 
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Figure 68: Wind Speed at the Dam Weather Station – January to Oct 2016  
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Figure 69: Hourly Precipitation at the Dam Weather Station – January to October 2016 
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Figure 70: Net Radiation at the Dam Weather Station – January to October 2016 
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Figure 71: Average wind directions at the Dam weather station – January to Oct 24 2016  
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Figure 72: Average wind speeds at the Dam weather station – January to October 24 2016
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Table 30: Summary Table for Monthly Average Air Temperature for the Kemess South Dam Weather Station 
 

Monthly Average Air 
Temperature (C ) 20

12
 

20
13

 

20
14

 

20
15

 

20
16

 

January -7.47 -6.94 ‐7.66  ‐8.57 

February -6.85 -16.43 ‐9.16  ‐5.74 

March -9.49 -10.32 ‐5.15  ‐3.56 

April -4.49 -2.17 ‐2.16  1.22 

May 4.68 3.90 5.66  4.89 

June 9.46 7.04 9.34  9.51 

July 10.52 11.77 10.79  11.00 

August 10.37 11.74 11.62 8.45  11.39 

September 6.80 8.13 6.75 3.75  5.01 

October -3.63 1.82 0.92 1.09  ‐1.76 

November -8.46 -7.86 ‐7.21     

December -12.26 -9.18 ‐8.56    

Yearly 0.084 -0.80   
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Table 31: Summary Table for Monthly Average Relative Humidity for the Kemess South Dam Weather Station 
 

Monthly Average Relative 
Humidity (%) 20

12
 

20
13

 

20
14

 

20
15

 

20
16

 

January n/a 82.34 82.04 80.31  79.19 

February n/a 81.73 64.10 72.50  77.37 

March n/a 69.35 60.12 70.81  67.25 

April n/a 65.96 68.85 65.27  62.66 

May n/a 61.34 60.28 56.10  59.05 

June n/a 66.32 61.68 61.10  60.33 

July n/a 67.55 60.10 63.10  70.30 

August 69.91 69.05 60.38 70.18  63.20 

September 69.72 67.62 69.86 71.46  72.45 

October 75.26 76.21 76.31 75.55  71.08 

November 82.82 79.56 74.91  76.40   

December 80.34 80.18 79.10    

Yearly 72.3 68.14   
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Table 32: Summary Table for Monthly Average Snow Depth for the Kemess South Dam Weather Station 
 

Monthly Average Snow Depth 
(cm) 20

12
 

20
13

 

20
14

 

20
15

 

20
16

 

January n/a 48.81 62.9 67.46  35.28 

February n/a 63.39 68.3 84.81  53.12 

March n/a 66.71 73.5 96.10  61.62 

April n/a 69.33 87.2 99.97  49.87 

May n/a 22.41 40.8 42.92  4.09 

June n/a 0.00 0.2 0.00  0.10 

July n/a 0.00 0.0 0.00  0.21 

August 7.50 0.00 0.0 0.00  0.15 

September 7.49 0.55 0.0 0.00  0.05 

October 10.98 0.39 3.2 1.49  0.97 

November 22.26 15.80 15.65    

December 30.47 46.35 33.38    

Yearly 27.82 32.10   
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Table 33: Summary Table for Monthly Average Wind Speed for the Kemess South Dam Weather Station 
 

Monthly Average Wind Speed 
(m/sec) 20

12
 

20
13

 

20
14

 

20
15

 

20
16

 

January n/a 1.92 1.96 2.06  1.50 

February n/a 2.22 2.03 2.00  1.99 

March n/a 2.09 3.10 2.50  2.71 

April n/a 3.31 2.93 3.27  2.88 

May n/a 2.64 2.30 2.47  2.59 

June n/a 2.32 2.58 2.64  2.51 

July n/a 2.28 2.39 2.66  2.16 

August 2.15 2.21 2.31 2.43  2.70 

September 2.57 2.79 2.45 2.36  2.35 

October 2.75 2.10 3.00 2.16  2.75 

November 2.30 1.91 1.89  2.48   

December 1.84 2.21 1.85    

Yearly 2.33 2.40   
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Table 34: Summary Table for Monthly Average Net Radiation for the Kemess South Dam Weather Station 
 

Monthly Average Net Radiation 
(W/m2) 20

12
 

20
13

 

20
14

 

20
15

 

20
16

 

January n/a -12.27 -20.94 ‐11.76  ‐10.78 

February n/a -20.61 -28.18 ‐13.86  ‐17.59 

March n/a -30.89 -25.06 ‐19.75  ‐16.82 

April n/a -15.79 -16.98 ‐8.52  ‐10.75 

May n/a 55.40 28.10 45.25  83.05 

June n/a 87.44 106.20 94.67  110.60 

July n/a 81.12 90.69 73.53  71.43 

August 53.24 55.48 56.92 49.26  64.24 

September 25.67 27.57 23.95 20.03  25.39 

October -10.48 -0.19 -6.71 ‐6.34  1.90 

November -13.92 -18.75 ‐15.05  ‐14.02   

December -12.78 -14.98 ‐11.19    

Yearly 16.17 15.15   
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Table 35: Summary Table for Monthly Total Precipitation for the Kemess South Dam Weather Station 
 

Monthly Total Precipitation (mm) 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

January n/a N/a 59.4 60.20  2.29 

February n/a 42.36 105.0 25.15  0.00 

March n/a 30.73 26.9 51.31  0.00 

April n/a 42.42 71.1 46.23  0.00 

May n/a 53.59 25.4 37.34  0.00 

June n/a 98.04 68.1 45.47  15.75 

July n/a 113.79 83.3 109.47  46.74 

August n/a 55.88 14.5 83.31  30.99 

September 61.21 45.21 N/A 43.18  45.72 

October 46.74 27.43 32.3 69.09  2.29 

November 33.78 50.04 29.21    

December 24.72 110.23 23.88    

Yearly 539.01   
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APPENDIX C 
Summary Tables of Water Quality Data 

 



1 of 1

Turb = Turbidity (ntu) DO = Dissolved Oxy    ved Oxygen (mg/L) Temp = Temperature (°C) Flow = Flow Rate (m3/s) Please note that site names are defined in Permit 15335, Appendix B

Site Name WQ-SRPW WR-S4 WQ-SCSP
Date Time Turb DO Temp pH Flow Time Turb DO Temp pH Flow Time Turb Temp pH Flow Flow Time Turb pH DO Temp Time Turb Temp pH Flow Flow Time Turb Temp pH Time Turb Temp pH Flow Time Turb Temp Time Turb Temp Time Turb DO Temp Flow Time Turb Temp Flow Time Turb Temp Flow Time Turb Temp Time Turb Temp Flow Time Turb Temp Flow Time Turb Temp Time Turb Temp Time Turb Temp Flow Time Turb Temp

(MM/DD/YY) (24 hr) (ntu) (mg/L) (°C) (m3/s) (24 hr) (ntu) (mg/L) (°C) (m3/s) (24 hr) (ntu) (°C) (m3/s) (m3/s) (24 hr) (ntu) (mg/L) (°C) (24 hr) (ntu) (°C) (m3/s) (m3/s) (24 hr) (ntu) (°C) (24 hr) (ntu) (°C) (m3/s) (24 hr) (ntu) (°C) (24 hr) (ntu) (°C) (24 hr) (ntu) (mg/L) (°C) (m3/s) (24 hr) (ntu) (°C) (m3/s) (24 hr) (ntu) (°C) (m3/s) (24 hr) (ntu) (°C) (24 hr) (ntu) (°C) (m3/s) (24 hr) (ntu) (°C) (m3/s) (24 hr) (ntu) (°C) (24 hr) (ntu) (°C) (24 hr) (ntu) (°C) (m3/s) (24 hr) (ntu) (°C) Remarks

1/9/2016 12:00 0.2231 12:00 0.0029 13:00 4.0 1.32 Unable to collect flow at WR-S4 and WQ-14F due to excessive ice build up.

1/12/2016 12:00 0.2160 12:00 0.0064 13:20 0 13.05 3.92 0.2472 13:45 4.9 0.81 Unable to collect flow at WR-S4 and WQ-14F due to excessive ice build up.

1/19/2016 12:00 0.1867 12:00 0.0040 16:25 2.5 0.63 16:00 3.1 0.62

1/20/2016 8:45 4.6 0.84 Unable to collect flow at WR-S4 and WQ-14F.   Ice frozen to the ground - new flow path

1/25/2016 13:55 1.7 3.49 7.43 0.0006 11:10 2.7 2.80 7.07 0.0028 13:40 3.1 12.05 3.41 0.3848 13:20 2.2 0.96 13:00 1.0 0.82 11:50 2.0 0.66

1/26/2016 11:15 3.1 9.14 3.81 7.87 0.2268 0.0063 14:40 6.3 0.73 Unable to collect flow at WQ-14F.  Ice is frozen to the ground - new flow path

2/6/2016 12:00 0.2141 0.0063 12:00 0.0027 13:15 5.8 0.59 Unable to collect flow at WQ-14F.  Ice is frozen to the ground - new flow path

2/9/2016 12:00 0.1972 0.0056 12:00 0.0027 13:40 5.0 0.85 Unable to collect flow at WQ-14F.  Ice is frozen to the ground - new flow path

2/11/2016

2/18/2016 12:00 0.2217 0.0060 12:00 0.0027 13:00 4.8 2.36 0.0062

2/22/2016 15:30 2.3 3.87 6.88 0.0005 13:10 2.8 0.88 6.58 0.0027 15:15 3.8 13.07 3.59 0.3848 14:25 2.7 0.64 14:00 1.5 0.91 12:00 1.9 0.62 11:35 2.5 0.62 10:00 1.2 0.83

2/23/2016 10:00 0.8 13.79 2.10 7.54 0.2097 0.0060 13:40 5.2 0.67 0.0059

3/5/2016 12:00 0.2021 0.0063 12:00 0.0027 17:05 4.5 0.72 0.0054

3/8/2016 12:00 0.1860 0.0063 14:40 2.6 12.74 4.85 0.2192 11:20 5.8 0.62 0.0071

3/10/2016 12:00 0.2081 13:40 4.0 7.09 14.06 1.21 12:00 0.0027 12:50 1.8 0.79

3/19/2016 12:00 0.1810 0.0063 12:00 0.0027 14:00 4.4 1.72 0.0046

3/20/2016 10:25 1.7 2.48 6.62 0.0034

3/21/2016 14:25 1.1 3.10 6.73 0.0006 14:35 2.5 12.25 4.48 0.2192 13:50 1.5 1.25 13:25 1.9 2.69 13:10 0.5 1.23 10:30 1.4 1.14 11:00 10.5 0.67 10:10 1.8 0.65 15:25 6.0 1.85 8:50 0.8 0.74

3/22/2016 11:10 3.0 11.06 4.08 7.30 0.1793 0.0063 10:55 1.4 1.37 13:10 4.5 0.96 0.0039

4/2/2016 12:00 0.2224 0.0125 12:00 0.0034 13:10 12 1.18 0.0190

4/5/2016 12:00 0.2096 0.0140 12:00 0.0042 13:36 10.2 0.92 0.0156

4/16/2016 12:00 0.2283 0.0227 12:00 0.0098 15:00 9.2 1.15 0.0348

4/18/2016 13:45 11.0 1.82 7.02 0.0098 11:35 3.8 3.19 0.8886 11:25 7.0 2.85 9:40 6.6 2.66

4/19/2016 10:55 8.1 10.80 4.26 7.40 0.2248 11:35 1.4 4.41 6.93 0.0006 0.0010 0.0343 9:50 3.6 1.74 9:30 2.5 3.44

4/20/2016 7:50 1.9 11.98 3.12 0.2971 8:15 8.7 0.70 0.0520

4/25/2016 10:45 1.3 2.97 7.14 0.0002

4/26/2016 12:00 0.1843 9:55 1.1 2.85 7.16 0.0002 10:30 14.4 3.28 7.49 0.0316 10:15 5.2 2.19 0.0737

4/27/2016 13:30 0.4 7.79 7.30 0.0002

4/28/2016 11:00 0.6 6.42 7.45 0.0002

4/29/2016 10:55 3.0 7.10 7.21 0.0002

4/30/2016 11:20 5.1 6.25 7.20 0.0004 0.0421 11:00 4.0 4.19 0.0728

5/2/2016 16:40 1.2 7.59 7.91 0.0006 13:55 3.1 7.59 9.98 8.01 16:30 5.2 10.95 7.11 0.0011 7:00 3.0 0.98 14:15 8.2 1.53 14:20 4.5 6.20 14:40 1.9 8.27 10:50 5.2 5.20 2.2557 11:00 4.1 4.69 14.2637 10:35 4.5 4.40 16:20 1.5 4.85 10:15 7.5 4.66 Unable to collect flow at WQ-03

5/3/2016 14:45 2.7 12.83 7.66 7.18 0.2582 0.0441 13:50 5.1 9.45 7.48 13:20 19.4 8.01 7.66 0.0970 14:30 1.7 12.98 4.16 0.3353 7:00 1.8 1.22 4.0164 14:15 4.1 7.71 0.0737

5/5/2016 10:30 33.2 7.66 7.04 0.0108

5/6/2016 8:00 25.2 8.58 7.26 0.0103

5/7/2016 11:00 5.5 8.2 7.45 0.0021 17:20 13.5 9.8 7.3 0.0185

5/8/2016 9:00 11 8.1 7.45 0.0320

5/10/2016 8:10 16 7.45 7.3 0.0846

5/13/2016 10:10 1.0 5.3 6.81 0.0008 9:00 1.6 6.64 14.5 8.09 11:30 2.5 11.0 7.27 0.0009 0.0312 16:10 10.5 10.58 7.28 9:15 1.0 1.23 10:20 3.6 1.6 11:05 0.7 5.01 2.2532 11:40 1.2 8.97 11:50 1.0 8.97 15:10 1.0 9.39 3.4044 15:35 3.4 9.33 15.5767 14:50 2.8 9.18 13:10 0.3 6.19 14:10 2.6 7.56 Unable to collect flow at WQ-03

5/14/2016 11:25 2.1 12.32 7.76 7.24 0.2546 13:30 2.6 10.22 7.88 14:05 10.0 10.33 7.32 0.0772 11:35 2.8 12.32 4.45 0.6819 13:10 0.8 10.29 0.0421

5/15/2016 9:40 6.5 9.05 7.19 0.099

5/16/2016 10:45 1.8 8.87 6.35 7.11 0.2703 13:10 0.0 6.01 6.53 0.0008 0.002 10:05 0.2 6.84 11.62 4.23 14:30 1.1 11.52 7.57 0.0007 0.0312 16:55 4.2 10.20 7.84 16:15 7.3 9.84 7.35 9:50 0.2 1.86 13:30 3.9 3.84 13:15 0.3 12.02 3.84 0.952 14:10 2.4 4.61 3.6160 14:45 2.4 4.89 0.0 9.82 16:45 0.0 6.25 Unable to collect flow at WQ-03

5/17/2016 11:25 0.0 5.08 4.826 11:40 0.5 6.49 17.6744 11:05 0.2 5.63 9:10 0.0 8.39 0.0383 10.30 1.9 5.59

5/28/2016 10:40 0.0 12.59 6.05 7.37 0.2237 10:30 0.0 4.80 7.90 0.0006 8:40 0.0 7.17 10.91 6.02 10:45 0.0 9.91 7.53 0.0004 0.8538 11:10 0.0 8.58 7.77 11:30 0.0 8.91 7.37 0.0804 8:30 0.0 6.20 10:10 0.0 3.90 10:15 0.5 12.13 4.17 1.1388 7:00 1.5 4.42 3.6160 11:45 1.4 4.62 11:40 0.1 8.42 7:40 0.0 4.95 4.1608 7:30 0.0 7.26 17.1950 8:15 0.0 4.28 10:00 0.0 9.92 11:00 0.0 9.11 0.0448 7:50 0.0 5.20 Unable to collect flow at WQ-03

5/31/2016 10:30 0.0 12.45 7.41 7.77 0.2165 11:00 0.0 4.69 7.48 0.0006 11:30 0.1 7.49 11.10 6.19 11:45 0.2 8.05 7.49 0.0004 0.0351 9:35 0.0 10.58 7.92 9:55 0.0 10.84 7.44 0.0804 11:15 0.0 6.18 10:45 0.0 4.69 10:50 0.0 12.62 4.86 1.1132 7:00 1.3 4.60 3.6160 13:20 1.3 4.55 13:40 0.2 8.34 8:55 0.0 5.86 3.5489 8:45 0.0 8.61 13.4264 7:45 0.0 5.48 10:15 0.0 7.43 9;00 0.0 9.80 0.0448 7:30 1.5 5.69 Unable to collect flow at WQ-03

6/3/2016 15:15 5.3614

6/4/2016 9:55 1.1132

6/7/2016 9:10 1.1 7.88 6.59 7.06 0.2256 9:50 0.8 4.96 6.82 0.0008 0.002 8:30 4.2 7.59 7.39 8.90 10:46 10.5 13.90 7.56 0.0004 0.0231 14:30 2.5 14.05 7.76 13:45 4.9 15.33 6.84 0.04 8:45 2.4 2.06 10:00 3.3 4.22 9.40 2.1 11.04 5.70 1.2001 10:27 1.1 5.35 4.0164 11:00 1.9 6.20 11:30 2.2 12.45 16:50 1.9 11.2 5.1797 16:35 0.8 13.42 14.2637 16:10 1.1 12.47 13:20 0.0 11.90 15:05 1.4 14.06 0.0275 15:37 1.3 11.79 Unable to collect flow at WQ-03

6/13/2016 10:25 1.7 9.57 6.73 7.20 0.2156 9:30 0.9 4.92 6.68 0.0006 0.0005 8:20 2.0 7.83 10.07 9.78 11:10 3.4 13.00 7.67 0.0002 0.0248 15:50 4.4 13.31 7.94 13:55 9.0 13.65 7.35 0.030 8:25 1.9 2.33 9:40 2.0 4.56 9:20 2.0 12.29 5.78 1.1131 11:30 0.7 6.77 3.0602 12:45 0.0 12.40 13:00 0.5 7.98

6/14/2016 17:20 0.8 9.61 14:10 0.5 9.75 3.4044 11:30 1.2 9.56 11.0965 14:25 0.7 11.16 8:30 2.9 9.68 0.0229 9:05 1.6 7.27

6/20/2016 15:40 0.0 7.24 12.82 10.75 15:30 0 6.15 15:10 0.2 7.49 2.7195 14:00 0.1 12.05 4.1608 13:45 0.3 14.90 9.3639 14:40 0.2 12.19 14:15 0.2 8.29

6/21/2016 14:20 0.3 11.31 10.67 6.94 0.2464 14:35 0.4 6.89 7.59 0.0006 15:15 0.0 14.05 7.72 0.0003 0.0248 15:40 4.5 14.82 7.64 13:15 0.1 18.55 7.23 0.0072 14:45 0.2 6.54 14:20 0.1 12.49 6.64 1.2002 15:00 0.1 10.55 15:30 0.0 12.30 11:20 0.0 11.48 13:40 2.0 15.29 0.0190

6/27/2016 11:00 0 9:30 0.6 6.90 1.8407 7:55 2.0 5.92 2.8442 8:30 1.7 6.94 2.7325 8:20 1.1 10.10 6.2449 10:30 0.5 13.15 10:00 1.0 6.05

6/28/2016 14:40 1.8 12.13 10.05 7.22 0.2467 15:20 0.1 5.25 7.95 0.0006 14:00 0 7.32 12.45 10.25 0.0212 10:15 7.5 16.60 7.79 10:30 2.1 18.97 7.39 0.0033 11:30 0 6.05 15:30 0.1 6.72 15:00 0.4 4.17 5.65 1.1132 15:50 0.1 12.32 10:50 0.2 11.59 9:55 2.0 14.39 0.0198

7/5/2016 14:20 4.4 9.26 9.62 6.88 0.2446 14:43 1.0 6.93 6.56 0.0005 13:50 3.2 7.57 9.87 12.51 15:35 7.6 16.00 7.26 0.0002 0.0197 17:48 2.1 16.15 7.37 18:00 1.4 16.56 7.17 0.0050 14:00 1.7 6.31 14:55 4.5 8.92 14:35 1.8 11.21 8.46 1.1132 15:20 1.2 10.19 2.720 15:45 0.7 10.21 3.7199 17:40 7.9 16.56 17:25 0.9 11.95 3.8480 17:10 0.5 14.75 8.7240 16:45 0.3 13.33 18:15 1.3 12.28 16:00 1.5 14.22 0.0101 16:20 1.0 13.35

7/11/2016 9:38 2.6 8.61 7.96 7.25 0.2446 11:00 3.2 7.12 6.75 0.0005 0.0003 7:40 3.4 7.19 8.29 12.34 11:45 23.1 16.55 7.34 0.0004 0.0248 14:40 12.0 15.66 7.57 13:50 2.9 17.95 7.43 0.0095 7:55 2.9 5.48 11:10 3.3 8.15 10:50 2.8 9.58 8.07 0.8789 11:30 1.1 8.31 2.5581 12:55 1.7 9.11 3.3169 13:10 6.9 16.72 13:25 1.1 11.99

7/12/2016 8:25 2.1 8.16 3.2632 8:05 1.1 11.80 7.2571 8:40 1.3 10.22 7:50 2.8 13.73 0.0080 9:55 1.8 11.02

7/19/2016 11:45 1.2 9.40 8.46 7.40 0.2118 9:55 2.0 7.95 7.20 0.0006 10:15 0.4 7.26 10.02 10.72 0.0197 14:15 10.2 16.42 7.38 14:45 1.0 16.20 7.55 0.0050 10:05 0 13.41 13:50 2.4 9.15 9:50 3.3 10.92 9.17 0.8093 15:30 0.2 7.65 2.4027 13:15 1.4 10.25 2.4060 13:30 0.5 17.49 9:15 2.4 9.60 2.2557 9:05 2.0 13.12 6.9866 8:30 1.2 11.36 11:35 0.2 11.85 9:25 0.5 15.43 0.0113 8:00 1.0 12.13

7/25/2016 10:15 0.1 10.46 2.4027 11:45 1.0 10.40 2.2557 11:30 0 11.65 6.9866 11:15 0.2 11.20 10:45 0.2 13.15

7/26/2016 9:30 3.2 9.05 6.93 7.31 0.2530 10:00 0 8.67 7.38 0.0005 9:15 0 7.34 11.61 10.62 0.0327 11:20 0.5 12.42 7.84 11:00 0.4 14.03 7.73 0.0050 9:00 0 13.45 10:15 0.3 10.16 9:55 0.3 10.64 9.49 0.7437 10:25 2.0 8.22 1.8061 10:30 0 13.42 10:45 0.1 12.67 11:40 0.1 16.20 0.0106

8/1/2016 8:55 6.5 8.50 7.44 6.95 0.2691 8:40 4.8 6.42 6.67 0.0007 no flow 11:05 6.9 7.15 13.41 10.33 9:30 6.5 13.90 7.55 0.0002 0.0157 15:30 9.6 17.40 7.50 15:00 3.9 18.88 7.31 0.005 10:55 4.5 8.07 8:25 4.6 6.80 8:30 5.8 10.89 7.74 0.5435 10:15 2.4 9.41 1.003 11:45 4.0 10.83 1.6333 14:15 1.4 17.48 17:00 3.4 15.27 1.4641 17:05 1.6 17.33 3.9959 16:40 2.8 16.26 14:35 1.1 14.44 15:45 4.9 14.87 0.0126 16:05 3.0 16.11

8/8/2016 14:05 1.8 9.41 10.75 6.98 0.2214 13:40 1.9 7.34 10.78 12.46 0.0124 11:20 21.3 16.99 7.41 13:25 1.8 11.53 11:40 2.2 17.04 10:25 3.8 10.49 1.0122 10:40 3.6 13.37 3.2282 10:10 3.9 12.63 8:35 3.1 13.28 0.0101 9:00 3.7 12.82

8/9/2016 9:35 4.0 8.48 7.11 0.0006 11:15 6.9 17.65 7.37 0.0030 9:25 2.8 8.13 9:30 4.1 10.75 8.48 0.3848 8:55 1.4 10.13 0.7873 10:15 3.8 9.80 1.1145 10:55 3.3 17.64

8/16/2016 15:30 0 13.33 8.8 8.98 0.2217 15:15 0.2 9.26 7.24 0.0006 11:55 1.5 7.29 11.10 12.52 0.0108 14:20 5.1 16.92 7.55 14:00 0.1 17.2 9.00 0.0016 11:45 1.0 12.42 11:35 2.3 7.49 11:20 3.1 10.49 7.37 0.3463 11:00 1.5 11.15 0.7274 15:05 0 10.9 1.2359 14:55 0 16.05 10:35 3.0 11.30 0.8886 10:15 2.9 12.49 3.1699 9:50 2.4 12.74 14:45 0 10.4 15:55 2.2 12.42 0.0080 9:30 3.4 12.49

8/23/2016 13:40 1 11.25 9.3 8.76 0.2432 13:50 0 10.20 7.15 0.0005 9:10 4 8.63 10.59 11.20 0.0106 10:30 4.2 15.62 7.67 10:15 0.1 15.00 8.91 0.0014 9:00 2 12.28 14:30 0 7.21 14:10 2.0 12.51 6.50 0.3106 8:40 0.1 10.12 0.6734 11:20 0 9.10 0.9761 11:00 1 13.8 7:30 0.1 10.04 0.7785 7:15 0 10.05 2.5518 7:50 2.1 11.36 10:40 0 8.9 14:20 4 11.60 0.0065 8:20 2.0 11.64

8/28/2016 13:40 2 10.32 7.9 7.79 0.2569 11:40 0 5.7 7.66 0.0006 11:15 1 8.05 8.39 10.03 0.0079 15:40 6 14.9 7.89 15:19 4 14.7 7.67 0.004 11:00 0 6.5 13:25 0 7.4 11:30 1 11.37 8.3 0.3463 10:30 0 7.4 0.6735 13:50 0 10.2 0.8883 14:05 1 13.5 9:30 0 7.70 0.8886 9:45 1 9.1 2.6904 15:00 1 10.3 10:05 2 9.5 0.0072 9:00 0 9.2

8/30/2016 13:45 0 9.5

9/5/2016 13:40 1 10.09 6.9 7.84 0.2498 14:40 2 5.4 7.80 0.0006 8:50 3 7.60 9.91 7.6 8:40 0 4.5 14:50 0 6.5 14:30 0 11.71 7.0 0.4262 9:15 0 5.7 1.003 15:30 0 8.6 1.4952 15:45 1 12.0 11:35 0 7.3 1.1493 11:20 1 9.9 6.2204 16:00 1 7.8 11:40 2 8.7 0.0111 10:05 1 9.0

9/6/2016 10:45 0 9.3 8.12 <0.0001 0.011 9:45 4 10.5 7.97 10:20 2 10.4 8.08 0.0004 15:00 1 10.1

9/13/2016 14:05 0 11.48 5.8 7.76 0.3039 13:40 1 4.6 7.79 0.0006 11:50 0 7.72 9.71 4.0 16:00 0 7.4 8.10 <0.0001 0.0079 14:50 1 9.8 7.81 15:20 0 9.6 8.10 0.0034 11:45 0 3.6 13:50 0 5.8 13:30 0 4.41 6.8 0.4480 13:10 0 4.9 1.003 14:20 0 6.9 1.3628 14:35 0 16.1 11:00 1 6.0 1.3000 10:50 0 7.7 6.9866 10:30 1 6.9 14:45 0 6.6 15:45 1 8.4 0.0108 11:20 0 7.0

9/19/2016 14:50 0 2.4 14:30 0 3.4 1.003 16:10 0 4.3 0.4583 15:45 0 5.4 6.4682 14:00 1 5.2

9/20/2016 15:45 0 9.82 7.8 7.72 0.2601 15:15 0 4.5 7.76 0.0006 16:00 1 7.21 9.70 4.6 16:15 0 6.1 7.94 <0.0001 0.0079 13:40 0 6.4 7.64 14:00 1 10.0 7.77 0.0038 15:30 0 4.9 15:00 0 4.20 5.4 0.4436 16:30 0 7.9 1.2359 16:45 1 9.01 10:20 1 5.0 14:15 0 7.9 13:30 1 7.4 0.0106

9/26/2016 10:25 6 11.37 5.9 7.27 0.2825 11:00 0 5.3 7.12 0.0006 10:10 2 5.81 13.15 6.0 11:20 12 7.0 7.20 0.0003 0.0157 15:15 6 7.9 7.17 14:35 3 8.1 7.29 0.0048 9:55 8 4.5 10:55 16 5.0 11:05 5 13.32 5.9 0.7437 13:30 1 5.5 1.7151 13:50 1 5.8 2.5772 14:00 1 8.0 14:20 0 6.2

9/27/2016 9:15 8 3.6 16:00 1 6.2 2.4873 15:45 2 6.7 9.3639 14:55 2 6.1 14:00 6 6.2 0.0251 14:20 2 6.0

10/3/2016 9:30 1 9.74 4.3 7.22 0.2416 10:20 0 4.8 7.37 0.0008 9:00 1 7.07 12.60 3.8 11:00 5 2.8 7.60 0.0002 0.0125 14:40 4 5.6 8.01 14:00 2 5.8 7.57 0.0043 8:45 0 1.1 10:00 0 1.3 10:25 1 11.32 4.2 0.5962 10:45 0 2.1 1.3741 11:10 0 2.7 2.0803 11:25 1 5.0 13:40 0 4.1

10/4/2016 12:00 0.2669 12:00 0.0043 3.53 14:50 1 4.3 1.6418 15:00 1 5.1 6.2204 13:55 0 4.5 9:50 14 3.1 0.0156 10:30 1 3.7

10/11/2016 12:00 0.2496 0.0134 12:00 0.0043 10:55 0 0.90 14:20 2.0 3.19 0.0156

10/18/16 12:00 0.2438 0.0109 12:00 0.0043 11:15 0 11.05 4.35 0.4349 10:30 0 2.15 11:35 0.9 1.70 0.0053

10/26/2016 12:00 0.2385 0.0111 12:00 0.0043 12:45 0 2.31 9:00 1.3 1.75 0.0116

11/1/2016 12:00 0.2440 0.0117 12:00 0.0028 13:40 1.6 1.14 0.0097

11/8/2016 12:00 0.2379 0.0162 12:00 0.0104 10:25 3.1 1.87 0.0326

11/15/2016 12:00 0.2243 0.0131 12:00 0.0098 13:10 1.9 1.59 0.0162

11/22/2016 12:00 0.2494 0.0623 12:00 0.0031 13:50 4.2 0.81 0.0275

11/28/2016 9:55 1.6 8.48 4.92 7.03 0.2411 0.0154 10:30 2.4 2.41 6.96 0.0027 14:45 0.9 0.63 14:25 1.1 0.65 13:00 3.9 0.7 0.0101 11:15 1.4 0.68

11/29/2016 11:20 0.8 4.96 6.92 0.0006 12:35 3.3 0.97 7.29 0.0003 11:35 1.4 12.55 3.69 0.4262 12:55 1.4 0.67 13:05 0.9 1.90

12/6/2016 12:00 0.2089 0.0122 12:00 0.0038 10:45 3.1 1.25 0.0036

12/12/2016 14:55 1.7 0.64 14:40 2.1 6.4 14:05 2.4 0.69

12/13/2016 10:10 1.7 8.50 3.91 8.90 0.2345 9:35 2.8 3.71 8.82 0.0006 <0.01 15:00 2.1 1.64 8.62 0.0020 10:55 1.9 13.92 2.73 0.2192 9:15 2.2 1.74 12:55 1.8 1.65 14:40 2.4 0.59 <0.01 Unable to measure flow at WR-S4 and WQ-14F due to excessive ice build up.

12/20/2016 12:00 0.2170 <0.01 12:00 0.0019 11:45 1.8 1.42 <0.01 Unable to measure flow at WR-S4 and WQ-14F due to excessive ice build up.

12/27/2016 12:00 0.2103 <0.01 12:00 0.0019 9:30 1.1 1.2 <0.01 Unable to measure flow at WR-S4 and WQ-14F due to excessive ice build up.

WQ-25 WQ-04 WQ-03WQ-SDDI WQ-18WQ-EC WQ-17 WQ-RcbWQ-01 WQ-13 WQ-14FWQ-24WQ-WCSPWQ-BXLWQ-SRPWQ-TSPWQ-TSF Spill WQ-23a



2016 Laboratory Results for TSS (mg/L), Turbidity (NTU), pH and Rainbow Trout Toxicity Tests at WQ-14F and WQ-25

Comments

TSS (mg/L) Turb (ntu) Rainbow Trout Toxicity TSS (mg/L) Turbidity (ntu) Rainbow Trout Toxicity TSS (mg/L) Turbidity (ntu) TSS (mg/L) Turbidity (ntu) TSS (mg/L) Turbidity (ntu)

LC25 LC50 IC25 IC50 LC25 LC50 IC25 IC50
JANUARY

1/9/2016 3.10 1.73
1/12/2016 >100 >100 >100 >100 3.50 1.80 >100 >100 >100 >100
1/20/2016 2.90 1.79
1/25/2016 -1.00 0.32
1/26/2016 2.70 1.46

FEBRUARY
2/6/2016 2.50 1.92
2/9/2016 3.60 2.25 PASS

2/18/2016 2.50 2.49
2/22/2016 -1.00 0.30
2/23/2016 1.50 1.55

MARCH
3/5/2016 2.10 1.72
3/8/2016 1.80 1.68

3/19/2016 2.10 1.79
3/21/2016 -1.00 0.29 PASS
3/22/2016 1.50 1.43

APRIL LC50 IC25 LC50 IC25
4/2/2016 5.50 4.58
4/5/2016 6.60 4.32

4/12/2016 8.60 3.80
4/16/2016 9.50 4.15
4/20/2016 -1.00 0.49 >100 >100 7.20 3.72 >100 >100 PASS
4/30/2016 5.20 1.67

MAY
5/3/2016 -1.00 0.11 13.80 1.74 2.10 1.17 15.00 21.6 3.60 1.83

5/14/2016 -1.00 0.56 3.10 0.83 1.40 0.89 3.10 2.82 1.40 1.02
5/16/2016 1.10 0.65 1.00 0.40 5.80 3.03 1.40 1.26
5/17/2016 5.40 0.56
5/28/2016 1.00 1.21 2.00 0.53 1.40 1.83 4.70 3.59 2.50 2.19
5/31/2016 -1.00 0.86 1.90 0.52 1.00 0.79 1.50 2.49 8.00 0.83

JUNE
6/13/2016 -1.00 0.30 -1.00 0.33 2.70 1.47 3.40 2.16
6/14/2016 2.20 1.46
6/21/2016 PASS PASS
6/28/2016 -1.00 0.37 2.80 0.51 -1.00 1.47 1.10 3.18 2.90 2.62

July
7/11/2016 3.60 0.37 -1.00 0.53 1.30 0.96 1.80 0.94
7/12/2016 2.40 0.64
7/19/2016 >100 >100 >100 >100 >100 >100 >100 >100
7/26/2016 2.40 0.43 1.80 1.21 -1.00 0.39 3.20 0.71 1.60 1.04

August
8/8/2016 2.60 1.32 -1.00 0.38 3.10 2.36
8/9/2016 -1.00 0.26 4.00 1.52 1.20 0.83

8/23/2016 PASS
8/24/2016 2.10 0.69 -1.00 0.23 1.60 1.05 2.30 1.48

September
9/5/2016 -1.00 0.50 2.90 1.89 -1.00 0.39
9/6/2016 1.80 2.43 3.70 2.08

9/20/2016 -1.00 0.27 PASS 2.60 1.81 -1.00 0.22 2.50 2.24 3.10 2.42
October

10/4/2016 2.90 2.18
10/11/2016 5.30 4.09
10/18/2016 >100 >100 >100 >100 4.40 2.40
10/26/2016 4.30 3.38

November
11/1/2016 17.70 2.54

11/15/2016 4.70 2.69
11/28/2016 7.40 4.52

December
12/13/2016 PASS 7.30 3.91
12/19/2016 3.70 1.80
12/27/2016 1.60 0.89

WQ-SCSP
Date

WQ-25 WQ-14F

Ceriodaphnia
Ceriodaphnia

WQ-TSP

Survival Reproduction Survival Reproduction

WQ-WCSP



Kemess Mine General Parameters

YEAR : 2016

Number of Field Measurements Taken per Month

MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-23a WQ-BXL WQ-SCSP WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-EC WQ-01 WQ-13 WQ-17 WQ-Rcb WQ-14F WQ-18
January  1 1    1   2  1 1 1  1  3 1
February  1 1    1   1  1 1 1  1  4 1

March  1 1 1   1 1 1 2 1 1 1 1 1 1 1 4 1
April  1 1  6  2   1  1 1 1  1  6 1
May  5 5 5 6 5 12 5 5 5 5 5 5 5 5 5 5 5 5
June  4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4
July  4 4 4 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4

August  5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5
September  4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4

October  1 1 1 1 1 1 1 1 2 1 1 1 1 1 4 1 4 1
November  1 1  1  1   1  1 1 1  1  5 1
December  1 1    1   1  1 1 1  1  4 1

Field Turbidity Monthly Maximum (NTU)

WQ-TSF Spill WQ-TSP WQ-SRP WQ-23a WQ-BXL WQ-SCSP WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-EC WQ-01 WQ-13 WQ-17 WQ-Rcb WQ-14F WQ-18
January  3 2    3   3  2 1 2  3  6 3
February  1 2    3   4  3 2 2  3  6 1

March  3 1 4   2 2 1 3 2 2 1 1 11 2 6 6 1
April  8 1  5  14   2  4 3 4  7  12 7
May  3 1 3 6 5 33 3 8 3 2 5 2 5 4 5 2 4 8
June  2 1 4 11 8 9 2 3 2 1 2 2 2 1 1 1 3 2
July  4 3 3 23 12 3 3 5 3 1 2 8 2 2 1 1 3 2

August  7 5 7 7 21 7 5 5 6 2 4 2 4 4 4 3 5 4
September  6 2 3 12 6 3 8 16 5 1 1 1 1 2 2 1 6 2

October  1 0 1 5 4 2 0 0 1 0 0 1 1 1 0 0 14 1
November  2 1  3  2   1  1 1 1  1  4 1
December  2 3    2   2  2 2 2  2  3 2

Mean 3.4 1.9 3.7 8.9 9.3 6.9 3.2 5.4 2.9 1.4 2.3 2.0 2.3 3.5 2.5 1.9 6.0 2.8
Std. dev. 2.4 1.3 1.8 6.5 6.5 9.1 2.5 5.3 1.4 0.8 1.3 2.0 1.3 3.3 1.9 2.1 3.5 2.2

No.of values  12 12 7 8 6 12 7 7 12 7 12 12 12 7 12 7 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0 1 0 1 3 4 2 0 0 1 0 0 1 1 1 0 0 3 1
Maximum 0 8 5 7 23 21 33 8 16 6 2 5 8 5 11 7 6 14 8

Median 3 2 3 6 7 3 3 5 3 1 2 2 2 2 2 1 5 2

Bold Values = values greater than 50
Detection Limit = 0.1 NTU

Field Turbidity Monthly Median (NTU)

WQ-TSF Spill WQ-TSP WQ-SRP WQ-23a WQ-BXL WQ-SCSP WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-EC WQ-01 WQ-13 WQ-17 WQ-Rcb WQ-14F WQ-18
January  3 2    3   2  2 1 2  3  5 3
February  1 2    3   4  3 2 2  3  5 1

March  3 1 4   2 2 1 3 2 2 1 1 11 2 6 5 1
April  8 1  1  13   2  4 3 4  7  9 7
May  2 0 0 2 3 11 0 4 1 2 1 0 0 1 0 0 0 2
June  1 1 1 3 4 4 1 1 1 1 1 0 1 1 1 0 2 1
July  3 2 2 15 6 1 1 3 2 1 2 4 2 1 1 1 1 1

August  2 0 2 7 6 4 2 2 3 1 0 1 3 2 2 1 3 3
September  1 1 2 0 3 2 0 0 0 0 0 1 1 1 1 0 2 1

October  1 0 1 5 4 2 0 0 1 0 0 1 1 1 0 0 2 1
November  2 1  3  2   1  1 1 1  1  3 1
December  2 3    2   2  2 2 2  2  2 2

Mean 2 1 2 5 4 4 1 2 2 1 2 1 2 2 2 1 3 2
Std. dev. 2 1 1 5 2 4 1 1 1 1 1 1 1 4 2 2 2 2

No.of values  12 12 7 8 6 12 7 7 12 7 12 12 12 7 12 7 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Minimum 0 1 0 0 0 3 1 0 0 0 0 0 0 0 1 0 0 0 1
Maximum 0 8 3 4 15 6 13 2 4 4 2 4 4 4 11 7 6 9 7

Median 2 1 2 3 4 3 1 1 2 1 1 1 1 1 1 0 3 1
Bold Values: values greater than 50
Detection Limit= 0.1 NTU



Kemess Mine General Parameters

YEAR : 2016

Field Turbidity Monthly Mean (NTU)

MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-23a WQ-BXL WQ-SCSP WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-EC WQ-01 WQ-13 WQ-17 WQ-Rcb WQ-14F WQ-18
January  1 1    1   2  1 1 1  1  3 1
February  1 1    1   1  1 1 1  1  4 1

March  1 1 1   1 1 1 2 1 1 1 1 1 1 1 4 1
April  1 1  6  2   1  1 1 1  1  6 1
May  5 5 5 6 5 12 5 5 5 5 5 5 5 5 5 5 5 5
June  4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4
July  4 4 4 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4

August  5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5
September  4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4

October  1 1 1 1 1 1 1 1 2 1 1 1 1 1 4 1 4 1
November  1 1  1  1   1  1 1 1  1  5 1
December  1 1    1   1  1 1 1  1  4 1

Mean 2.4 2.4 3.4 3.0 3.8 3.1 3.4 3.6 2.7 3.4 2.4 2.4 2.4 3.4 2.7 3.4 4.3 2.4
Std. dev. 1.8 1.8 1.7 2.1 1.5 3.2 1.7 1.8 1.6 1.7 1.8 1.8 1.8 1.7 1.8 1.7 0.8 1.8

No.of values  12 12 7 8 6 12 7 7 12 7 12 12 12 7 12 7 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1
Maximum 0 5 5 5 6 5 12 5 5 5 5 5 5 5 5 5 5 6 5

Median 1 1 4 3 4 2 4 4 2 4 1 1 1 4 3 4 4 1
Bold Values = values greater than 50
Detection Limit = 0.1 NTU

Field Temperature Monthly Mean

MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-23a WQ-BXL WQ-SCSP WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-EC WQ-01 WQ-13 WQ-17 WQ-Rcb WQ-14F WQ-18
January  4 3    3   4  1 1 1  1  1  
February  2 4    1   4  1 1 1  1  1  

March  4 3 1   2 1 1 5 1 3 1 1 1 1 2 1  
April  4 4  6  3   3  2 3 3  3  2  
May  7 6 7 10 10 9 3 3 4 4 6 9 6 7 6 7 9  
June  9 6 10 14 15 17 4 6 6 7 8 12 10 12 12 11 13  
July  8 8 12 16 15 16 10 9 9 9 9 16 10 13 12 12 15  

August  9 8 11 14 16 17 10 7 8 10 10 16 11 12 12 12 12  
September  7 5 6 7 9 10 4 5 6 5 7 11 6 7 7 7 8  

October  4 5 4 3 6 6 1 1 4 2 3 5 4 5 2 4 2  
November  5 5  1  2   4  1 2 1  1  1  
December  4 4    2   3  2 2 1  6  1  

Mean 5.6 5.0 7.1 8.8 11.7 7.2 4.7 4.7 4.9 5.4 4.3 6.6 4.5 8.3 5.3 7.9 5.6
Std. dev. 2.2 1.5 4.0 5.6 4.3 6.2 3.8 3.0 1.9 3.3 3.6 5.9 4.0 4.5 4.7 4.1 5.5

No.of values  12 12 7 8 6 12 7 7 12 7 12 12 12 7 12 7 12  
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0 2 3 1 1 6 1 1 1 3 1 1 1 1 1 1 2 1 0
Maximum 0 9 8 12 16 16 17 10 9 9 10 10 16 11 13 12 12 15 0

Median 5 5 7 9 12 4 4 5 4 5 3 4 4 7 4 7 2

Detection Limit= 0.1 °C



Kemess Mine General Parameters

YEAR : 2016

Field Conductivity Monthly Mean (uS/cm)

MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-SCSP WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-EC WQ-01 WQ-13 WQ-17 WQ-Rcb WQ-14F ATWL-1 ATWL-1a WQ-18
January  708 577    790 790  979   597  318 134 340    738    
February  706 566    834 817  1060   649  390 137 324  141  688 305 358 159

March  695 581  121  817 841  1020 166 212 624 126 453 140 337 93 176 131 712 287 308 179
April  626 540 315  208  543  536   454  269 173 260  145  504 347 383 139
May  648 455 454 99 244 716 486 519 332 72 100 230 74 119 122 123 51 85 65 496 317 330 73
June  677 465 450 55 257 733 490 496 399 68 124 202 92 117 94 120 60 88 90 450 301 345 82
July  650 464 420 66 240 709 528 516 558 93 124 270 89 129 104 129 69 103 99 483 314 468 90

August  738 578  103 286 786 712 683 899 144 184 427 126 238 108 218 86 151 276 608 336 398 131
September  757 613  123 379 846 732 768 1007 135 146 311 126 234 140 225 76 147 129 656 355 318 221

October  736 601  131 310 872 822 757 1000 160 157 504 126 243 161 210 85 134 120 637 355 302 112
November  674 547   288  822  874   583  354 153 305  146  606 340 224 141
December  706 548    806 905  871   572  398 141 321  162  716 308 196 169

Mean 693 545 410 100 276 791 707 623 795 120 149 452 108 272 134 243 74 134 130 608 324 330 136
Std. dev. 40 55 65 29 53 56 153 127 263 41 39 162 23 114 24 85 15 30 69 101 23 76 45

No.of values  12 12 4 7 8 10 12 6 12 7 7 12 7 12 12 12 7 11 7 12 11 11 11
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0 626 455 315 55 208 709 486 496 332 68 100 202 74 117 94 120 51 85 65 450 287 196 73
Maximum 0 757 613 454 131 379 872 905 768 1060 166 212 649 126 453 173 340 93 176 276 738 355 468 221
Median 701 557 435 103 271 798 761 601 887 135 146 479 126 256 138 242 76 145 120 623 317 330 139

Detection Limit = 2 uS/cm

Field pH Monthly Median

MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-SCSP WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-EC WQ-01 WQ-13 WQ-17 WQ-Rcb WQ-14F ATWL-1 ATWL-1a WQ-18
January 7.9 7.4 8.8 8.3 7.1 7.5 8.1 7.3 7.9 8.1
February 7.5 6.9 7.8 7.3 6.6 7.6 7.4 7.1 7.2 6.6 7.8 6.4 6.3 6.8

March 7.3 6.7 7.1 7.6 7.2 6.6 6.7 7.6 7.4 7.1 7.6 7.0 7.2 6.7 6.6 7.1 7.3 6.3 6.9 7.0
April 7.4 6.9 6.7 7.2 7.7 7.3 7.6 7.7 7.2 7.5 7.3 7.1 7.2 7.3 7.0
May 7.2 7.5 6.5 7.2 7.5 8.0 7.9 7.8 7.3 7.2 7.4 7.5 7.3 7.6 7.7 7.4 7.1 7.3 7.2 7.8 7.3 7.4 7.4
June 7.1 7.2 6.4 7.5 7.7 8.1 7.7 7.8 7.3 7.3 7.5 7.3 7.4 7.4 7.1 7.3 7.2 7.2 7.0 7.8 7.1 7.4 7.3
July 7.3 7.0 6.5 7.3 7.3 8.2 7.6 7.5 7.5 7.2 7.5 7.4 7.3 7.5 7.3 7.5 7.4 7.5 7.2 7.6 7.2 8.1 7.5

August 7.8 7.2 7.3 7.6 7.8 7.7 7.6 7.7 7.5 7.5 7.2 7.4 7.6 7.4 7.4 7.4 7.4 7.8 7.8 6.4 6.7 7.3
September 7.7 7.8 7.4 8.0 8.1 7.9 7.7 7.9 7.6 7.6 7.7 7.2 7.6 7.6 7.6 7.6 7.7 7.7 7.8 7.4 7.7 7.4

October 7.2 7.4 7.1 7.6 8.2 7.9 8.0 7.6 7.4 7.7 7.7 7.7 7.8 7.6 7.7 7.6 7.5 7.6 8.0 7.7 7.6 7.5
November 7.0 6.9 7.3 7.6 7.0 7.7 7.6 7.1 7.5 6.9 7.9 6.8 6.3 6.9
December 8.9 8.8 9.2 9.4 8.6 7.4 9.0 8.7 9.7 9.2 8.8 8.8 8.3 7.2

Mean 7.5 7.3 6.5 7.3 7.5 8.2 7.8 7.7 7.4 7.3 7.6 7.5 7.3 7.7 7.4 7.7 7.3 7.4 7.4 7.8 7.1 7.3 7.2
Std. dev. 0.5 0.6 0.1 0.2 0.3 0.5 0.6 0.2 0.6 0.3 0.1 0.2 0.2 0.4 0.4 0.7 0.3 0.7 0.3 0.4 0.7 0.7 0.3

No.of values  12 12 4 7 8 10 12 6 12 7 7 12 7 12 12 12 7 11 7 12 11 11 11
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 7.0 6.7 6.4 7.1 7.2 7.6 7.2 7.5 6.6 6.7 7.4 7.2 7.1 7.4 7.0 7.2 6.7 6.6 7.0 7.1 6.3 6.3 6.8
Maximum 8.9 8.8 6.7 7.5 8.0 9.2 9.4 8.0 8.6 7.6 7.7 7.7 7.7 9.0 8.7 9.7 7.6 9.2 7.8 8.8 8.8 8.3 7.5
Median 7.4 7.2 6.5 7.3 7.5 8.1 7.7 7.8 7.3 7.3 7.5 7.5 7.3 7.6 7.3 7.5 7.4 7.3 7.2 7.8 7.2 7.4 7.3



Kemess Mine
Total Suspended Solids (TSS)

YEAR : 2016
TSS : mg/L

Discharge Point: WQ-TSP
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 1.0 1.0 2.1 2.2 2.1 1.0 1.0 1.0 1.0 1.0 1.1 1.0
2 1.4 1.0 1.0 1.0 1.0
3 1.0
4 1.4
5 1.0
6
7
8

Mean 1.0 1.0 2.1 2.2 1.4 1.0 1.0 1.0 1.0 1.0 1.1 1.0
Std. dev. 0.4 0.0 0.0 0.0 0.0
No.of values 1 1 1 1 5 2 2 2 2 1 1 1
No. < DL 1 1 0 0 0 2 2 2 2 1 0 1
Minimum 1.0 1.0 2.1 2.2 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.0
Maximum 1.0 1.0 2.1 2.2 2.1 1.0 1.0 1.0 1.0 1.0 1.1 1.0
Median 1.0 1.0 2.1 2.2 1.4 1.0 1.0 1.0 1.0 1.0 1.1 1.0

Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1

Discharge Point: WQ-SRP
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2
3
4
5
6
7
8

Mean 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Std. dev.
No.of values 1 1 1 1 1 1 1 1 1 1 1 1
No. < DL 1 1 0 1 1 1 1 1 1 1 1 1
Minimum 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Maximum 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Median 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1

Discharge Point: WQ-SRPW
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 1.0 1.0 1.0 1.0
2
3
4
5
6
7
8

Mean 1.0 1.0 1.0 1.0
Std. dev.
No.of values    1 1 1 1      
No. < DL 1 1 1 1
Minimum 1.0 1.0 1.0 1.0
Maximum 1.0 1.0 1.0 1.0
Median 1.0 1.0 1.0 1.0

Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1



Kemess Mine
Total Suspended Solids (TSS)

YEAR : 2016
TSS : mg/L

Discharge Point: WQ-23a
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 2.2 1.1 1.0 1.1
2
3
4
5
6
7
8

Mean 2.2 1.1 1.0 1.1
Std. dev.
No.of values   1  1   1  1   
No. < DL 0 0 0 0
Minimum 2.2 1.1 1.0 1.1
Maximum 2.2 1.1 1.0 1.1
Median 2.2 1.1 1.0 1.1
WQ-14 relocated to WQ-14F starting April 2004
Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1

Comparative Site: WQ-25
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.5
2 1.0 1.0 2.1 1.0
3 1.1 3.6
4 1.0 2.4
5 1.0
6
7
8

Mean 1.0 1.0 1.0 1.0 1.0 1.0 3.0 1.6 1.0 1.0 1.0 1.5
Std. dev. 0.0 0.0 0.8 0.8 0.0
No.of values 1 1 1 1 5 2 2 2 2 1 1 1
No. < DL 1 1 1 1 3 2 0 1 2 0 1 0
Minimum 1.0 1.0 1.0 1.0 1.0 1.0 2.4 1.0 1.0 1.0 1.0 1.5
Maximum 1.0 1.0 1.0 1.0 1.1 1.0 3.6 2.1 1.0 1.0 1.0 1.5
Median 1.0 1.0 1.0 1.0 1.0 1.0 3.0 1.6 1.0 1.0 1.0 1.5
WQ-BXL flows intermittently
Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1

Discharge Point: WQ-BXL
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 1.8 1.0 1.4 1.0 2.9 3.1
2
3
4
5
6
7
8

Mean 1.8 1.0 1.4 1.0 2.9 3.1
Std. dev.
No.of values     1 1 1 1 1 1   
No. < DL 0 0 0 0 1 0
Minimum 1.8 1.0 1.4 1.0 2.9 3.1
Maximum 1.8 1.0 1.4 1.0 2.9 3.1
Median 1.8 1.0 1.4 1.0 2.9 3.1

Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1



Kemess Mine
Total Suspended Solids (TSS)

YEAR : 2016
TSS : mg/L

Discharge Point: WQ-SCSP
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 3.6 3.4 1.8 3.1 3.7 4.6
2 1.4 2.9 1.6 2.3 3.1
3 1.4
4 2.5
5 8.0
6
7
8

Mean 3.4 3.2 1.7 2.7 3.4 4.6
Std. dev. 2.7 0.4 0.1 0.6 0.4
No.of values     5 2 2 2 2 1   
No. < DL 0 0 0 0 0 0
Minimum 1.4 2.9 1.6 2.3 3.1 4.6
Maximum 8.0 3.4 1.8 3.1 3.7 4.6
Median 2.5 3.2 1.7 2.7 3.4 4.6

Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1

Discharge Point: WQ-WCSP
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 1.0 1.0 1.0 3.5 15.0 2.7 1.3 1.2 1.8 3.6 1.0 6.0
2 3.1 1.1 3.2 1.6 2.5
3 5.8
4 4.7
5 1.5
6
7
8

Mean 1.0 1.0 1.0 3.5 6.0 1.9 2.3 1.4 2.2 3.6 1.0 6.0
Std. dev. 5.3 1.1 1.3 0.3 0.5
No.of values 1 1 1 1 5 2 2 2 2 1 1 1
No. < DL 1 1 1 0 0 0 0 0 0 0 1 0
Minimum 1.0 1.0 1.0 3.5 1.5 1.1 1.3 1.2 1.8 3.6 1.0 6.0
Maximum 1.0 1.0 1.0 3.5 15.0 2.7 3.2 1.6 2.5 3.6 1.0 6.0
Median 1.0 1.0 1.0 3.5 4.7 1.9 2.3 1.4 2.2 3.6 1.0 6.0

Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1

Comparative Site: WQ-14F
Sample Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 3.1 2.5 2.1 5.5 13.8 2.2 2.6 2.6 2.9 2.9 17.7 7.3
2 3.5 3.6 1.8 6.6 3.1 2.4 4.0 4.0 2.6 5.3 7.3 3.7
3 2.9 2.5 2.1 9.5 5.4 2.6 4.4 7.4 1.6
4 2.7 1.5 1.5 7.2 2.0 4.3
5 5.2 1.9
6
7
8

Mean 3.1 2.5 1.9 6.8 5.2 2.4 3.3 3.3 2.8 4.2 10.8 4.2
Std. dev. 0.3 0.9 0.3 1.7 5.0 0.2 1.0 1.0 0.2 1.0 6.0 2.9
No.of values 4 4 4 5 5 3 2 2 2 4 3 3
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 2.7 1.5 1.5 5.2 1.9 2.2 2.6 2.6 2.6 2.9 7.3 1.6
Maximum 3.5 3.6 2.1 9.5 13.8 2.6 4.0 4.0 2.9 5.3 17.7 7.3
Median 3.0 2.5 2.0 6.6 3.1 2.4 3.3 3.3 2.8 4.4 7.4 3.7
WQ-14 relocated to WQ-14F starting April 2004
Bold Values = Values greater than 30 mg/L
Detection Limit (italicized) = 1



Kemess Mine General Parameters

YEAR : 2016

HARDNESS: LAB (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 204 181 210 248 216 206.0 111 109 63.3 230 102 113 64.3 63.7
February 196 179 215 235 212 174.0 123 112 57.9 216 102 112 62.4 60.3
March 186 173 51.4 195 232 216 72.5 89.3 169.0 54.9 127 105 42.3 64.4 56.9 205 97.1 106 65.2 63.8
April 185 187 134 124 107 148.0 89.6 91.7 58.7 104 98.4 104 53.8 71.8
May 196 167 205 39.8 92.9 184 155 55.9 33 41.1 80.5 36.5 45.8 48.6 23.1 36.3 33 149 89.1 90.3 30.4 53.2
June 172 150 188 101 192 137 66.8 59.8 51.6 45.8 34.2 150 93.1 99.4 33.4 42.7
July 163 154 181 89.8 173 164 102 71.5 51.5 52 42.9 154 99.8 130 38.6 45.5
August 172 174 36.1 180 222 150 58.1 84.4 113.0 53.8 79.3 70.8 36.7 52.7 58.3 173 107 121 49 55.3
September 185 175 136 186 226 179 150.0 75.8 68.5 50.2 186 105 93.8 44.6 53.8
October 176 172 47.6 115 191 225 184 56.5 59.1 122.0 50.6 70.6 67.3 34.5 48.2 48.8 178 111 83.9 40.9 60.2
November 197 177 117 258 180 156.0 111 104 63.1 217 112 78.7 56.8 105
December 201 173 211 297 230 164.0 121 108 58.4 225 100 67.8 61.2 59.1

Mean 186.08 171.83 177.00 43.73 108.62 193.70 210.25 158.23 55.03 68.48 134.48 48.95 88.10 81.89 34.15 52.53 49.25 182.25 101.38 99.99 50.05 61.20
Std. dev. 13.12 10.56 30.39 7.01 17.44 14.14 53.01 61.03 16.35 22.54 45.43 8.50 29.94 25.69 8.07 10.38 11.61 38.32 6.75 18.06 12.35 15.93
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0
Minimum 163.00 150.00 134.00 36.10 89.80 173.00 124.00 55.90 33.00 41.10 59.80 36.50 45.80 45.80 23.10 34.20 33.00 104.00 89.10 67.80 30.40 42.70
Maximum 204.00 187.00 205.00 51.40 136.00 215.00 297.00 230.00 72.50 89.30 206.00 54.90 127.00 112.00 42.30 64.40 58.30 230.00 112.00 130.00 65.20 105.00
Median 185.50 173.50 184.50 43.70 108.00 191.50 225.50 179.50 57.30 71.75 149.00 52.20 84.45 81.25 35.60 55.30 52.85 182.00 101.00 101.70 51.40 59.65
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013
Detection Limit = 0.5 mg/L

SULPHATE: LAB (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 165 134 217 148 171 151 63 69.4 25.9 134 54.1 65.3 24.5 23
February 168 136 281 159 171 158 82.8 66.5 21 126 51.1 63.3 23.9 23
March 165 133 25.4 219 149 180 49.3 19.1 140 17.6 108 68 8.29 27.2 4.48 124 50 56.9 27.8 22.7
April 143 131 12.7 84.2 114 95.3 51.9 48 22.8 61.8 58.8 65.8 19.4 26.4
May 158 105 9.02 16.3 18.5 201 108 35.9 17.7 5.03 50.1 8.9 17.4 18.2 5.44 11.8 0.84 104 59.3 66.7 8.41 19.9
June 155 101 10.1 17.4 197 79.2 65.7 38.4 24.5 18.5 14.1 79.5 49.8 61.2 10.9 16.2
July 152 107 9.92 14.1 193 86.9 101 52.3 20.2 19 14.3 74 52.3 80 11.1 17.9
August 145 112 16.9 188 117 155 39.4 12.3 75.3 16.2 33.8 32.3 8.03 18.6 2.1 82.8 45.8 52.8 16 20.6
September 164 128 12.5 211 126 186 132 46.3 36.1 21.5 111 52.7 44.1 17.1 21.3
October 170 120 34 18 220 150 180 42 13 110 19 43 38 12 22 3.8 99 57 45 17 26
November 160 128 17.7 156 166 143 77.2 61.3 22.4 130 61 32.6 19.9 51.9
December 157 131 243 184 148 130 94.8 63.7 24.1 146 50 28.7 25.9 22.7

Mean 158.50 122.17 10.44 23.15 16.37 217.00 128.94 139.47 37.10 12.36 106.28 15.42 55.24 44.92 8.44 20.48 2.81 106.01 53.49 55.20 18.49 24.30
Std. dev. 8.63 12.63 1.58 8.34 2.46 27.68 33.99 49.32 13.60 5.76 42.81 4.52 30.08 20.44 2.70 4.84 1.65 26.93 4.63 15.11 6.28 9.18
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 0 0
Minimum 143.00 101.00 9.02 16.30 12.50 188.00 79.20 35.90 17.70 5.03 38.40 8.86 17.40 18.20 5.44 11.80 0.84 61.80 45.80 28.70 8.41 16.20
Maximum 170.00 136.00 12.70 34.00 18.50 281.00 184.00 186.00 49.30 19.10 158.00 19.00 108.00 69.40 12.00 27.20 4.48 146.00 61.00 80.00 27.80 51.90
Median 159.00 128.00 10.01 21.15 17.55 214.00 137.00 160.50 40.70 12.65 120.00 16.90 49.10 43.00 8.16 21.75 2.95 107.50 52.50 59.05 18.25 22.70
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013 Hardness (mg/L) Suphate guideline (mg/L)
Bold Values = Hardness-based values; with background hardness 31-75 mg/L, max sulphate guideline is 218 mg/L (0-30) 128
Detection Limit= 1 mg/L 31-75 218

76-180 309
181-250 429

ALKALINITY: LAB (mg/L) >250 Need to determine based on site water
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 148 124 112 199 162 129 77 79 51.7 196 76.3 85.7 50.7 41.2
February 142 122 122 200 158 128 89.5 80.7 50.1 186 75.4 86.2 52.5 42.7
March 133 121 29 110 195 159 25.1 84.2 132 43.2 97 80.2 38.9 52.9 62.2 179 69 72.9 53.4 43.8
April 133 122 150 135 115 106 70 69.3 49.1 109 89.3 101 46.2 47.4
May 145 104 220 25.3 94.9 96.5 154 48.7 16 38.6 57.8 30.6 37.6 39.2 17.1 31.6 28.9 130 77.9 80.2 26.5 39.2
June 139 111 236 113 105 152 75.4 48.5 40 36.5 29.4 148 87.4 97.3 34.8 31.5
July 110 110 208 105 101 160 97.1 56.2 39.6 41.8 35.4 159 94.2 136 31.6 32.3
August 124 117 22.6 100 189 131 21.1 74.3 79.7 41.2 53.7 53.9 32.9 44 58 179 98.3 114 39.2 37.3
September 135 122 161 104 208 146 114 56.4 53 43.1 187 92.9 81.2 36.8 41.4
October 129 121 22.1 126 104 202 146 20.5 60.4 86.8 37.4 52.4 50.3 31.4 39.8 49.6 166 90.5 73.6 36.1 40.8
November 150 124 134 216 143 120 80.2 72.1 45.9 194 89.9 58.9 45.4 67.7
December 151 120 112 240 203 131 90.7 79 49.8 205 79.9 54.1 53.6 45.3

Mean 136.58 118.17 203.50 24.75 122.32 106.65 187.50 132.02 20.68 64.38 99.08 38.10 65.34 61.25 30.08 43.57 49.68 169.83 85.08 86.76 42.23 42.55
Std. dev. 11.97 6.41 37.47 3.16 23.60 7.45 30.81 42.11 3.73 19.76 31.87 5.55 21.46 17.24 9.24 7.95 14.81 28.80 9.06 22.89 9.29 9.23
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 1 4
Minimum 110.00 104.00 150.00 22.10 94.90 96.50 135.00 48.70 16.00 38.60 48.50 30.60 37.60 36.50 17.10 29.40 28.90 109.00 69.00 54.10 26.50 31.50
Maximum 151.00 124.00 236.00 29.00 161.00 122.00 240.00 203.00 25.10 84.20 132.00 43.20 97.00 80.70 38.90 52.90 62.20 205.00 98.30 136.00 53.60 67.70
Median 137.00 121.00 214.00 23.95 119.50 104.50 197.00 144.50 20.80 67.35 110.00 39.30 63.20 61.60 32.15 44.95 53.80 179.00 88.35 83.45 42.30 41.30
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013
Detection Limit= 1 mg/L



Kemess Mine General Parameters

YEAR : 2016

CHLORIDE: DISSOLVED CL (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 20 14 18 1.9 3.3 17.0 6.3 6.9 1.8 2.4 2.5 1.9 0.52
February 20 14 20 2.4 3.2 18.0 9 6.5 1.9 2.9 3 2.1 0.68
March 19 14 0.5 18 2.1 3.3 0.5 1.7 17.0 0.5 11 6.6 0.5 0.5 1.9 2.9 3.3 2.3 0.5
April 16 13 1.5 0.5 1.4 11.0 5.2 4.5 1.1 1.6 1.4 1.5 0.87
May 18 9.4 0.5 0.5 0.5 16 0.7 0.54 0.5 0.5 4.8 0.5 1.4 1.2 1.7 0.5 0.8 1.2 25 0.5 1.4
June 17 9.8 1 0.91 15 1 1.2 4.0 1.4 1 1.0 1.9 1.7 0.64 1.2
July 17 10 0.94 1 15 1.1 1.4 4.8 1.5 1.1 1.2 2.1 1 0.68 0.52
August 19 13 1.4 16 2.4 2.3 1.1 1.8 8.7 1.5 3.5 3.1 1.2 1.2 2.1 2.9 2.6 2 1.1
September 18 12 0.74 16 1.3 2.4 14.0 3.6 2.6 1.7 2.4 2.4 1.1 0.53
October 19 12 1 1.2 18 1.9 2.4 1 1.2 11.0 1 3.1 2.3 1 1 1.8 2.3 2.4 1.1 1
November 19 13 0.83 1.7 2.4 16.0 7.3 5.4 1.6 2.1 1.7 1.5 0.5
December 19 16 18 2.1 1.8 14.0 9.3 5.8 1.9 2.4 1.8 2.2 0.5

Mean 18.4 12.5 1.0 0.9 0.9 17.0 1.6 2.1 0.8 1.3 11.7 0.9 5.2 3.9 1.1 0.8 1.6 2.3 4.1 1.5 0.8
Std. dev. 1.2 2.0 0.4 0.4 0.2 1.6 0.7 0.9 0.3 0.6 5.1 0.5 3.3 2.3 0.5 0.4 0.4 0.5 6.6 0.6 0.3
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 0 0 1 3 1 0 1 0 3 1 0 3 0 0 2 3 0 0 0 0 0
Minimum 16.0 9.4 0.5 0.5 0.5 15.0 0.5 0.5 0.5 0.5 4.0 0.5 1.4 1.0 0.5 0.5 0.8 1.2 1.0 0.5 0.5
Maximum 20.0 16.0 1.5 1.4 1.2 20.0 2.4 3.3 1.1 1.8 18.0 1.5 11.0 6.9 1.7 1.2 2.1 2.9 25.0 2.3 1.4
Median 19.0 13.0 1.0 0.8 0.9 17.0 1.8 2.4 0.8 1.5 12.5 0.8 4.4 3.8 1.1 0.8 1.8 2.4 2.4 1.5 0.6
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013
Detection Limit = 0.5 mg/L
Bold Values = Values greater than or equal to the freshwater aquatic guidelines of 150 mg/L (30-day) and 600 mg/L (max) 

NITROGEN: AMMONIA NH3 as N (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.025 0.005 0.061 0.010 0.025 0.013 0.005 0.033 0.048 0.039 0.038 0.043 0.005
February 0.006 0.005 0.016 0.011 0.023 0.014 0.005 0.005 0.020 0.023 0.014 0.005 0.005
March 0.007 0.005 0.007 0.010 0.012 0.021 0.005 0.005 0.005 0.005 0.005 0.011 0.005 0.016 0.020 0.019 0.012 0.005 0.0059
April 0.026 0.017 0.019 0.039 0.022 0.015 0.018 0.029 0.024 0.030 0.035 0.018 0.017
May 0.009 0.005 0.014 0.020 0.018 0.024 0.022 0.022 0.019 0.019 0.086 0.014 0.012 0.014 0.020 0.018 0.009 0.016 0.010 0.013 0.029
June 0.009 0.052 0.055 0.090 0.032 0.025 0.034 0.074 0.016 0.014 0.030 0.064 0.400 0.033 0.017
July 0.014 0.021 0.024 0.006 0.020 0.02 0.02 0.007 0.005 0.018 0.013 0.015 0.033 0.016 0.018
August 0.020 0.05 0.019 0.062 0.028 0.06 0.019 0.008 0.031 0.033 0.026 0.028 0.042 0.024 0.045 0.066 0.062 0.016 0.023
September 0.030 0.015 0.027 0.037 0.150 0.069 0.009 0.025 0.041 0.053 0.037 0.043 0.023 0.024
October 0.027 0.033 0.017 0.021 0.023 0.015 0.096 0.074 0.087 0.043 0.180 0.200 0.250 0.220 0.12 0.022 0.130 0.023 0.110 0.018
November 0.013 0.009 0.018 0.018 0.060 0.048 0.006 0.011 0.033 0.079 0.014 0.006 0.013
December 0.037 0.007 0.025 0.026 0.022 0.020 0.013 0.021 0.026 0.039 0.030 0.016 0.02

Mean 0.019 0.019 0.028 0.016 0.030 0.031 0.032 0.039 0.029 0.030 0.030 0.058 0.028 0.040 0.072 0.045 0.029 0.046 0.060 0.025 0.016
Std. dev. 0.010 0.017 0.018 0.006 0.030 0.018 0.038 0.025 0.031 0.039 0.027 0.082 0.055 0.067 0.100 0.050 0.014 0.034 0.108 0.029 0.008
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 0 3 0 0 0 0 0 0 1 1 1 1 3 0 1 0 1 0 0 3 2
Minimum 0.006 0.005 0.014 0.007 0.006 0.010 0.010 0.018 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.016 0.009 0.015 0.010 0.005 0.005
Maximum 0.037 0.052 0.055 0.020 0.090 0.062 0.150 0.096 0.074 0.087 0.086 0.180 0.200 0.250 0.220 0.120 0.053 0.130 0.400 0.110 0.029
Median 0.017 0.012 0.022 0.018 0.020 0.025 0.022 0.024 0.019 0.013 0.018 0.024 0.013 0.020 0.031 0.021 0.025 0.038 0.032 0.016 0.018
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013
Detection Limit= 0.005 mg/L



Kemess Mine General Parameters

YEAR : 2016

NITROGEN: NITRATE NO3 (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.179 0.168 1.470 14.20 40.40 0.167 0.08 0.14 0.060 11.8 3.0 4.6 0.085 0.02
February 0.177 0.177 1.670 15.80 46.20 0.151 0.07 0.14 0.042 12.2 3.5 5.1 0.088 0.02
March 0.144 0.162 0.033 1.400 15.70 45.00 0.006 0.023 0.115 0.020 0.08 0.12 0.014 0.051 0.026 11.4 2.8 2.9 0.081 0.02
April 0.180 0.164 0.708 3.73 17.80 0.113 0.06 0.07 0.022 3.0 4.3 5.0 0.158 0.03
May 0.198 0.206 0.893 0.013 0.002 1.380 4.33 3.95 0.024 0.003 0.067 0.007 0.02 0.02 0.002 0.010 0.003 3.8 2.6 3.2 0.038 0.01
June 0.166 0.152 1.020 0.006 1.340 4.38 7.63 0.057 0.02 0.02 0.005 2.8 1.4 2.6 0.014 0.01
July 0.180 0.140 0.917 0.002 1.300 5.18 12.10 0.055 0.01 0.01 0.008 1.8 1.1 3.3 0.009 0.01
August 0.147 0.145 0.002 1.380 8.17 24.10 0.002 0.010 0.074 0.002 0.02 0.02 0.015 0.007 0.002 1.6 0.4 0.8 0.007 0.02
September 0.156 0.163 0.002 1.430 8.01 31.70 0.124 0.03 0.03 0.003 3.4 0.8 0.9 0.004 0.01
October 0.193 0.182 0.006 0.002 1.390 8.95 34.00 0.029 0.006 0.120 0.006 0.03 0.03 0.002 0.005 0.006 4.1 1.6 1.1 0.008 0.02
November 0.175 0.168 0.005 10.60 30.10 0.156 0.09 0.09 0.027 7.9 2.9 0.5 0.054 0.22
December 0.174 0.164 1.470 13.60 9.38 0.144 0.10 0.09 0.036 8.9 1.5 0.1 0.054 0.02

Mean 0.172 0.166 0.885 0.014 0.003 1.423 9.388 25.197 0.015 0.011 0.112 0.009 0.05 0.064 0.008 0.023 0.009 6.055 2.159 2.503 0.050 0.034
Std. dev. 0.017 0.017 0.130 0.014 0.002 0.102 4.546 14.912 0.013 0.009 0.040 0.008 0.033 0.050 0.007 0.020 0.011 4.091 1.185 1.810 0.047 0.058
No.of values  12 12 4 4 6 10 12.000 12.000 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 1 4 0 0.000 0.000 1 0 0 1 0 0 2 0 1 0 0 0 0 12
Minimum 0.144 0.140 0.708 0.002 0.002 1.300 3.730 3.950 0.002 0.003 0.055 0.002 0.01 0.010 0.002 0.003 0.002 1.600 0.449 0.129 0.004 0.006
Maximum 0.198 0.206 1.020 0.033 0.006 1.670 15.800 46.200 0.029 0.023 0.167 0.020 0.10 0.143 0.015 0.060 0.026 12.200 4.320 5.080 0.158 0.217
Median 0.176 0.164 0.905 0.010 0.002 1.395 8.560 27.100 0.015 0.008 0.118 0.006 0.04 0.048 0.008 0.016 0.005 3.950 2.080 2.735 0.046 0.019
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013 Bold Values = Values greater than or equal to the freshwater aquatic guidelines of 3 mg/L (30-day) and 32.8 mg/L (max) 
Detection Limit = 0.002 mg/L Values equal to detection limit presented as 0.002 and formatted in italics

NITROGEN: NITRITE NO2 (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.002 0.002 0.010 0.003 0.027 0.002 0.002 0.002 0.002 0.012 0.004 0.002 0.002 0.002
February 0.002 0.002 0.009 0.002 0.005 0.002 0.002 0.002 0.002 0.007 0.006 0.004 0.002 0.002
March 0.002 0.002 0.002 0.008 0.002 0.005 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.010 0.003 0.003 0.002 0.002
April 0.002 0.002 0.002 0.004 0.011 0.002 0.002 0.002 0.003 0.005 0.004 0.005 0.002 0.002
May 0.002 0.002 0.002 0.002 0.002 0.009 0.002 0.004 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.002 0.002
June 0.002 0.002 0.002 0.003 0.012 0.003 0.011 0.002 0.002 0.003 0.002 0.003 0.007 0.004 0.002 0.002
July 0.002 0.002 0.002 0.002 0.013 0.002 0.034 0.002 0.002 0.002 0.002 0.003 0.011 0.003 0.002 0.002
August 0.002 0.002 0.002 0.011 0.004 0.056 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.010 0.005 0.002 0.002
September 0.002 0.003 0.002 0.011 0.003 0.049 0.002 0.002 0.002 0.002 0.005 0.067 0.004 0.002 0.002
October 0.002 0.002 0.002 0.002 0.008 0.002 0.035 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.004 0.004 0.002 0.002 0.002
November 0.002 0.002 0.002 0.002 0.007 0.002 0.002 0.002 0.002 0.007 0.004 0.002 0.002 0.002
December 0.002 0.002 0.009 0.007 0.010 0.002 0.002 0.002 0.002 0.010 0.005 0.002 0.002 0.002

Mean 0.002 0.002 0.002 0.002 0.002 0.010 0.003 0.021 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.006 0.011 0.003 0.002 0.002
Std. dev. 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.018 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.018 0.001 0.000 0.000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 12 11 4 4 4 0 3 0 4 4 12 4 0 11 4 0 4 0 3 0 0 11
Minimum 0.002 0.002 0.002 0.002 0.002 0.008 0.002 0.004 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.002 0.002
Maximum 0.002 0.003 0.002 0.002 0.003 0.013 0.007 0.056 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.003 0.002 0.012 0.067 0.005 0.002 0.002
Median 0.002 0.002 0.002 0.002 0.002 0.010 0.002 0.011 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.005 0.004 0.003 0.002 0.002
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013 Bold Values = Values greater than or equal to the freshwater aquatic guidelines of 0.02 mg/L (30-day) and 0.06 mg/L (max) if [Chloride] <2 
Detection Limit= 0.002 mg/L Values equal to detection limit presented as 0.002 and formatted in italics

NITROGEN: Total NITROGEN N (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.27 0.15 1.55 14.30 41.80 0.17 0.13 0.15 0.10 11.70 2.93 4.18 0.12 0.04
February 0.19 0.23 1.74 15.50 42.20 0.22 0.15 0.21 0.11 11.50 3.22 4.52 0.16 0.08
March 0.18 0.17 0.07 1.46 15.80 44.20 0.04 0.07 0.13 0.03 0.08 0.12 0.06 0.11 0.06 11.80 2.67 2.98 0.14 0.02
April 0.23 0.19 0.69 3.66 18.50 0.17 0.14 0.16 0.15 2.94 4.00 5.15 0.28 0.10
May 0.29 0.28 0.94 0.12 0.23 1.54 4.43 4.47 0.12 0.15 0.20 0.09 0.12 0.11 0.22 0.14 0.21 3.93 2.44 3.29 0.14 710.00
June 0.21 0.19 1.16 0.21 1.32 4.28 7.66 0.13 0.06 0.07 0.08 3.06 1.56 2.59 0.09 0.06
July 0.23 0.18 0.92 0.22 1.42 5.01 10.60 0.10 0.11 0.08 0.08 2.05 1.25 3.44 0.09 0.10
August 0.20 0.19 0.05 1.41 7.26 23.10 0.04 0.08 0.13 0.05 0.09 0.07 0.07 0.07 0.12 1.78 0.72 0.95 0.15 0.12
September 0.19 0.16 0.19 1.39 7.77 31.70 0.21 0.17 0.12 0.11 3.52 0.99 0.99 0.08 0.14
October 0.31 0.20 0.17 0.27 1.59 10.10 31.90 0.23 0.21 0.26 0.23 0.22 0.27 0.32 0.21 0.35 4.97 1.88 1.20 0.27 0.20
November 0.22 0.20 0.14 9.65 29.10 0.18 0.14 0.15 0.11 7.30 2.95 0.47 0.16 0.24
December 0.26 0.28 1.57 14.30 10.40 0.21 0.18 0.19 0.21 9.35 1.65 0.21 0.18 0.11

Mean 0.23 0.20 0.93 0.10 0.21 1.50 9.34 24.64 0.11 0.13 0.17 0.10 0.13 0.14 0.17 0.12 0.19 6.16 2.19 2.50 0.16 59.27
Std. dev. 0.04 0.04 0.19 0.05 0.04 0.12 4.64 14.28 0.09 0.06 0.05 0.09 0.04 0.06 0.12 0.05 0.13 3.95 1.00 1.69 0.06 204.93
No.of values  12.00 12.00 4.00 4.00 6.00 10.00 12.00 12.00 4.00 4.00 12.00 4.00 12.00 12.00 4.00 12.00 4.00 12.00 12.00 12.00 12.00 12.00
No. < DL 0.00 0.00 0.00 1.00 4.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 2.00 0.00 1.00 0.00 0.00 0.00 0.00 12.00
Minimum 0.18 0.15 0.69 0.05 0.14 1.32 3.66 4.47 0.04 0.07 0.10 0.03 0.06 0.07 0.06 0.07 0.06 1.78 0.72 0.21 0.08 0.02
Maximum 0.31 0.28 1.16 0.17 0.27 1.74 15.80 44.20 0.23 0.21 0.26 0.23 0.22 0.27 0.32 0.21 0.35 11.80 4.00 5.15 0.28 710.00
Median 0.22 0.19 0.93 0.09 0.21 1.50 8.71 26.10 0.08 0.12 0.18 0.07 0.13 0.14 0.15 0.11 0.17 4.45 2.16 2.79 0.15 0.11
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013 Detection Limit = 0.02 mg/L Values equal to detection limit presented as 0.02 and formatted in italics



Kemess Mine General Parameters

YEAR : 2016

PHOSPHATE: DISSOLVED ORTHO-PHOSPHATE (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.002 0.001 0.0039 0.0046 0.002 0.0019 0.001 0.001 0.0013 0.0022 0.0019 0.0032 0.0014 0.0012
February 0.001 0.001 0.0034 0.0053 0.002 0.0010 0.001 0.0016 0.001 0.0027 0.001 0.0015 0.001 0.001
March 0.002 0.001 0.002 0.0026 0.0047 0.0013 0.0027 0.001 0.0010 0.003 0.001 0.001 0.0017 0.001 0.002 0.003 0.0025 0.003 0.0017 0.001
April 0.004 0.0014 0.0053 0.007 0.004 0.0014 0.0016 0.0019 0.0036 0.006 0.0032 0.0038 0.0027 0.0019
May 0.003 0.003 0.0032 0.002 0.0038 0.0032 0.006 0.006 0.0016 0.004 0.0023 0.002 0.0013 0.002 0.0029 0.0026 0.0026 0.0028 0.0032 0.0016 0.0034 0.002
June 0.002 0.0018 0.0038 0.0019 0.0037 0.002 0.001 0.0010 0.0014 0.002 0.0013 0.001 0.0014 0.0015 0.0019 0.0015
July 0.001 0.0018 0.0027 0.0014 0.0023 0.002 0.001 0.0017 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.0012
August 0.002 0.001 0.001 0.0039 0.001 0.001 0.0045 0.008 0.0016 0.003 0.001 0.002 0.0039 0.0057 0.001 0.0019 0.0023 0.006 0.0042 0.0017
September 0.0019 0.0033 0.0038 0.0031 0.003 0.004 0.0036 0.0021 0.003 0.0022 0.007 0.0057 0.0039 0.0026 0.0015
October 0.001 0.001 0.001 0.004 0.0016 0.001 0.0012 0.001 0.001 0.0010 0.001 0.001 0.001 0.001 0.001 0.001 0.0014 0.0019 0.0016 0.001 0.001
November 0.001 0.001 0.0033 0.002 0.001 0.0012 0.001 0.001 0.0012 0.0021 0.0016 0.0013 0.001 0.0015
December 0.004 0.001 0.0021 0.004 0.0047 0.0021 0.0015 0.001 0.0016 0.0033 0.0051 0.0017 0.0017 0.0016

Mean 0.002 0.002 0.004 0.001 0.003 0.003 0.004 0.002 0.002 0.004 0.002 0.002 0.001 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.002 0.001
Std. dev. 0.001 0.001 0.001 0.000 0.001 0.001 0.002 0.002 0.002 0.003 0.001 0.001 0.000 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 1 7 0 2 0 0 2 2 1 1 3 1 0 6 1 1 2 3 0 0 4 1
Minimum 0.001 0.001 0.003 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Maximum 0.004 0.003 0.005 0.002 0.004 0.004 0.007 0.006 0.005 0.008 0.004 0.003 0.002 0.003 0.004 0.006 0.003 0.007 0.006 0.006 0.004 0.002
Median 0.002 0.001 0.004 0.001 0.004 0.003 0.004 0.001 0.002 0.003 0.002 0.002 0.001 0.001 0.002 0.001 0.002 0.002 0.002 0.002 0.002 0.002
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013
Detection Limit = 0.001 mg/L
Values equal to detection limit presented as 0.001 and formatted in italics

PHOSPHATE: TOTAL DISSOLVED PHOSPHATE (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.004 0.002 0.005 0.007 0.003 0.0028 0.002 0.002 0.003 0.007 0.006 0.006 0.003 0.002
February 0.004 0.002 0.005 0.008 0.004 0.0034 0.002 0.002 0.002 0.006 0.004 0.009 0.002 0.002
March 0.003 0.002 0.006 0.005 0.007 0.004 0.007 0.003 0.0020 0.002 0.003 0.002 0.005 0.002 0.006 0.008 0.005 0.006 0.003 0.002
April 0.005 0.002 0.009 0.023 0.016 0.0041 0.005 0.004 0.008 0.016 0.022 0.016 0.009 0.006
May 0.004 0.004 0.004 0.002 0.007 0.003 0.004 0.008 0.003 0.007 0.0027 0.003 0.006 0.004 0.006 0.005 0.005 0.009 0.011 0.005 0.006 0.005
June 0.003 0.003 0.009 0.008 0.005 0.004 0.009 0.0027 0.003 0.003 0.003 0.006 0.010 0.006 0.004 0.004
July 0.004 0.002 0.003 0.010 0.005 0.015 0.007 0.0029 0.003 0.002 0.008 0.011 0.018 0.007 0.004 0.005
August 0.007 0.002 0.004 0.005 0.006 0.008 0.004 0.009 0.0036 0.003 0.004 0.003 0.005 0.003 0.004 0.012 0.009 0.007 0.005 0.005
September 0.008 0.004 0.009 0.008 0.007 0.010 0.0061 0.006 0.007 0.004 0.017 0.023 0.012 0.007 0.006
October 0.004 0.002 0.003 0.009 0.003 0.005 0.012 0.002 0.003 0.0020 0.003 0.002 0.002 0.003 0.003 0.002 0.010 0.012 0.005 0.003 0.006
November 0.003 0.002 0.011 0.009 0.006 0.0038 0.004 0.002 0.004 0.018 0.006 0.005 0.005 0.003
December 0.003 0.002 0.004 0.015 0.014 0.0030 0.002 0.002 0.005 0.015 0.002 0.004 0.002 0.003

Mean 0.004 0.002 0.006 0.004 0.009 0.005 0.009 0.008 0.004 0.006 0.003 0.003 0.003 0.003 0.005 0.004 0.004 0.011 0.011 0.007 0.004 0.004
Std. dev. 0.002 0.001 0.003 0.002 0.001 0.002 0.006 0.004 0.002 0.003 0.001 0.000 0.001 0.001 0.001 0.002 0.002 0.004 0.007 0.004 0.002 0.001
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 8 0 0 0 0 0 0 0 0 1 1 2 6 0 1 0 0 1 1 4 2
Minimum 0.003 0.002 0.003 0.002 0.007 0.003 0.004 0.003 0.002 0.003 0.002 0.002 0.002 0.002 0.003 0.002 0.002 0.006 0.002 0.004 0.002 0.002
Maximum 0.008 0.004 0.009 0.006 0.011 0.008 0.023 0.016 0.007 0.009 0.006 0.003 0.006 0.007 0.006 0.008 0.006 0.018 0.023 0.016 0.009 0.006
Median 0.004 0.002 0.006 0.004 0.009 0.005 0.007 0.008 0.003 0.005 0.003 0.003 0.003 0.002 0.005 0.004 0.004 0.010 0.009 0.006 0.004 0.004
WQ-14 relocated to WQ-14F starting April 2004; WQ-23 relocated to WQ-23a in 2013
Detection Limit= 0.002 mg/L
Values equal to detection limit presented as 0.002 and formatted in italics



Kemess Mine Geochemistry

YEAR: 2016

AL: TOTAL ALUMINIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0225 0.0186 0.02660 0.0269 0.0769 0.03350 0.0116 0.01200 0.00891 0.0738 0.0358 0.00929 0.0221 0.0131
February 0.0292 0.00797 0.02170 0.025 0.0202 0.02290 0.0431 0.00657 0.0103 0.0392 0.0311 0.0509 0.0227 0.0281
March 0.0188 0.0205 0.0521 0.01170 0.00991 0.0222 0.01570 0.06000 0.02080 0.01270 0.0221 0.00691 0.0661 0.00858 0.1 0.0322 0.0424 0.0128 0.0105 0.0302
April 0.093 0.00868 0.0772 0.236 0.187 0.02550 0.05540 0.0601 0.109 0.143 0.249 0.103 0.12 0.00908
May 0.0201 0.00659 0.00518 0.0362 0.0811 0.09870 0.031 0.219 0.05540 0.09610 0.04130 0.11800 0.13600 0.05790 0.115 0.07280 0.0813 0.0708 0.0631 0.0203 0.1230 0.0216
June 0.0237 0.00803 0.00517 0.0448 0.07990 0.0328 0.168 0.04110 0.02100 0.02480 0.03200 0.0312 0.14 0.0804 0.0727 0.00646
July 0.0936 0.0105 0.00417 0.0571 0.05650 0.11 0.0574 0.03490 0.02980 0.04340 0.02480 0.0804 0.111 0.0192 0.042 0.00668
August 0.0071 0.00523 0.0227 0.03970 0.0209 0.0308 0.06830 0.01520 0.01380 0.00990 0.01200 0.00963 0.0185 0.01430 0.0245 0.0509 0.143 0.0221 0.0204 0.00992
September 0.0160 0.00404 0.00689 0.06140 0.02840 0.09630 0.06290 0.00931 0.0109 0.02220 0.0943 0.0745 0.0242 0.0286 0.00885
October 0.0320 0.00407 0.0304 0.152 0.0506 0.03760 0.06190 0.02660 0.03000 0.03670 0.02930 0.01430 0.0226 0.0306 0.02310 0.0253 0.0725 0.0616 0.014 0.0278 0.0232
November 0.0127 0.00586 0.163 0.05250 0.04030 0.03920 0.06010 0.0117 0.01910 0.152 0.0545 0.0128 0.0247 0.0173
December 0.0077 0.00315 0.0311 0.14900 0.08980 0.05310 0.01030 0.0123 0.0301 0.108 0.0262 0.0177 0.0269 0.016

Mean 0.0314 0.0086 0.0229 0.0354 0.0841 0.0478 0.0633 0.0892 0.0415 0.0503 0.0355 0.0425 0.0354 0.0232 0.0576 0.0313 0.0578 0.0790 0.0860 0.0322 0.0451 0.0159
Std. dev. 0.0299 0.0056 0.0362 0.0125 0.0618 0.0272 0.0679 0.0672 0.0245 0.0358 0.0138 0.0511 0.0363 0.0196 0.0433 0.0299 0.0387 0.0399 0.0651 0.0301 0.0389 0.0083
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.007 0.003 0.004 0.023 0.007 0.012 0.010 0.020 0.016 0.015 0.014 0.010 0.009 0.007 0.019 0.009 0.025 0.031 0.026 0.009 0.011 0.006
Maximum 0.094 0.021 0.077 0.052 0.163 0.099 0.236 0.219 0.068 0.096 0.063 0.118 0.136 0.060 0.115 0.109 0.100 0.152 0.249 0.103 0.123 0.030
Median 0.021 0.007 0.005 0.033 0.069 0.045 0.032 0.069 0.041 0.045 0.036 0.021 0.022 0.012 0.048 0.023 0.053 0.073 0.062 0.020 0.027 0.015

Detection Limits= 0.0002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

AL: DISSOLVED ALUMINIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0167 0.01580 0.00992 0.00737 0.0103 0.01460 0.01390 0.00682 0.00449 0.00664 0.00382 0.00263 0.00968 0.00878
February 0.00241 0.00123 0.00398 0.00253 0.00278 0.00161 0.00175 0.00186 0.00439 0.00269 0.00526 0.0128 0.00355 0.00169
March 0.00352 0.00860 0.00548 0.00527 0.00271 0.0051 0.00499 0.00473 0.00385 0.00805 0.00547 0.00497 0.0111 0.00266 0.00629 0.00183 0.00086 0.00182 0.00293 0.00656
April 0.00208 0.00139 0.002 0.0186 0.023 0.00410 0.00710 0.01280 0.0206 0.0121 0.0085 0.0138 0.0159 0.00227
May 0.00672 0.00212 0.00091 0.01320 0.01660 0.004 0.00534 0.0269 0.02890 0.02190 0.01030 0.00942 0.00862 0.01050 0.043 0.0258 0.0702 0.0041 0.00504 0.00724 0.0365 0.00141
June 0.00223 0.00156 0.00072 0.01070 0.00362 0.0043 0.0183 0.00786 0.00587 0.00568 0.0109 0.00279 0.0032 0.00457 0.0133 0.00131
July 0.00263 0.00157 0.00064 0.01020 0.00439 0.00326 0.0165 0.00622 0.00669 0.00623 0.00942 0.00245 0.00351 0.00444 0.0114 0.00177
August 0.00408 0.00130 0.00569 0.00426 0.0033 0.0154 0.00859 0.00653 0.00395 0.00359 0.00306 0.00367 0.00726 0.00569 0.0115 0.0035 0.0025 0.00329 0.00618 0.0015
September 0.00454 0.00141 0.00192 0.00419 0.00286 0.00681 0.00387 0.00301 0.00514 0.0065 0.00212 0.00248 0.00493 0.00706 0.00116
October 0.00201 0.00163 0.00839 0.00621 0.0037 0.005 0.00512 0.011 0.00986 0.00457 0.00425 0.00449 0.00571 0.0144 0.0105 0.023 0.00251 0.00199 0.00338 0.0116 0.00099
November 0.00161 0.00149 0.00878 0.00389 0.00929 0.00240 0.00324 0.00297 0.00741 0.00311 0.00224 0.00251 0.00673 0.00126
December 0.00146 0.00126 0.00356 0.00287 0.00244 0.00219 0.00227 0.00230 0.00501 0.00255 0.00194 0.00128 0.00503 0.00101

Mean 0.0042 0.0033 0.0010 0.0082 0.0091 0.0047 0.0052 0.0118 0.0134 0.0108 0.0055 0.0063 0.0055 0.0057 0.0189 0.0094 0.0277 0.0039 0.0034 0.0052 0.0108 0.0025
Std. dev. 0.0042 0.0044 0.0004 0.0036 0.0049 0.0019 0.0045 0.0081 0.0106 0.0077 0.0038 0.0028 0.0034 0.0032 0.0163 0.0070 0.0291 0.0029 0.0020 0.0041 0.0090 0.0025
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Minimum 0.001 0.001 0.001 0.005 0.002 0.004 0.003 0.002 0.005 0.005 0.002 0.004 0.002 0.002 0.007 0.003 0.006 0.002 0.001 0.001 0.003 0.001
Maximum 0.017 0.016 0.002 0.013 0.017 0.010 0.019 0.027 0.029 0.022 0.015 0.009 0.014 0.013 0.043 0.026 0.070 0.012 0.009 0.014 0.037 0.009
Median 0.003 0.002 0.001 0.007 0.009 0.004 0.004 0.010 0.010 0.008 0.004 0.006 0.005 0.005 0.013 0.007 0.017 0.003 0.003 0.004 0.008 0.001

Bold Values = Values greater than or equal to the aquatic life freshwater guideline of 0.1 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F
Detection Limits= 0.0002 mg/L



Kemess Mine Geochemistry

YEAR: 2016

SB: TOTAL ANTIMONY (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000231 0.000133 0.00343 0.000133 0.000097 0.00022 0.000095 0.000096 0.000149 0.000036 0.000044 0.000036 0.000147
February 0.000246 0.00012 0.00373 0.000121 0.000056 0.00019 0.000109 0.000088 0.000116 0.000042 0.00007 0.000033 0.000128
March 0.000234 0.000143 0.000052 0.00338 0.000118 0.000054 0.000021 0.000074 0.00017 0.00004 0.000137 0.000096 0.00002 0.000021 0.000114 0.000045 0.000041 0.000041 0.000151
April 0.000237 0.000132 0.000033 0.000309 0.00009 0.00015 0.000097 0.000094 0.000179 0.000092 0.000112 0.00005 0.00015
May 0.000194 0.000126 0.000026 0.00002 0.000101 0.00301 0.00029 0.000071 0.00002 0.00005 0.00007 0.00005 0.00005 0.000058 0.00005 0.000022 0.000235 0.000102 0.000112 0.00005 0.000128
June 0.000215 0.000116 0.00003 0.000072 0.00284 0.000222 0.000078 0.00005 0.000045 0.000038 0.000198 0.000082 0.000099 0.00005 0.00014
July 0.000259 0.000124 0.00002 0.000054 0.00325 0.000227 0.0001 0.00007 0.00003 0.000032 0.000159 0.000061 0.000124 0.00002 0.000139
August 0.000278 0.000135 0.00002 0.00328 0.000175 0.000096 0.00002 0.000039 0.00011 0.00003 0.000068 0.000058 0.00002 0.000022 0.000135 0.000064 0.000069 0.000041 0.000144
September 0.000254 0.000138 0.000081 0.00326 0.00014 0.000081 0.00021 0.000061 0.000056 0.000103 0.000049 0.000039 0.000025 0.000138
October 0.000256 0.000134 0.00002 0.00006 0.0033 0.000154 0.000066 0.00002 0.000028 0.00015 0.00003 0.000062 0.000052 0.00002 0.000024 0.000095 0.000043 0.000036 0.000021 0.000132
November 0.000214 0.000138 0.000047 0.000133 0.000066 0.00019 0.000094 0.000077 0.000117 0.000044 0.00003 0.000031 0.000177
December 0.000189 0.000123 0.00356 0.000137 0.00011 0.00015 0.000105 0.000084 0.000105 0.000059 0.000035 0.000038 0.000147

Mean 0.00023 0.00013 0.00003 0.00003 0.00007 0.00330 0.00018 0.00008 0.00002 0.00005 0.00014 0.00004 0.00008 0.00007 0.00003 0.00002 0.00014 0.00006 0.00007 0.00004 0.00014
Std. dev. 0.00003 0.00001 0.00001 0.00002 0.00002 0.00025 0.00007 0.00002 0.00000 0.00002 0.00006 0.00001 0.00003 0.00002 0.00002 0.00000 0.00004 0.00002 0.00004 0.00001 0.00001
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 0 0 1 2 0 0 0 0 3 1 0 1 1 0 3 0 0 0 0 4 0
Minimum 0.00019 0.00012 0.00002 0.00002 0.00005 0.00284 0.00012 0.00005 0.00002 0.00003 0.00005 0.00003 0.00003 0.00003 0.00002 0.00002 0.00010 0.00004 0.00003 0.00002 0.00013
Maximum 0.00028 0.00014 0.00003 0.00005 0.00010 0.00373 0.00031 0.00011 0.00002 0.00007 0.00022 0.00005 0.00014 0.00010 0.00005 0.00002 0.00024 0.00010 0.00012 0.00005 0.00018
Median 0.00024 0.00013 0.00003 0.00002 0.00007 0.00329 0.00015 0.00008 0.00002 0.00004 0.00015 0.00004 0.00008 0.00007 0.00002 0.00002 0.00013 0.00005 0.00006 0.00004 0.00014
Bold Values = Values greater than or equal to the aquatic life freshwater guideline of 0.02 mg/L
Detection Limits= 0.00002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

SB: DISSOLVED ANTIMONY (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000223 0.000130 0.00366 0.000128 0.000065 0.000209 0.000089 0.000087 0.000128 0.000039 0.000042 0.000032 0.000142
February 0.000219 0.000126 0.00378 0.000128 0.000058 0.000193 0.000103 0.000082 0.000121 0.00005 0.000051 0.000033 0.000131
March 0.000216 0.000159 0.000023 0.0037 0.000121 0.000062 0.00002 0.000045 0.000167 0.000053 0.000138 0.000129 0.000044 0.000033 0.000101 0.000035 0.000036 0.000037 0.00015
April 0.000261 0.000136 0.000 0.000328 0.000 0.000138 0.000099 0.000089 0.000191 0.000087 0.000118 0.000037 0.000147
May 0.000199 0.00012 0.000024 0.000021 0.000088 0.003 0.000276 0.000064 0.00002 0.000032 0.000072 0.000039 0.000045 0.000058 0.00002 0.000023 0.000227 0.0001 0.000107 0.000023 0.000124
June 0.000217 0.000117 0.00002 0.000078 0.0031 0.000257 0.000083 0.00006 0.000045 0.000042 0.000193 0.000079 0.0001 0.000024 0.000144
July 0.000281 0.000131 0.000032 0.000066 0.00328 0.000241 0.000107 0.00007 0.000049 0.000039 0.000156 0.000069 0.000129 0.000024 0.000145
August 0.00027 0.000135 0.00002 0.00314 0.000169 0.000089 0.000022 0.000039 0.000109 0.00003 0.000058 0.000063 0.00002 0.00002 0.00013 0.0001 0.000071 0.000033 0.000142
September 0.000255 0.000132 0.000086 0.00323 0.000146 0.000084 0.000206 0.000064 0.000058 0.000101 0.000047 0.000038 0.000027 0.000132
October 0.000267 0.00013 0.00002 0.000066 0.00334 0.000159 0.000067 0.00002 0.000032 0.000151 0.000027 0.000063 0.000054 0.00002 0.00002 0.000089 0.000045 0.000035 0.000022 0.000128
November 0.000218 0.000132 0.000043 0.000142 0.000084 0.000144 0.000099 0.000077 0.000111 0.000051 0.00003 0.000031 0.000189
December 0.000215 0.00014 0.00366 0.000129 0.000107 0.000149 0.000103 0.000085 0.000117 0.000027 0.00002 0.000036 0.000148

Mean 0.00024 0.00013 0.00003 0.00002 0.00007 0.00339 0.00019 0.00008 0.00002 0.00004 0.00014 0.00004 0.00008 0.00007 0.00003 0.00002 0.00014 0.00006 0.00006 0.00003 0.00014
Std. dev. 0.00003 0.00001 0.00001 0.00000 0.00002 0.00028 0.00007 0.00002 0.00000 0.00001 0.00005 0.00001 0.00003 0.00002 0.00001 0.00001 0.00004 0.00003 0.00004 0.00001 0.00002
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 0 0 1 1 0 0 0 0 3 0 0 0 0 0 3 1 0 1 0 0 0
Minimum 0.00020 0.00012 0.00002 0.00002 0.00004 0.00303 0.00012 0.00006 0.00002 0.00003 0.00006 0.00003 0.00005 0.00004 0.00002 0.00002 0.00009 0.00003 0.00002 0.00002 0.00012
Maximum 0.00028 0.00016 0.00003 0.00002 0.00009 0.00378 0.00033 0.00011 0.00002 0.00005 0.00021 0.00005 0.00014 0.00013 0.00004 0.00003 0.00023 0.00010 0.00013 0.00004 0.00019
Median 0.00022 0.00013 0.00003 0.00002 0.00007 0.00331 0.00015 0.00008 0.00002 0.00004 0.00015 0.00003 0.00008 0.00007 0.00002 0.00002 0.00012 0.00005 0.00005 0.00003 0.00014

Detection Limits= 0.00002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

AS: TOTAL ARSENIC (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000737 0.00029 0.00576 0.000748 0.000312 0.00063 0.00057 0.000517 0.000425 0.000131 0.000568 0.00019 0.000891
February 0.000652 0.000278 0.00588 0.000675 0.000248 0.00062 0.00058 0.000462 0.000377 0.000133 0.00032 0.000154 0.000857
March 0.000714 0.000274 0.000273 0.00563 0.000631 0.000252 0.00027 0.00025 0.00054 0.00049 0.00057 0.000519 0.00013 0.000131 0.000336 0.000139 0.00022 0.000205 0.000789
April 0.00092 0.000301 0.000317 0.00201 0.000469 0.00058 0.00066 0.00045 0.000799 0.000368 0.000367 0.000267 0.00104
May 0.000609 0.000264 0.000254 0.000313 0.000206 0.00494 0.00113 0.000604 0.00034 0.00014 0.00040 0.00131 0.00105 0.000767 0.00011 0.000137 0.000547 0.00026 0.000205 0.000299 0.00147
June 0.000651 0.000295 0.000247 0.000238 0.00476 0.000955 0.000513 0.00030 0.00067 0.000556 0.000433 0.000261 0.000263 0.000255 0.0016
July 0.000719 0.000269 0.000218 0.000320 0.00472 0.00116 0.00046 0.00037 0.00063 0.000573 0.000532 0.000305 0.000308 0.000256 0.00183
August 0.0008 0.000281 0.000283 0.00498 0.00101 0.000447 0.00049 0.0002 0.00046 0.00060 0.00059 0.000565 0.00014 0.00010 0.000556 0.000418 0.000447 0.000259 0.00197
September 0.000765 0.000285 0.000258 0.00490 0.000918 0.000387 0.00055 0.00049 0.000513 0.000505 0.000312 0.000322 0.000197 0.00204
October 0.000755 0.000278 0.000296 0.000349 0.00511 0.000867 0.000415 0.00038 0.00017 0.00055 0.00066 0.00062 0.000519 0.00011 0.000101 0.000489 0.000213 0.000186 0.000205 0.00223
November 0.000586 0.000276 0.00019 0.000783 0.000292 0.00064 0.00059 0.000438 0.000566 0.000154 0.000167 0.000136 0.000512
December 0.000565 0.000247 0.00516 0.000835 0.000335 0.00054 0.00048 0.000387 0.000347 0.000163 0.000125 0.000161 0.000974

Mean 0.00071 0.00028 0.00026 0.00029 0.00026 0.00518 0.00098 0.00039 0.00037 0.00019 0.00051 0.00077 0.00062 0.00052 0.00012 0.00012 0.00049 0.00024 0.00029 0.00022 0.00135
Std. dev. 0.00010 0.00001 0.00004 0.00002 0.00006 0.00042 0.00036 0.00011 0.00009 0.00005 0.00011 0.00037 0.00015 0.00009 0.00002 0.00002 0.00013 0.00010 0.00013 0.00005 0.00058
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.00057 0.00025 0.00022 0.00027 0.00019 0.00472 0.00063 0.00025 0.00027 0.00014 0.00030 0.00049 0.00048 0.00039 0.00011 0.00010 0.00034 0.00013 0.00013 0.00014 0.00051
Maximum 0.00092 0.00030 0.00032 0.00031 0.00035 0.00588 0.00201 0.00060 0.00049 0.00025 0.00064 0.00131 0.00105 0.00077 0.00014 0.00014 0.00080 0.00042 0.00057 0.00030 0.00223
Median 0.00072 0.00028 0.00025 0.00029 0.00025 0.00505 0.00089 0.00040 0.00036 0.00019 0.00055 0.00063 0.00059 0.00052 0.00012 0.00012 0.00050 0.00024 0.00029 0.00021 0.00126
Bold Values = Values greater than or equal to the aquatic life freshwater guideline of 0.005 mg/L
Detection Limits= 0.00002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

AS: DISSOLVED ARSENIC (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000653 0.000290 0.00581 0.000703 0.000225 0.00064 0.00055 0.000504 0.000349 0.000102 0.000206 0.000187 0.000719
February 0.000648 0.000287 0.00608 0.000639 0.000208 0.000616 0.00053 0.000461 0.000299 0.0001 0.000164 0.00014 0.000672
March 0.000676 0.000289 0.000188 0.00568 0.000626 0.000216 0.00027 0.00021 0.000495 0.0005 0.00056 0.000466 8.3E-05 0.00008 0.000269 0.000075 0.000137 0.00017 0.000609
April 0.000916 0.000306 0.000 0.00179 0.000 0.000595 0.00062 0.000443 0.000667 0.000249 0.000327 0.000203 0.00087
May 0.000572 0.000253 0.000189 0.000239 0.000187 0.00469 0.00108 0.000339 0.0003 0.00013 0.000375 0.00106 0.00084 0.000656 9.6E-05 0.000111 0.000405 0.000216 0.000232 0.000213 0.000915
June 0.000665 0.000271 0.00024 0.000242 0.00470 0.00106 0.000405 0.000300 0.00068 0.000549 0.000402 0.000211 0.000242 0.000211 0.00136
July 0.000783 0.000298 0.000239 0.000361 0.00487 0.00116 0.000463 0.000316 0.00058 0.00053 0.000485 0.000245 0.000344 0.000266 0.00173
August 0.000749 0.000281 0.000257 0.00501 0.000997 0.000403 0.0004 0.0002 0.000398 0.00058 0.00056 0.000529 0.00013 0.000101 0.00052 0.00032 0.000461 0.000246 0.001610
September 0.000656 0.000254 0.000263 0.00491 0.000852 0.000409 0.000598 0.00051 0.000473 0.000389 0.00022 0.000249 0.000201 0.001660
October 0.000727 0.00027 0.000274 0.000287 0.00488 0.000814 0.000335 0.00033 0.00017 0.000546 0.00059 0.00058 0.00053 0.00011 0.000091 0.000333 0.000171 0.000141 0.000191 0.001350
November 0.000664 0.000274 0.000184 0.000709 0.000245 0.000509 0.00051 0.000456 0.000309 0.000132 0.000125 0.000161 0.000514
December 0.000624 0.00025 0.00505 0.000619 0.000225 0.000481 0.00052 0.000386 0.000189 0.000093 0.000097 0.000153 0.000782

Mean 0.00069 0.00028 0.00024 0.00024 0.00025 0.00517 0.00092 0.00032 0.00033 0.00018 0.00049 0.00068 0.00059 0.00050 0.00010 0.00010 0.00038 0.00018 0.00023 0.00020 0.00107
Std. dev. 0.00009 0.00002 0.00004 0.00004 0.00007 0.00050 0.00033 0.00009 0.00006 0.00004 0.00012 0.00025 0.00009 0.00007 0.00002 0.00001 0.00013 0.00008 0.00011 0.00004 0.00045
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.00057 0.00025 0.00019 0.00019 0.00018 0.00469 0.00062 0.00021 0.00027 0.00013 0.00030 0.00050 0.00051 0.00039 0.00008 0.00008 0.00019 0.00008 0.00010 0.00014 0.00051
Maximum 0.00092 0.00031 0.00028 0.00027 0.00036 0.00608 0.00179 0.00046 0.00040 0.00021 0.00064 0.00106 0.00084 0.00066 0.00013 0.00011 0.00067 0.00032 0.00046 0.00027 0.00173
Median 0.00066 0.00028 0.00024 0.00025 0.00025 0.00496 0.00083 0.00034 0.00031 0.00018 0.00050 0.00059 0.00056 0.00049 0.00010 0.00010 0.00037 0.00019 0.00022 0.00020 0.00089

Detection Limits= 0.00002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

BA: TOTAL BARIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.04 0.04590 0.0665 0.104 0.182 0.03790 0.02530 0.03240 0.09580 0.03550 0.042 0.02030 0.00967
February 0.0386 0.04320 0.0706 0.0927 0.175 0.03560 0.02810 0.03020 0.08330 0.03420 0.0426 0.01850 0.00887
March 0.0364 0.04550 0.0126 0.0636 0.0995 0.195 0.0155 0.03460 0.03330 0.01880 0.03190 0.03160 0.01370 0.01540 0.08760 0.03380 0.0365 0.02090 0.00999
April 0.0353 0.04350 0.0107 0.0583 0.0691 0.02730 0.02320 0.02520 0.04850 0.04250 0.0463 0.01900 0.0111
May 0.0388 0.03570 0.01480 0.00898 0.03270 0.0611 0.0675 0.0261 0.00796 0.01860 0.01620 0.02070 0.01930 0.01740 0.00791 0.01120 0.06460 0.03840 0.04 0.01160 0.0083
June 0.0299 0.03230 0.014 0.02830 0.0584 0.0571 0.0352 0.01080 0.01520 0.01330 0.06220 0.03730 0.0409 0.01120 0.00612
July 0.0321 0.03790 0.0138 0.03180 0.0633 0.0764 0.0621 0.01530 0.01790 0.01720 0.07220 0.04320 0.0637 0.01290 0.00754
August 0.0339 0.04020 0.00739 0.0616 0.0896 0.114 0.0118 0.03370 0.02240 0.02140 0.02190 0.02160 0.01160 0.01850 0.07390 0.04270 0.0507 0.01630 0.00989
September 0.03400 0.04140 0.0451 0.0617 0.08740 0.14200 0.02960 0.02110 0.02040 0.07640 0.03860 0.03380 0.01400 0.00875
October 0.03250 0.03870 0.00909 0.0402 0.0644 0.08940 0.13900 0.00933 0.02390 0.02450 0.01820 0.01990 0.01990 0.00917 0.01290 0.06590 0.03740 0.02790 0.01250 0.0111
November 0.03480 0.04330 0.0303 0.09250 0.10600 0.03050 0.02580 0.02840 0.08590 0.03620 0.02360 0.01670 0.0264
December 0.03650 0.03930 0.0673 0.12100 0.09160 0.03050 0.03260 0.03280 0.09160 0.03330 0.02060 0.02040 0.00938

Mean 0.03523 0.04058 0.01333 0.00952 0.03473 0.06385 0.08628 0.11143 0.01115 0.02770 0.02616 0.01978 0.02352 0.02420 0.01060 0.01450 0.07566 0.03776 0.03905 0.01619 0.01059
Std. dev. 0.00300 0.00405 0.00180 0.00220 0.00650 0.00353 0.01878 0.05677 0.00331 0.00776 0.00852 0.00152 0.00541 0.00677 0.00257 0.00318 0.01387 0.00349 0.01191 0.00364 0.00517
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.02990 0.03230 0.01070 0.00739 0.02830 0.05840 0.05710 0.02610 0.00796 0.01860 0.01080 0.01820 0.01520 0.01330 0.00791 0.01120 0.04850 0.03330 0.02060 0.01120 0.00612
Maximum 0.04000 0.04590 0.01480 0.01260 0.04510 0.07060 0.12100 0.19500 0.01550 0.03460 0.03790 0.02140 0.03260 0.03280 0.01370 0.01850 0.09580 0.04320 0.06370 0.02090 0.02640
Median 0.03505 0.04080 0.01390 0.00904 0.03225 0.06345 0.08950 0.11000 0.01057 0.02880 0.02845 0.01975 0.02255 0.02340 0.01039 0.01415 0.07515 0.03735 0.04045 0.01650 0.00953
Bold Values = Values greater than or equal to 1.0 mg/L
Detection Limits= 0.00002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

BA: DISSOLVED BARIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0447 0.05190 0.0774 0.112 0.201 0.04170 0.02980 0.03530 0.10800 0.035 0.0396 0.02030 0.0103
February 0.037 0.04420 0.0685 0.0986 0.172 0.03300 0.02720 0.03100 0.08730 0.033 0.045 0.01880 0.00876
March 0.0353 0.05010 0.0113 0.071 0.105 0.203 0.01470 0.03440 0.03280 0.01870 0.03150 0.03250 0.01330 0.0133 0.08550 0.0342 0.0356 0.02140 0.00943
April 0.0343 0.04380 0.010 0.0575 0.072 0.02980 0.02410 0.02470 0.04520 0.0384 0.0457 0.01760 0.0115
May 0.0343 0.03720 0.01570 0.00911 0.03300 0.063 0.069 0.0251 0.00844 0.01910 0.01630 0.02020 0.01980 0.01740 0.00759 0.01170 0.06190 0.03580 0.0396 0.0107 0.00833
June 0.0299 0.03390 0.0139 0.02940 0.0614 0.0627 0.0387 0.01050 0.01560 0.01380 0.05620 0.03530 0.041 0.01190 0.00623
July 0.0369 0.03940 0.0147 0.03280 0.0672 0.0789 0.0595 0.01450 0.02040 0.01580 0.06790 0.04650 0.0692 0.01360 0.00786
August 0.034 0.04020 0.00718 0.0649 0.0907 0.114 0.011 0.03270 0.02250 0.02120 0.02210 0.02200 0.01170 0.01600 0.07200 0.04230 0.0518 0.01630 0.00977
September 0.03320 0.04110 0.0464 0.0648 0.09380 0.14800 0.03060 0.02170 0.02110 0.07490 0.03810 0.03210 0.01400 0.00880
October 0.03310 0.04060 0.00907 0.0403 0.0643 0.09320 0.14300 0.00957 0.02640 0.02560 0.01900 0.02130 0.02040 0.0101 0.01360 0.06640 0.03660 0.02720 0.01270 0.00981
November 0.03490 0.04050 0.0304 0.09670 0.11200 0.02430 0.02620 0.02940 0.08160 0.03800 0.02280 0.01700 0.0275
December 0.03570 0.04260 0.0708 0.11900 0.09530 0.03110 0.03500 0.03440 0.09220 0.03130 0.02210 0.02200 0.00944

Mean 0.03528 0.04213 0.01358 0.00917 0.03538 0.06734 0.08976 0.11533 0.01093 0.02815 0.02606 0.01978 0.02456 0.02482 0.01067 0.01365 0.07493 0.03704 0.03931 0.01636 0.01064
Std. dev. 0.00352 0.00500 0.00249 0.00168 0.00661 0.00475 0.01921 0.05989 0.00272 0.00695 0.00897 0.00115 0.00556 0.00750 0.00244 0.00177 0.01715 0.00413 0.01317 0.00380 0.00547
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.02990 0.03390 0.01000 0.00718 0.02940 0.06140 0.05750 0.02510 0.00844 0.01910 0.01050 0.01870 0.01560 0.01380 0.00759 0.01170 0.04520 0.03130 0.02210 0.01070 0.00623
Maximum 0.04470 0.05190 0.01570 0.01130 0.04640 0.07740 0.11900 0.20300 0.01470 0.03440 0.04170 0.02120 0.03500 0.03530 0.01330 0.01600 0.10800 0.04650 0.06920 0.02200 0.02750
Median 0.03460 0.04085 0.01430 0.00909 0.03290 0.06605 0.09350 0.11300 0.01029 0.02955 0.02770 0.01960 0.02310 0.02335 0.01090 0.01345 0.07345 0.03620 0.03960 0.01665 0.00944

Detection Limits= 0.00002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

BE: TOTAL BERYLLIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
February 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
March 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
April 0.00001 0.00001 0.00001 0.000011 0.00001 0.00001 0.00001 0.00001 0.00001 0.000011 0.00001 0.00001 0.00001 0.00001
May 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.000042 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
June 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
July 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
August 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
September 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
October 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
November 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
December 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.000014 0.00001 0.00001 0.00001 0.00001

Mean 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Std. dev. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 12 12 4 4 6 10 11 10 4 4 12 4 12 12 4 12 4 10 12 12 12 12
Minimum 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Maximum 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00004 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Median 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Bold Values = Values greater than or equal to 0.0053 mg/L
Detection Limits= 0.00001 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

BE: BERYLIUM DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
February 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
March 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
April 0.00001 0.00001 0.000 0.00001 0.000 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
May 0.00001 0.00001 0.00001 0.00001 0.00001 0.000 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
June 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
July 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
August 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00005 0.00005 0.00001 0.00001 0.00001
September 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
October 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.000011 0.00001 0.00001 0.00001 0.00001
November 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
December 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001

Mean 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Std. dev. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00001 0.00000 0.00000 0.00000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 11 12 12 12 12
Minimum 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Maximum 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00005 0.00005 0.00001 0.00001 0.00001
Median 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001

Detection Limits= 0.00001 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

CD: TOTAL CADMIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000013 0.00002 0.000062 0.000007 0.000191 0.000013 0.000007 0.00001 0.000005 0.000039 0.000009 0.000009 0.000021 0.000055
February 0.000026 0.00001 0.000044 0.000015 0.000016 0.000009 0.00009 0.000009 0.000005 0.000029 0.000009 0.000036 0.00002 0.000018
March 0.000016 0.000026 0.000041 0.000047 0.000005 0.000017 0.000012 0.000055 0.000009 0.00002 0.000042 0.000006 0.000005 0.000006 0.00001 0.000006 0.000014 0.000017 0.000005 0.000045
April 0.000011 0.000011 0.000005 0.000026 0.000039 0.000009 0.000014 0.000007 0.000007 0.000009 0.00001 0.000029 0.000013 0.000009
May 0.000006 0.000006 0.000007 0.00001 0.000028 0.00004 0.000005 0.000037 0.000006 0.000005 0.000008 0.00002 0.000015 0.000015 0.000009 0.000016 0.000005 0.000006 0.000005 0.000005 0.000005 0.000006
June 0.00001 0.000006 0.000007 0.000005 0.000042 0.000005 0.000012 0.000007 0.000007 0.000006 0.000005 0.000005 0.000007 0.000006 0.000005 0.000006
July 0.000005 0.000005 0.000005 0.000005 0.000026 0.000005 0.000013 0.000005 0.000006 0.000006 0.000005 0.000006 0.00001 0.000005 0.000005 0.000005
August 0.000005 0.000007 0.000008 0.000033 0.000005 0.000008 0.000013 0.000005 0.000006 0.00001 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000009 0.000005 0.000006
September 0.000011 0.000006 0.000011 0.000037 0.000006 0.000013 0.000011 0.000005 0.000006 0.000005 0.000008 0.000008 0.000007 0.000005 0.000006
October 0.000008 0.000008 0.000011 0.000005 0.000033 0.000005 0.000011 0.000013 0.000005 0.000008 0.00001 0.000007 0.000006 0.000005 0.000005 0.000005 0.000005 0.000006 0.000005 0.000005 0.000009
November 0.000007 0.000006 0.000008 0.000006 0.000013 0.000006 0.000008 0.000005 0.000005 0.00001 0.000006 0.000005 0.000005 0.000011
December 0.000005 0.000005 0.000047 0.000016 0.000007 0.000008 0.000006 0.000005 0.000005 0.000006 0.000014 0.000006 0.000007 0.000005

Mean 0.00001 0.00001 0.00001 0.00002 0.00001 0.00004 0.00001 0.00003 0.00001 0.00002 0.00001 0.00001 0.00002 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00002
Std. dev. 0.00001 0.00001 0.00000 0.00002 0.00001 0.00001 0.00001 0.00005 0.00000 0.00003 0.00000 0.00001 0.00002 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00001 0.00001 0.00002
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 3 2 1 0 3 0 4 0 0 3 1 0 1 2 2 8 2 3 0 1 6 1
Minimum 0.00001 0.00001 0.00001 0.00001 0.00001 0.00003 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Maximum 0.00003 0.00003 0.00001 0.00004 0.00003 0.00006 0.00003 0.00019 0.00001 0.00006 0.00001 0.00002 0.00009 0.00002 0.00001 0.00002 0.00001 0.00004 0.00001 0.00004 0.00002 0.00006
Median 0.00001 0.00001 0.00001 0.00001 0.00001 0.00004 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Bold Values = Values greater than hardness-based water quality guideline for freshwater aquatic life
Detection Limits= 0.000005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Hardness site
WQ-SDDI

WQ-04
WQ-13

WQ-RCb

CD: DISSOLVED CADMIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000008 0.000010 0.000049 0.000005 0.000017 0.000032 0.000006 0.000005 0.000005 0.000005 0.000006 0.000011 0.000005 0.000006
February 0.000009 0.000009 0.000047 0.000005 0.000015 0.000006 0.000009 0.000005 0.000005 0.000005 0.000013 0.000005 0.000005 0.000005
March 0.000013 0.000014 0.000024 0.000043 0.000005 0.000046 0.000017 0.000013 0.000007 0.000034 0.000008 0.000009 0.000012 0.000005 0.000005 0.000005 0.000005 0.000019 0.000005 0.000022
April 0.000009 0.000007 0.000 0.000005 0.000 0.000008 0.000008 0.000006 0.000006 0.000005 0.000006 0.000008 0.000005 0.000009
May 0.000006 0.000006 0.000005 0.000011 0.000005 0.000037 0.000005 0.000012 0.000005 0.000005 0.000006 0.000006 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
June 0.000008 0.000005 0.000005 0.000005 0.000032 0.000005 0.000011 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000007 0.000005 0.000005
July 0.000005 0.000005 0.000005 0.000005 0.000025 0.000005 0.000006 0.000005 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
August 0.000007 0.000006 0.000007 0.00003 0.000005 0.000009 0.000012 0.000005 0.000005 0.000008 0.000008 0.000005 0.000005 0.000005 0.000006 0.000025 0.000025 0.000009 0.000005 0.000005
September 0.000007 0.000006 0.000005 0.000028 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
October 0.000008 0.000008 0.000007 0.000005 0.000029 0.000005 0.000008 0.000009 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
November 0.000009 0.000008 0.000005 0.000008 0.000014 0.000007 0.000005 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000012
December 0.000008 0.000009 0.000038 0.000007 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000007 0.000005 0.000005 0.000005

Mean 0.00001 0.00001 0.00001 0.00001 0.00001 0.00004 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Std. dev. 0.00000 0.00000 0.00000 0.00001 0.00000 0.00001 0.00000 0.00001 0.00001 0.00000 0.00001 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00001 0.00000 0.00000 0.00001
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 1 2 0 6 0 8 1 0 3 4 1 4 7 3 10 2 12 8 3 12 7
Minimum 0.00001 0.00001 0.00001 0.00001 0.00001 0.00003 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Maximum 0.00001 0.00001 0.00001 0.00002 0.00001 0.00005 0.00001 0.00005 0.00002 0.00001 0.00003 0.00003 0.00001 0.00001 0.00001 0.00001 0.00001 0.00003 0.00003 0.00002 0.00001 0.00002
Median 0.00001 0.00001 0.00001 0.00001 0.00001 0.00003 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001

Detection Limits= 0.000005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Maximum Long-Term D-Cd (mg/L) 
0.000136249392
0.000125008735
0.000095908685
0.000125572160

WQ-25
WQ-01 and WQ-03
WQ-17 and WQ-18

WQ-14F

Compliance Site Criteria Maximum Short-term D-Cd (mg/L)
0.000317913
0.000281823
0.000194502
0.000283602



Kemess Mine Geochemistry

YEAR: 2016

CR: TOTAL CHROMIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0001 0.00014 0.0001 0.0001 0.00017 0.0001 0.00011 0.00013 0.00012 0.00016 0.00024 0.00011 0.0001
February 0.0001 0.00011 0.00033 0.00017 0.0001 0.0001 0.00017 0.00011 0.00011 0.00011 0.00018 0.00011 0.0001
March 0.0001 0.00013 0.00024 0.0001 0.0001 0.0001 0.00013 0.00019 0.0001 0.0001 0.0001 0.00011 0.00016 0.00021 0.0001 0.00014 0.00011 0.0001 0.0001
April 0.00015 0.0001 0.00041 0.0005 0.0005 0.0001 0.0005 0.00014 0.0005 0.0005 0.0005 0.0005 0.0001
May 0.0001 0.0001 0.00032 0.00021 0.0005 0.00011 0.0005 0.0005 0.00011 0.0005 0.0001 0.0005 0.0005 0.0005 0.0005 0.00014 0.0005 0.0005 0.0005 0.0005 0.0005
June 0.0001 0.0001 0.00032 0.00014 0.00012 0.0005 0.0005 0.0001 0.0001 0.0001 0.0005 0.0005 0.0005 0.0005 0.0001
July 0.00016 0.00011 0.0004 0.0001 0.0001 0.00026 0.00052 0.0002 0.00012 0.00012 0.00015 0.00025 0.0001 0.00012 0.0001
August 0.00014 0.0001 0.00012 0.0001 0.0001 0.0001 0.0001 0.00011 0.0001 0.0001 0.0001 0.00015 0.0001 0.0001 0.0001 0.00053 0.00014 0.0001 0.0001
September 0.0001 0.0001 0.0001 0.0001 0.0001 0.00019 0.0001 0.0001 0.0001 0.00012 0.00019 0.0001 0.0001 0.00010
October 0.0001 0.00011 0.00011 0.00018 0.0001 0.0001 0.0001 0.0001 0.00011 0.0001 0.0001 0.0001 0.00012 0.00011 0.00012 0.00012 0.00016 0.0001 0.0001 0.00010
November 0.0001 0.00011 0.00019 0.00012 0.0001 0.0001 0.00016 0.00011 0.00023 0.00013 0.00011 0.00017 0.00010
December 0.0001 0.0001 0.00012 0.0002 0.00013 0.0001 0.0001 0.00012 0.00018 0.00022 0.00012 0.00014 0.00016

Mean 0.0001 0.0001 0.0004 0.0002 0.0002 0.0001 0.0002 0.0003 0.0001 0.0002 0.0001 0.0002 0.0002 0.0002 0.0002 0.0001 0.0002 0.0003 0.0002 0.0002 0.0001
Std. dev. 0.0000 0.0000 0.0000 0.0001 0.0002 0.0001 0.0002 0.0002 0.0000 0.0002 0.0000 0.0002 0.0002 0.0001 0.0002 0.0000 0.0002 0.0002 0.0002 0.0002 0.0001
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 9 6 0 0 3 6 8 7 2 1 3 3 6 2 1 1 5 3 5 6 11
Minimum 0.0001 0.0001 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Maximum 0.0002 0.0001 0.0004 0.0002 0.0005 0.0003 0.0005 0.0005 0.0001 0.0005 0.0002 0.0005 0.0005 0.0005 0.0005 0.0002 0.0005 0.0005 0.0005 0.0005 0.0005
Median 0.0001 0.0001 0.0004 0.0002 0.0002 0.0001 0.0001 0.0002 0.0001 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001
Bold Values = Values greater than or equal to the aquatic life freshwater guideline of 0.001 mg/L
Detection Limits= 0.0001 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

CR: DISSOLVED CHROMIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.00012 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
February 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.00012 0.00012 0.0001 0.0001 0.0001 0.0001 0.0001
March 0.0001 0.00011 0.00016 0.0001 0.0001 0.0001 0.0001 0.00011 0.0001 0.0001 0.0001 0.00012 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
April 0.0001 0.0001 0.000 0.0001 0.000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.00012 0.0001
May 0.0001 0.0001 0.00035 0.00017 0.0001 0.000 0.0001 0.0001 0.0001 0.0001 0.00012 0.0001 0.0001 0.0001 0.00014 0.00013 0.0001 0.0001 0.0001 0.00012 0.0001
June 0.0001 0.0001 0.00033 0.0001 0.0001 0.0001 0.0001 0.000 0.0001 0.0001 0.0001 0.0001 0.0001 0.00011 0.0001
July 0.0001 0.00011 0.00034 0.0001 0.0001 0.0001 0.0001 0.000 0.0001 0.0001 0.00023 0.0001 0.0001 0.0001 0.0001
August 0.0001 0.0001 0.00011 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0005 0.0005 0.0001 0.0001 0.00073
September 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
October 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.00011 0.00012 0.00014 0.0001 0.0001 0.0001 0.00011 0.00011
November 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
December 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Mean 0.0001 0.0001 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002
Std. dev. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0002
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 4 12 12 12 12 12
No. < DL 12 5 0 0 6 10 12 12 4 3 10 3 10 7 2 2 11 12 11 8 10
Minimum 0.0001 0.0001 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Maximum 0.0001 0.0001 0.0004 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0005 0.0005 0.0001 0.0001 0.0007
Median 0.0001 0.0001 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Detection Limits= 0.0001 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

CU: TOTAL COPPER (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00126 0.00116 0.0051 0.00141 0.0034 0.0013 0.000738 0.000528 0.000537 0.00192 0.000583 0.000553 0.000581 0.000966
February 0.00146 0.001 0.00455 0.00122 0.00173 0.0011 0.0016 0.000568 0.000521 0.00145 0.00053 0.000999 0.00092 0.000605
March 0.00208 0.00127 0.00165 0.00441 0.00109 0.00179 0.000476 0.00104 0.0010 0.00040 0.000949 0.000449 0.000778 0.000514 0.00105 0.001 0.000668 0.00061 0.000528 0.000821
April 0.00149 0.00118 0.000608 0.00429 0.00378 0.0011 0.00128 0.00131 0.00142 0.00294 0.0021 0.00228 0.00179 0.000638
May 0.00129 0.00145 0.000546 0.00124 0.00214 0.00526 0.00221 0.00363 0.000997 0.00088 0.0010 0.00108 0.00134 0.001250 0.00139 0.001070 0.002040 0.00183 0.001610 0.00157 0.001310 0.00094
June 0.00115 0.00134 0.000673 0.00113 0.00557 0.00178 0.00294 0.0006 0.000466 0.000538 0.00071 0.00174 0.001760 0.00212 0.0011 0.000663
July 0.00118 0.00136 0.000472 0.00117 0.00451 0.00218 0.0035 0.0008 0.000594 0.000773 0.000821 0.00199 0.001290 0.00148 0.000875 0.000739
August 0.000623 0.00122 0.00065 0.00374 0.00149 0.00323 0.000863 0.000403 0.0008 0.00039 0.000509 0.000516 0.000809 0.000712 0.000881 0.00175 0.001190 0.00124 0.000792 0.000951
September 0.000935 0.00112 0.00167 0.0035 0.00136 0.00332 0.0015 0.000463 0.000571 0.000725 0.00144 0.001290 0.00075 0.000715 0.000675
October 0.00102 0.0012 0.0007 0.00153 0.003 0.00132 0.00288 0.000563 0.000416 0.0008 0.00043 0.000482 0.000638 0.000684 0.000641 0.00112 0.00156 0.000980 0.000588 0.000633 0.000985
November 0.000972 0.00106 0.000928 0.00119 0.0017 0.0009 0.000702 0.000549 0.000738 0.00167 0.000744 0.000494 0.000688 0.0011
December 0.00102 0.00092 0.00387 0.00194 0.00165 0.0010 0.000567 0.000564 0.000764 0.0018 0.001670 0.000438 0.000676 0.000505

Mean 0.00121 0.00119 0.00057 0.00106 0.00143 0.00435 0.00179 0.00280 0.00072 0.00068 0.00099 0.00058 0.00081 0.00069 0.00092 0.00076 0.00127 0.00176 0.00120 0.00109 0.00088 0.00080
Std. dev. 0.00036 0.00015 0.00009 0.00047 0.00044 0.00082 0.00087 0.00084 0.00025 0.00032 0.00025 0.00034 0.00039 0.00029 0.00032 0.00026 0.00052 0.00046 0.00051 0.00064 0.00036 0.00019
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.00062 0.00092 0.00047 0.00065 0.00093 0.00300 0.00109 0.00165 0.00048 0.00040 0.00063 0.00039 0.00046 0.00045 0.00068 0.00051 0.00088 0.00100 0.00053 0.00044 0.00053 0.00051
Maximum 0.00208 0.00145 0.00067 0.00165 0.00214 0.00557 0.00429 0.00378 0.00100 0.00104 0.00152 0.00108 0.00160 0.00131 0.00139 0.00142 0.00204 0.00294 0.00210 0.00228 0.00179 0.00110
Median 0.00117 0.00119 0.00058 0.00097 0.00135 0.00446 0.00145 0.00309 0.00071 0.00065 0.00100 0.00042 0.00065 0.00057 0.00079 0.00072 0.00109 0.00175 0.00124 0.00087 0.00075 0.00078
Bold Values = Values greater than hardness-based water quality guideline for freshwater aquatic life Total Copper allowable maximum is hardness-based; 30-day is 0.002 mg/L, if hardness < 50mg/L
Detection Limits= 0.00005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Hardness site
WQ-SDDI

WQ-04
WQ-13

WQ-RCb

CU: DISSOLVED COPPER (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000522 0.00094 0.00448 0.001 0.0016 0.000736 0.000351 0.00048 0.000558 0.000884 0.000336 0.000395 0.000491 0.000312
February 0.0009 0.00094 0.00425 0.00098 0.00149 0.00073 0.000492 0.000368 0.000529 0.000827 0.000528 0.000448 0.000543 0.000402
March 0.00077 0.00113 0.00086 0.00397 0.00096 0.00191 0.000956 0.00031 0.000774 0.000559 0.000564 0.000561 0.000833 0.000422 0.000513 0.000913 0.000337 0.000387 0.000461 0.000545
April 0.000952 0.00103 0.000394 0.00277 0.00281 0.00094 0.000933 0.00104 0.00122 0.0021 0.00121 0.00176 0.00113 0.000519
May 0.0011 0.00157 0.000474 0.00091 0.00133 0.00346 0.00195 0.0029 0.000978 0.000655 0.000822 0.000656 0.000662 0.00082 0.000871 0.000897 0.00222 0.00139 0.00116 0.00138 0.000905 0.000448
June 0.000818 0.00113 0.000297 0.000986 0.00289 0.00168 0.00252 0.000507 0.000411 0.000451 0.000585 0.00118 0.00084 0.0012 0.000744 0.000566
July 0.000691 0.00130 0.000376 0.00102 0.00296 0.00152 0.00287 0.000518 0.000443 0.000537 0.000628 0.00129 0.000772 0.00133 0.000653 0.000544
August 0.000675 0.00106 0.00048 0.00296 0.00135 0.0029 0.000552 0.000366 0.000633 0.000364 0.000456 0.000521 0.000657 0.000663 0.000844 0.00128 0.00067 0.00106 0.000662 0.000986
September 0.000706 0.00103 0.00147 0.00223 0.00121 0.00235 0.000638 0.000395 0.000524 0.000568 0.000969 0.000579 0.000707 0.000659 0.000522
October 0.000589 0.00126 0.00059 0.000848 0.00256 0.00128 0.00235 0.000727 0.000407 0.000628 0.000372 0.00045 0.000548 0.000766 0.000643 0.0012 0.00148 0.000555 0.000497 0.000677 0.000554
November 0.000643 0.00102 0.000586 0.00096 0.00156 0.000387 0.000384 0.000525 0.000623 0.000985 0.000473 0.000366 0.000622 0.00103
December 0.000751 0.00090 0.00264 0.00111 0.000978 0.000695 0.000526 0.000529 0.000613 0.00102 0.000567 0.000337 0.000589 0.000412

Mean 0.00076 0.00111 0.00039 0.00071 0.00104 0.00324 0.00140 0.00219 0.00080 0.00043 0.00067 0.00049 0.00051 0.00058 0.00078 0.00066 0.00119 0.00119 0.00067 0.00082 0.00068 0.00057
Std. dev. 0.00016 0.00019 0.00007 0.00021 0.00032 0.00076 0.00053 0.00066 0.00020 0.00015 0.00015 0.00014 0.00016 0.00018 0.00009 0.00021 0.00074 0.00036 0.00028 0.00050 0.00018 0.00022
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.00052 0.00090 0.00030 0.00048 0.00059 0.00223 0.00096 0.00098 0.00055 0.00031 0.00039 0.00036 0.00035 0.00037 0.00066 0.00042 0.00051 0.00083 0.00034 0.00034 0.00046 0.00031
Maximum 0.00110 0.00157 0.00047 0.00091 0.00147 0.00448 0.00277 0.00290 0.00098 0.00066 0.00094 0.00066 0.00093 0.00104 0.00087 0.00122 0.00222 0.00210 0.00121 0.00176 0.00113 0.00103
Median 0.00073 0.00105 0.00039 0.00073 0.00100 0.00296 0.00125 0.00235 0.00084 0.00039 0.00067 0.00047 0.00045 0.00053 0.00080 0.00062 0.00102 0.00110 0.00057 0.00060 0.00066 0.00053

Detection Limits= 0.00005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Compliance Site Criteria Maximum (mg/L) 30-day Avg
0.002201

0.002
WQ-25 is 

WQ-01 and WQ-03 is
WQ-17 and WQ-18 is

WQ-14F is
0.002
0.002

0.00717235
0.0066013
0.0052101
0.0066295



Kemess Mine Geochemistry

YEAR: 2016

FE: TOTAL IRON (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0314 0.0045 0.0208 0.056 0.136 0.040 0.0097 0.0097 0.103 0.197 0.314 1.69 0.11 0.109
February 0.0314 0.0027 0.0198 0.0561 0.129 0.033 0.0434 0.0078 0.116 0.234 0.276 0.75 0.111 0.109
March 0.0255 0.005 0.113 0.009 0.0349 0.16 0.0144 0.0156 0.029 0.010 0.0106 0.0087 0.181 0.112 0.27 0.188 0.269 0.516 0.0956 0.0907
April 0.102 0.0039 0.0859 0.281 0.257 0.038 0.0774 0.0789 0.261 0.31 0.475 0.297 0.312 0.15
May 0.0358 0.0043 0.0042 0.0458 0.0679 0.102 0.0399 0.296 0.034 0.0794 0.045 0.101 0.141 0.0595 0.175 0.105 0.0433 0.148 0.188 0.0937 0.173 0.139
June 0.0293 0.005 0.0056 0.0491 0.0931 0.0395 0.218 0.036 0.0283 0.031 0.0561 0.0692 0.37 0.305 0.0996 0.0445
July 0.16 0.0135 0.007 0.0882 0.0505 0.153 0.0904 0.037 0.0504 0.0646 0.0669 0.206 0.493 0.0564 0.0951 0.0586
August 0.0068 0.0051 0.0246 0.0383 0.0505 0.0835 0.05 0.013 0.018 0.017 0.0155 0.0112 0.0833 0.0595 0.0219 0.13 0.607 0.54 0.0785 0.069
September 0.0191 0.0024 0.0097 0.0483 0.0568 0.189 0.072 0.0122 0.0165 0.0629 0.252 0.568 0.549 0.0861 0.0711
October 0.0274 0.0023 0.0259 0.17 0.0345 0.0536 0.176 0.0109 0.0166 0.031 0.022 0.016 0.021 0.0906 0.0578 0.0207 0.217 0.389 0.23 0.0808 0.171
November 0.0156 0.0029 0.187 0.11 0.0967 0.028 0.111 0.0142 0.159 0.465 0.417 0.397 0.138 0.013
December 0.0153 0.002 0.0234 0.256 0.195 0.068 0.0101 0.0145 0.128 0.252 0.339 0.242 0.102 0.0883

Mean 0.042 0.004 0.026 0.052 0.095 0.044 0.099 0.169 0.027 0.031 0.040 0.037 0.044 0.028 0.132 0.107 0.089 0.222 0.392 0.472 0.123 0.093
Std. dev. 0.044 0.003 0.040 0.042 0.070 0.031 0.086 0.067 0.018 0.032 0.016 0.043 0.044 0.025 0.053 0.059 0.121 0.099 0.126 0.433 0.065 0.046
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.007 0.002 0.004 0.025 0.010 0.009 0.035 0.084 0.011 0.013 0.018 0.010 0.010 0.008 0.083 0.056 0.021 0.069 0.188 0.056 0.079 0.013
Maximum 0.160 0.014 0.086 0.113 0.187 0.102 0.281 0.296 0.050 0.079 0.072 0.101 0.141 0.079 0.181 0.261 0.270 0.465 0.607 1.690 0.312 0.171
Median 0.028 0.004 0.006 0.036 0.078 0.036 0.056 0.168 0.024 0.016 0.037 0.019 0.022 0.016 0.133 0.104 0.033 0.212 0.380 0.351 0.101 0.090
Bold Values = Values exceeding the water quality criteria of 1.0 mg/L
Detection Limits= 0.001 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

FE: DISSOLVED IRON (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0018 0.001 0.0014 0.0168 0.0377 0.0031 0.0018 0.0018 0.0528 0.0137 0.058 0.121 0.045 0.0281
February 0.0014 0.001 0.0118 0.0296 0.0012 0.001 0.002 0.102 0.0462 0.0864 0.108 0.0572 0.0445
March 0.0011 0.002 0.0233 0.001 0.014 0.0462 0.0019 0.0027 0.0019 0.0054 0.0022 0.003 0.072 0.0374 0.0085 0.0127 0.0249 0.124 0.0436 0.038
April 0.0016 0.001 0.001 0.001 0.0258 0.0489 0.0081 0.0136 0.0223 0.0201 0.0621 0.119 0.108 0.106 0.071
May 0.0033 0.001 0.001 0.013 0.0111 0.001 0.0092 0.0674 0.0134 0.0164 0.0154 0.0054 0.0062 0.0092 0.0662 0.0204 0.0305 0.0093 0.0615 0.0515 0.0562 0.0235
June 0.0017 0.001 0.001 0.0103 0.001 0.0091 0.0397 0.0034 0.0034 0.0037 0.0326 0.0102 0.103 0.112 0.0288 0.0113
July 0.001 0.001 0.001 0.0158 0.001 0.0118 0.0179 0.0025 0.0035 0.0059 0.0253 0.0171 0.145 0.015 0.0399 0.019
August 0.0018 0.001 0.0031 0.001 0.0141 0.0366 0.0016 0.0043 0.0026 0.0058 0.0035 0.0046 0.0487 0.0311 0.0139 0.0252 0.189 0.277 0.0411 0.0305
September 0.0048 0.001 0.0011 0.0108 0.0274 0.0014 0.003 0.0055 0.0851 0.0178 0.116 0.112 0.0302 0.0086
October 0.001 0.001 0.004 0.0112 0.001 0.011 0.036 0.0034 0.0079 0.0029 0.0038 0.0032 0.0058 0.045 0.0485 0.0167 0.0122 0.0454 0.0656 0.0382 0.0154
November 0.0019 0.001 0.0133 0.0168 0.0159 0.0362 0.0017 0.0019 0.0028 0.0307 0.11 0.121 0.0706 0.0016
December 0.0033 0.001 0.0118 0.0102 0.0041 0.0013 0.0017 0.0023 0.0054 0.0723 0.0605 0.0368 0.0185

Mean 0.002 0.001 0.001 0.011 0.010 0.004 0.013 0.036 0.005 0.008 0.004 0.005 0.004 0.006 0.058 0.046 0.017 0.022 0.094 0.106 0.049 0.026
Std. dev. 0.001 0.000 0.000 0.009 0.005 0.006 0.005 0.016 0.006 0.006 0.004 0.001 0.003 0.006 0.013 0.028 0.009 0.017 0.046 0.064 0.021 0.019
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 10 4 12 12 12 12 12
No. < DL 2 10 4 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.001 0.001 0.001 0.003 0.001 0.001 0.009 0.004 0.002 0.003 0.001 0.004 0.001 0.002 0.045 0.020 0.009 0.005 0.025 0.015 0.029 0.002
Maximum 0.005 0.002 0.001 0.023 0.016 0.017 0.026 0.067 0.013 0.016 0.015 0.006 0.014 0.022 0.072 0.102 0.031 0.062 0.189 0.277 0.106 0.071
Median 0.002 0.001 0.001 0.009 0.011 0.001 0.012 0.036 0.003 0.006 0.003 0.005 0.003 0.004 0.057 0.035 0.015 0.015 0.095 0.110 0.042 0.021
Bold Values = Values exceeding the water quality criteria of 0.35 mg/L
Detection Limits= 0.001 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

MN: TOTAL MANGANESE (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0966 0.00051 0.00894 0.0177 0.0307 0.051 0.00326 0.00163 0.00802 0.0229 0.0336 0.0891 0.0116 0.00322
February 0.0661 0.0004 0.00838 0.0124 0.0423 0.045 0.0116 0.00048 0.00662 0.0159 0.0234 0.0472 0.00964 0.00425
March 0.0528 0.00056 0.0143 0.00736 0.0131 0.0484 0.0002 0.00059 0.060 0.00135 0.00667 0.00116 0.00812 0.00675 0.0368 0.00971 0.022 0.0459 0.00939 0.00234
April 0.0585 0.00042 0.00186 0.024 0.0354 0.057 0.0342 0.0048 0.0106 0.0429 0.0258 0.0295 0.0154 0.00442
May 0.107 0.00032 0.000335 0.00473 0.01960 0.0121 0.00424 0.0175 0.000771 0.00497 0.027 0.00543 0.022600 0.01 0.0084 0.00745 0.00303 0.0219 0.0130 0.0093 0.00976 0.0129
June 0.065 0.00039 0.000472 0.01220 0.0089 0.00469 0.0161 0.022 0.004790 0.00373 0.00455 0.0105 0.0268 0.0292 0.00674 0.00224
July 0.0388 0.00077 0.000158 0.02450 0.0044 0.0179 0.0127 0.022 0.005730 0.00487 0.00482 0.0248 0.0424 0.00748 0.00707 0.00336
August 0.00554 0.00083 0.00427 0.00409 0.0138 0.0152 0.00283 0.00062 0.040 0.00170 0.005340 0.00235 0.0059 0.0043 0.01540 0.0277 0.049 0.139 0.00682 0.00978
September 0.0680 0.00062 0.0727 0.00425 0.0163 0.0225 0.046 0.005140 0.00201 0.00414 0.0542 0.0444 0.0835 0.00651 0.00531
October 0.0488 0.00077 0.00377 0.0295 0.00449 0.0132 0.0416 0.000228 0.00071 0.030 0.00250 0.006020 0.00391 0.00723 0.00513 0.00548 0.0386 0.0276 0.0296 0.00708 0.0172
November 0.113 0.00068 0.138 0.0189 0.0282 0.047 0.035000 0.00179 0.0106 0.075 0.0345 0.0386 0.0105 0.000945
December 0.161 0.00033 0.00548 0.068 0.042 0.081 0.002940 0.00137 0.0102 0.0542 0.045 0.019 0.0112 0.0036

Mean 0.0734 0.0006 0.0007 0.0068 0.0494 0.0068 0.0187 0.0294 0.0010 0.0017 0.0440 0.0027 0.0119 0.0032 0.0074 0.0069 0.0152 0.0332 0.0323 0.0473 0.0093 0.0058
Std. dev. 0.0406 0.0002 0.0008 0.0050 0.0483 0.0027 0.0165 0.0125 0.0012 0.0022 0.0173 0.0019 0.0118 0.0026 0.0011 0.0025 0.0154 0.0201 0.0111 0.0385 0.0027 0.0049
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.0055 0.0003 0.0002 0.0038 0.0122 0.0041 0.0042 0.0127 0.0002 0.0006 0.0216 0.0014 0.0029 0.0005 0.0059 0.0041 0.0030 0.0097 0.0130 0.0075 0.0065 0.0009
Maximum 0.1610 0.0008 0.0019 0.0143 0.1380 0.0121 0.0680 0.0484 0.0028 0.0050 0.0810 0.0054 0.0350 0.0100 0.0084 0.0106 0.0368 0.0750 0.0490 0.1390 0.0154 0.0172
Median 0.0656 0.0005 0.0004 0.0045 0.0270 0.0064 0.0151 0.0295 0.0005 0.0007 0.0457 0.0021 0.0059 0.0022 0.0077 0.0067 0.0104 0.0263 0.0306 0.0341 0.0095 0.0039
Bold Values = Values greater than hardness-based water quality guideline for freshwater aquatic life

Detection Limits= 0.00005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Hardness 
site

WQ-SDDI
WQ-04
WQ-13

WQ-RCb

MN: DISSOLVED MANGANESE (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.101 0.00022 0.00816 0.016 0.0315 0.0449 0.0011 0.00005 0.00651 0.00288 0.0287 0.0481 0.00879 0.000921
February 0.0626 0.00025 0.00694 0.0108 0.0411 0.0361 0.00213 0.00013 0.00585 0.00243 0.0202 0.0295 0.00834 0.00101
March 0.0531 0.00044 0.0113 0.00635 0.0111 0.049 0.00005 0.00022 0.0495 0.00145 0.00319 0.00042 0.00542 0.00496 0.00144 0.0033 0.0197 0.0408 0.00764 0.00104
April 0.0556 0.0003 0.000 0.0082 0.031 0.046 0.00734 0.00178 0.00403 0.0116 0.0142 0.0105 0.0052 0.00192
May 0.112 0.00028 0.000086 0.00342 0.0023 0.008 0.00228 0.00604 0.000215 0.00033 0.0185 0.000441 0.00273 0.00174 0.00223 0.00191 0.00141 0.00113 0.00724 0.00606 0.00223 0.000585
June 0.0629 0.00025 0.000168 0.00062 0.00131 0.00206 0.00628 0.016 0.0019 0.00131 0.00198 0.000554 0.0133 0.0155 0.0016 0.000109
July 0.0269 0.00025 0.00005 0.00031 0.00117 0.000729 0.000448 0.013 0.00122 0.00036 0.000387 0.000209 0.0259 0.000803 0.00217 0.000085
August 0.0461 0.00063 0.00023 0.000346 0.0121 0.00169 0.000115 0.00022 0.0325 0.00103 0.00196 0.00085 0.0018 0.00188 0.013 0.00069 0.0487 0.125 0.00259 0.00183
September 0.0589 0.00044 0.00028 0.00005 0.00912 0.000 0.000124 0.000998 5.2E-05 0.000131 0.000503 0.000657 0.000375 0.000158 0.000073
October 0.0464 0.00076 0.0001 0.0193 0.00118 0.00962 0.021 0.000061 0.00022 0.0168 0.000827 0.0019 0.00152 0.00213 0.00277 0.00424 0.00085 0.0203 0.0235 0.00294 0.000278
November 0.117 0.00041 0.129 0.0117 0.0291 0.0273 0.00292 0.00072 0.00837 0.00512 0.0317 0.0362 0.00971 0.000552
December 0.154 0.00036 0.000738 0.0309 0.000559 0.000958 0.000292 0.00028 0.0076 0.000436 0.0203 0.0097 0.00752 0.000136

Mean 0.0747 0.0004 0.0002 0.0038 0.0253 0.0034 0.0104 0.0181 0.0001 0.0002 0.0251 0.0009 0.0023 0.0008 0.0029 0.0039 0.0050 0.0025 0.0209 0.0288 0.0049 0.0007
Std. dev. 0.0375 0.0002 0.0001 0.0053 0.0513 0.0034 0.0079 0.0177 0.0001 0.0001 0.0170 0.0004 0.0018 0.0007 0.0017 0.0028 0.0055 0.0032 0.0123 0.0342 0.0033 0.0007
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0
Minimum 0.0269 0.0002 0.0001 0.0001 0.0003 0.0001 0.0007 0.0004 0.0001 0.0002 0.0001 0.0004 0.0003 0.0001 0.0018 0.0001 0.0014 0.0002 0.0007 0.0004 0.0002 0.0001
Maximum 0.1540 0.0008 0.0004 0.0113 0.1290 0.0082 0.0309 0.0490 0.0002 0.0003 0.0495 0.0015 0.0073 0.0018 0.0054 0.0084 0.0130 0.0116 0.0487 0.1250 0.0097 0.0019
Median 0.0608 0.0003 0.0001 0.0018 0.0015 0.0012 0.0102 0.0136 0.0001 0.0002 0.0229 0.0009 0.0019 0.0006 0.0022 0.0034 0.0028 0.0010 0.0203 0.0195 0.0041 0.0006

Detection Limits= 0.00005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

WQ-17 and WQ-18 0.9163
WQ-14F 1.0827

Compliance Site Maximum T-Mn (mg/L)
WQ-25 1.1464

WQ-01 and WQ-03 1.0794



Kemess Mine Geochemistry

YEAR: 2016

PB: TOTAL LEAD (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00002 0.000015 0.000046 0.00002 0.00022 0.00003 0.000014 0.000014 0.000005 0.000079 0.000025 0.000025 0.000032 0.000045
February 0.000033 0.000006 0.000023 0.00002 0.000015 0.00002 0.000078 0.000014 0.000006 0.000052 0.000028 0.000055 0.000024 0.000022
March 0.000021 0.000019 0.000098 0.000009 0.000005 0.000016 0.000005 0.000058 0.00001 0.00002 0.000017 0.000005 0.000038 0.000006 0.000091 0.000023 0.000032 0.000048 0.000005 0.000032
April 0.00006 0.000005 0.000025 0.000145 0.000174 0.00002 0.00005 0.000016 0.00005 0.00009 0.000124 0.000059 0.000059 0.000009
May 0.000013 0.000005 0.00001 0.000031 0.000133 0.000073 0.00005 0.000263 0.000006 0.00005 0.00002 0.00006 0.000054 0.00005 0.00005 0.00005 0.000006 0.00005 0.00005 0.00005 0.00005 0.00005
June 0.000021 0.000005 0.000019 0.000019 0.000098 0.00005 0.000132 0.00002 0.000011 0.00001 0.00005 0.00005 0.000059 0.00005 0.00005 0.000005
July 0.000017 0.000005 0.000005 0.000014 0.000042 0.00005 0.000035 0.00001 0.000006 0.000008 0.000005 0.000036 0.000043 0.000005 0.000008 0.000005
August 0.000011 0.000005 0.000025 0.000024 0.000009 0.000013 0.000028 0.000005 0.00001 0.00001 0.000007 0.000007 0.000008 0.000008 0.000011 0.000028 0.00006 0.000021 0.000013 0.000026
September 0.000013 0.000005 0.000009 0.000043 0.00002 0.00005 0.00008 0.000006 0.000005 0.000011 0.000051 0.000059 0.000027 0.000008 0.000005
October 0.000024 0.000005 0.000018 0.000072 0.000027 0.000013 0.000042 0.000016 0.000005 0.00002 0.00001 0.000005 0.00001 0.000005 0.000005 0.000005 0.000041 0.00004 0.000008 0.000005 0.000021
November 0.000006 0.000005 0.000055 0.000018 0.000018 0.00001 0.000034 0.000005 0.000007 0.000083 0.000028 0.000012 0.00001 0.000009
December 0.000005 0.000005 0.000691 0.000126 0.000061 0.00002 0.000032 0.000005 0.000017 0.000068 0.000271 0.00001 0.000007 0.000009

Mean 0.00002 0.00001 0.00001 0.00004 0.00005 0.00011 0.00004 0.00009 0.00001 0.00003 0.00002 0.00002 0.00003 0.00001 0.00003 0.00002 0.00003 0.00005 0.00007 0.00003 0.00002 0.00002
Std. dev. 0.00001 0.00000 0.00001 0.00004 0.00005 0.00021 0.00005 0.00009 0.00001 0.00003 0.00002 0.00003 0.00002 0.00001 0.00002 0.00002 0.00004 0.00002 0.00007 0.00002 0.00002 0.00002
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 1 8 1 0 0 0 2 0 1 3 0 0 1 4 2 6 1 2 1 2 3 3
Minimum 0.00001 0.00001 0.00001 0.00002 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00002 0.00003 0.00001 0.00001 0.00001
Maximum 0.00006 0.00002 0.00003 0.00010 0.00013 0.00069 0.00015 0.00026 0.00003 0.00006 0.00008 0.00006 0.00008 0.00005 0.00005 0.00005 0.00009 0.00009 0.00027 0.00006 0.00006 0.00005
Median 0.00002 0.00001 0.00001 0.00003 0.00004 0.00004 0.00002 0.00005 0.00001 0.00003 0.00002 0.00001 0.00002 0.00001 0.00002 0.00001 0.00001 0.00005 0.00005 0.00003 0.00001 0.00002
Bold Values = Values greater than or equal to the Fresh Water Aquatic Life Water Quality Criteria listed below
Detection Limits= 0.000005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Maximum 30-day Ave Unit
0.0381648 0.00479872 mg/L

0.03288405 0.00459273 mg/L
0.02079392 0.00412112 mg/L
0.03314082 0.00460274 mg/L

PB: DISSOLVED LEAD (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000016 0.000012 0.000014 0.000006 0.000008 0.000015 0.000011 0.000005 0.000005 0.000006 0.000005 0.000005 0.000006 0.000011
February 0.000005 0.000005 0.000008 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000017 0.00001 0.000005 0.000005
March 0.000005 0.000012 0.00001 0.000005 0.000005 0.000019 0.000005 0.000013 0.000005 0.000009 0.000005 0.000005 0.000017 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000009
April 0.000005 0.000005 0.000 0.00001 0.000 0.000005 0.000005 0.000005 0.000008 0.000009 0.00001 0.000018 0.000007 0.000005
May 0.000018 0.000005 0.000005 0.000009 0.000005 0.000005 0.000005 0.000028 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000007 0.000005 0.000005 0.000005 0.000005 0.000005
June 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000021 0.000 0.000005 0.000005 0.000005 0.000005 0.000005 0.000015 0.000023 0.000005
July 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000 0.000005 0.000005 0.000005 0.000005 0.000014 0.000005 0.000005 0.000005
August 0.000005 0.000007 0.000005 0.000005 0.000005 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000025 0.000025 0.000009 0.000005 0.000005
September 0.000005 0.000005 0.000005 0.000005 0.000005 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000012 0.00002 0.000005 0.000005
October 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
November 0.000005 0.000005 0.000007 0.000011 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000006 0.000005 0.000005
December 0.000005 0.000005 0.000015 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000014 0.000005 0.000005 0.000005

Mean 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Std. dev. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00001 0.00001 0.00001 0.00001 0.00000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 10 9 3 1 4 7 9 3 4 3 11 3 11 12 2 11 3 9 6 6 8 9
Minimum 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Maximum 0.00002 0.00001 0.00001 0.00001 0.00001 0.00002 0.00001 0.00003 0.00001 0.00001 0.00002 0.00001 0.00001 0.00001 0.00002 0.00001 0.00001 0.00003 0.00003 0.00002 0.00002 0.00001
Median 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001

Detection Limits= 0.000005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

WQ-25
WQ-01 and WQ-03
WQ-17 and WQ-18

WQ-14F

Compliance Site Criteria



Kemess Mine Geochemistry

YEAR: 2016

MO: TOTAL MOLYBDENUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.121 0.0603 0.0977 0.00903 0.00639 0.1120 0.0354 0.0399 0.011 0.00696 0.00176 0.00215 0.00888 0.00263
February 0.121 0.0573 0.1080 0.00838 0.00512 0.1070 0.0489 0.0333 0.00794 0.00609 0.00162 0.00221 0.00786 0.00244
March 0.125 0.0611 0.00177 0.0957 0.00864 0.00484 0.00183 0.00437 0.0950 0.00150 0.06650 0.0372 0.00075 0.012 0.00101 0.00604 0.00156 0.00167 0.011600 0.0028
April 0.104 0.0556 0.00327 0.01 0.00738 0.0605 0.032 0.0272 0.0108 0.00594 0.00345 0.00422 0.00672 0.0026
May 0.104 0.0433 0.000674 0.00137 0.00139 0.0848 0.0088 0.00338 0.0016 0.00059 0.0273 0.00112 0.00665 0.00779 0.00054 0.00402 0.000382 0.00826 0.00433 0.00489 0.00206 0.00243
June 0.116 0.0444 0.000426 0.00201 0.0860 0.00508 0.00435 0.0231 0.0107 0.00511 0.00304 0.00630 0.00305 0.00375 0.00301 0.00244
July 0.118 0.0477 0.000844 0.0026 0.0864 0.0055 0.0073 0.0315 0.00782 0.006 0.00376 0.00626 0.00293 0.00532 0.002450 0.00258
August 0.129 0.0573 0.00155 0.0903 0.00692 0.00972 0.00175 0.00229 0.0524 0.00148 0.0184 0.0132 0.00079 0.00699 0.00123 0.00698 0.00306 0.00383 0.005700 0.00267
September 0.12800 0.0582 0.00157 0.0927 0.00559 0.00729 0.0964 0.02510 0.0166 0.00816 0.00597 0.00235 0.00197 0.004810 0.0027
October 0.12200 0.0545 0.0017 0.0029 0.0927 0.007 0.00558 0.00188 0.00152 0.0693 0.00147 0.02140 0.01440 0.00076 0.00567 0.00069 0.00437 0.00212 0.00150 0.002640 0.00267
November 0.12400 0.0646 0.00176 0.00827 0.00689 0.1040 0.04980 0.03280 0.00831 0.00589 0.00202 0.0012 0.005940 0.0032
December 0.11600 0.0597 0.1010 0.00922 0.0048 0.0864 0.05850 0.02990 0.00803 0.00466 0.00152 0.00116 0.008330 0.00269

Mean 0.1190 0.0553 0.0013 0.0016 0.0020 0.0935 0.0077 0.0061 0.0018 0.0022 0.0721 0.0014 0.0318 0.0220 0.0007 0.0075 0.0008 0.0061 0.0025 0.0028 0.0058 0.0027
Std. dev. 0.0081 0.0068 0.0013 0.0002 0.0006 0.0073 0.0016 0.0017 0.0001 0.0016 0.0327 0.0002 0.0203 0.0128 0.0001 0.0029 0.0004 0.0010 0.0009 0.0015 0.0030 0.0002
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.1040 0.0433 0.0004 0.0014 0.0014 0.0848 0.0051 0.0034 0.0016 0.0006 0.0231 0.0011 0.0067 0.0051 0.0005 0.0030 0.0004 0.0044 0.0015 0.0012 0.0021 0.0024
Maximum 0.1290 0.0646 0.0033 0.0018 0.0029 0.1080 0.0100 0.0097 0.0019 0.0044 0.1120 0.0015 0.0665 0.0399 0.0008 0.0120 0.0012 0.0083 0.0043 0.0053 0.0116 0.0032
Median 0.1210 0.0573 0.0008 0.0016 0.0019 0.0927 0.0083 0.0060 0.0018 0.0019 0.0779 0.0015 0.0286 0.0219 0.0008 0.0080 0.0009 0.0061 0.0022 0.0022 0.0058 0.0027
Bold Values = Values greater than or equal to the Fresh Water Aquatic Life Criteria
Maximum T-Mo 2 mg/L
30-Day Average T-Mo 1 mg/L
Detection Limits= 0.00005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F
MO: DISSOLVED MOLYBDENUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.126 0.0630 0.1090 0.00937 0.00662 0.113 0.0381 0.0407 0.0108 0.00724 0.00172 0.00216 0.00909 0.00275
February 0.117 0.0595 0.1070 0.00904 0.00518 0.102 0.0496 0.03520 0.00866 0.0064 0.00166 0.0023 0.00801 0.00243
March 0.121 0.0661 0.00167 0.1060 0.00895 0.00481 0.00174 0.00428 0.0936 0.00192 0.0665 0.0369 0.00081 0.012 0.00105 0.00559 0.00155 0.00169 0.0115 0.00267
April 0.102 0.0565 0.003 0.0105 0.008 0.0571 0.0317 0.0276 0.0105 0.00604 0.00366 0.00442 0.00716 0.00264
May 0.105 0.0429 0.000691 0.00141 0.00138 0.0837 0.00903 0.00327 0.00164 0.00057 0.029 0.00114 0.00676 0.00753 0.00053 0.00406 0.000385 0.00787 0.00422 0.00467 0.002 0.00238
June 0.12 0.0447 0.000417 0.00193 0.0913 0.00577 0.00533 0.02340 0.0106 0.00513 0.0031 0.00605 0.00303 0.00388 0.00317 0.00252
July 0.133 0.0508 0.000752 0.00254 0.0934 0.00578 0.0068 0.03100 0.00855 0.00558 0.00357 0.00600 0.00315 0.00589 0.00278 0.0027
August 0.126 0.0591 0.0015 0.0901 0.00692 0.00959 0.00182 0.0023 0.0505 0.00149 0.0182 0.0135 0.00081 0.00721 0.00101 0.00719 0.00274 0.00392 0.00559 0.00272
September 0.1220 0.0573 0.00152 0.0897 0.00578 0.00754 0.09410 0.02520 0.0165 0.00829 0.00592 0.00238 0.00181 0.00482 0.00266
October 0.1280 0.0556 0.0018 0.00279 0.0944 0.00708 0.00591 0.00196 0.0016 0.07360 0.00153 0.02290 0.01530 0.00077 0.00606 0.000699 0.00442 0.00206 0.0015 0.00277 0.00267
November 0.1270 0.0614 0.00177 0.00866 0.00707 0.08300 0.05080 0.03340 0.0083 0.0054 0.00201 0.00121 0.00598 0.00343
December 0.1180 0.0647 0.1080 0.00909 0.00511 0.08660 0.06100 0.03150 0.0089 0.00492 0.00142 0.00117 0.00938 0.00283

Mean 0.1204 0.0568 0.0013 0.0016 0.0020 0.0973 0.0080 0.0062 0.0018 0.0022 0.0697 0.0015 0.0325 0.0224 0.0007 0.0076 0.0008 0.0061 0.0025 0.0029 0.0060 0.0027
Std. dev. 0.0091 0.0074 0.0013 0.0002 0.0006 0.0093 0.0016 0.0017 0.0001 0.0016 0.0307 0.0003 0.0207 0.0132 0.0001 0.0029 0.0003 0.0010 0.0009 0.0016 0.0031 0.0003
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.1020 0.0429 0.0004 0.0014 0.0014 0.0837 0.0058 0.0033 0.0016 0.0006 0.0234 0.0011 0.0068 0.0051 0.0005 0.0031 0.0004 0.0044 0.0014 0.0012 0.0020 0.0024
Maximum 0.1330 0.0661 0.0032 0.0018 0.0028 0.1090 0.0105 0.0096 0.0020 0.0043 0.1130 0.0019 0.0665 0.0407 0.0008 0.0120 0.0011 0.0079 0.0042 0.0059 0.0115 0.0034
Median 0.1215 0.0582 0.0007 0.0016 0.0019 0.0939 0.0088 0.0063 0.0018 0.0020 0.0783 0.0015 0.0285 0.0221 0.0008 0.0083 0.0009 0.0060 0.0022 0.0022 0.0058 0.0027

Detection Limits= 0.00005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

AG: TOTAL SILVER (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
February 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
March 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
April 0.000005 0.000005 0.000005 0.000006 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
May 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000008 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
June 0.000007 0.000005 0.000005 0.000005 0.000005 0.000014 0.00001 0.000005 0.000005 0.000005 0.000059 0.000045 0.00003 0.000034 0.000023 0.000005
July 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
August 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.00001 0.00001 0.00001 0.000005 0.000005
September 0.000005 0.000005 0.000009 0.000005 0.000011 0.00001 0.000007 0.000005 0.000005 0.000005 0.000005 0.00001 0.000005 0.000005 0.000005
October 0.000005 0.000005 0.000005 0.00001 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.00001 0.00001 0.000005 0.000005 0.000005
November 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
December 0.000005 0.000005 0.000005 0.00001 0.00001 0.000005 0.000005 0.000005 0.000005 0.00001 0.000005 0.000005 0.000005 0.000005

Mean 0.000005 0.000005 0.000005 0.000005 0.000007 0.000005 0.000007 0.000007 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000010 0.000005 0.000010 0.000008 0.000008 0.000007 0.000005
Std. dev. 0.000001 0.000000 0.000000 0.000000 0.000002 0.000000 0.000003 0.000002 0.000000 0.000000 0.000001 0.000000 0.000000 0.000000 0.000000 0.000016 0.000000 0.000011 0.000007 0.000008 0.000005 0.000000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 11 12 3 4 5 9 9 10 4 4 11 4 12 12 4 11 4 11 11 11 11 12
Minimum 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
Maximum 0.000007 0.000005 0.000005 0.000005 0.000010 0.000005 0.000014 0.000010 0.000005 0.000005 0.000007 0.000005 0.000005 0.000005 0.000005 0.000059 0.000005 0.000045 0.000030 0.000034 0.000023 0.000005
Median 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
Bold Values = Values greater than or equal to the 30-day aquatic life freshwater guideline of 0.00005 mg/L (with Reference site hardness less than or equal to 100 mg/L); maximum 0.0001 mg/L
Detection Limits= 0.000005 mg/L

Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

AG: DISSOLVED SILVER (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
February 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
March 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
April 0.000005 0.000005 0.000 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
May 0.000005 0.000005 0.000008 0.000005 0.000005 0.000 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
June 0.000007 0.000007 0.000007 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
July 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
August 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000025 0.000025 0.000005 0.000005 0.000005
September 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
October 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
November 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
December 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005

Mean 0.000005 0.000005 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000007 0.000007 0.000005 0.000005 0.000005
Std. dev. 0.000001 0.000001 0.000002 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000006 0.000006 0.000000 0.000000 0.000000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 11 10 2 4 6 10 11 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
Minimum 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
Maximum 0.000007 0.000007 0.000008 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000025 0.000025 0.000005 0.000005 0.000005
Median 0.000005 0.000005 0.000006 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005

Detection Limits= 0.000005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

SE: TOTAL SELENIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000537 0.000477 0.017 0.0764 0.18 0.00060 0.000362 0.000456 0.000248 0.0649 0.0151 0.0208 0.000372 0.000323
February 0.000525 0.000465 0.0166 0.0718 0.162 0.00045 0.000424 0.000459 0.000183 0.058 0.014 0.0211 0.000393 0.000254
March 0.000503 0.000498 0.00049 0.0174 0.0856 0.193 0.000989 0.000177 0.00050 0.00026 0.000505 0.000453 0.000106 0.000226 0.000049 0.0639 0.0127 0.0132 0.000431 0.000282
April 0.000561 0.000582 0.000262 0.0231 0.0799 0.00046 0.000319 0.000432 0.000219 0.0177 0.0207 0.0246 0.000891 0.00047
May 0.00065 0.000419 0.000171 0.00029 0.00013 0.0162 0.0395 0.0218 0.000265 0.000092 0.00037 0.00017 0.000193 0.000236 0.000081 0.000156 0.000049 0.0387 0.0205 0.0246 0.000431 0.000276
June 0.000485 0.000379 0.000203 7.2E-05 0.0153 0.0253 0.0348 0.00022 0.000237 0.000255 0.000162 0.0235 0.0117 0.0167 0.000207 0.000296
July 0.000526 0.000433 0.000201 5.7E-05 0.0171 0.0324 0.0685 0.00032 0.000243 0.000254 0.000153 0.0167 0.00974 0.024 0.000209 0.000324
August 0.000439 0.000472 0.00029 0.0166 0.0506 0.12 0.000734 0.000106 0.00039 0.00023 0.000279 0.000279 0.000077 0.000182 0.000041 0.0166 0.00569 0.00779 0.000161 0.000452
September 0.000525 0.000505 7.8E-05 0.0177 0.0422 0.136 0.00045 0.000309 0.000356 0.000189 0.0266 0.00737 0.00651 0.000158 0.000259
October 0.000486 0.000483 0.00042 5.7E-05 0.0176 0.0566 0.147 0.000656 0.000087 0.00043 0.00026 0.000318 0.000338 0.000103 0.000205 0.000049 0.0309 0.0118 0.0071 0.000221 0.000432
November 0.000543 0.000532 5.3E-05 0.0696 0.147 0.00051 0.00044 0.000508 0.000222 0.053 0.0173 0.00274 0.000407 0.0022
December 0.000517 0.00048 0.0185 0.0848 0.0585 0.00052 0.00042 0.000453 0.0002 0.056 0.00956 0.00046 0.000317 0.000272

Mean 0.00052 0.00048 0.00021 0.00037 0.00007 0.01700 0.05483 0.11238 0.00066 0.00012 0.00043 0.00023 0.00034 0.00037 0.00009 0.00020 0.00005 0.03888 0.01301 0.01413 0.00035 0.00049
Std. dev. 0.00005 0.00005 0.00004 0.00010 0.00003 0.00089 0.02259 0.05773 0.00030 0.00004 0.00010 0.00004 0.00009 0.00010 0.00001 0.00003 0.00000 0.01919 0.00477 0.00895 0.00020 0.00055
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.00044 0.00038 0.00017 0.00029 0.00005 0.01530 0.02310 0.02180 0.00027 0.00009 0.00022 0.00017 0.00019 0.00024 0.00008 0.00015 0.00004 0.01660 0.00569 0.00046 0.00016 0.00025
Maximum 0.00065 0.00058 0.00026 0.00049 0.00013 0.01850 0.08560 0.19300 0.00099 0.00018 0.00060 0.00026 0.00051 0.00051 0.00011 0.00025 0.00005 0.06490 0.02070 0.02460 0.00089 0.00220
Median 0.00053 0.00048 0.00020 0.00036 0.00006 0.01705 0.05360 0.12800 0.00070 0.00010 0.00045 0.00024 0.00032 0.00039 0.00009 0.00019 0.00005 0.03480 0.01225 0.01495 0.00034 0.00031
Bold Values = Values greater than or equal to the aquatic life freshwater guideline of 0.002 mg/L

Detection Limits=
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

SE: DISSOLVED SELENIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000494 0.00049 0.0157 0.0732 0.163 0.000443 0.000307 0.000446 0.00021 0.0627 0.0141 0.021 0.00033 0.000257
February 0.000473 0.00046 0.0174 0.0725 0.163 0.000464 0.00036 0.00055 0.000181 0.0581 0.0144 0.0214 0.000384 0.000236
March 0.000511 0.000494 0.00045 0.0161 0.0878 0.181 0.000926 0.000155 0.000485 0.00025 0.000393 0.000444 0.000112 0.000212 0.00005 0.061 0.0118 0.0135 0.000419 0.000251
April 0.00056 0.00057 0.000 0.0244 0.086 0.000483 0.000281 0.000465 0.000203 0.0197 0.0234 0.0282 0.000949 0.000495
May 0.000665 0.000412 0.000159 0.00027 0.0001 0.016 0.0396 0.0212 0.000241 0.000067 0.000344 0.000122 0.000171 0.000213 0.000074 0.000123 0.00005 0.0381 0.0203 0.0231 0.000364 0.000245
June 0.000486 0.000379 0.000221 7.2E-05 0.0161 0.0315 0.0444 0.000 0.000261 0.000255 0.000162 0.0238 0.0118 0.0178 0.000207 0.000312
July 0.000479 0.000425 0.000191 6.5E-05 0.0164 0.03 0.0606 0.000 0.000202 0.000209 0.000143 0.0156 0.00896 0.0231 0.000209 0.000315
August 0.000433 0.00045 0.00026 0.0161 0.0469 0.111 0.000708 0.000097 0.000358 0.000217 0.000254 0.000292 0.00007 0.000163 0.00004 0.0164 0.00532 0.0076 0.00015 0.000386
September 0.00047 0.000449 8.3E-05 0.0162 0.0393 0.1440 0.00038 0.000319 0.000324 0.000196 0.0252 0.0065 0.00555 0.000155 0.000245
October 0.000482 0.000444 0.0004 5.4E-05 0.0165 0.0531 0.1440 0.000664 0.000092 0.000389 0.00025 0.000283 0.000306 0.000093 0.000191 0.000044 0.0264 0.0105 0.00668 0.000205 0.000284
November 0.000476 0.000487 6.1E-05 0.0814 0.1430 0.000356 0.000387 0.000487 0.000205 0.0515 0.0157 0.00241 0.000357 0.0025
December 0.000571 0.000456 0.0177 0.0785 0.0584 0.000484 0.000394 0.000452 0.000207 0.056 0.0109 0.00058 0.000326 0.000305

Mean 0.00051 0.00046 0.00021 0.00035 0.00007 0.01640 0.05485 0.11000 0.00063 0.00010 0.00039 0.00021 0.00030 0.00037 0.00009 0.00018 0.00005 0.03788 0.01281 0.01424 0.00034 0.000
Std. dev. 0.00006 0.00005 0.00004 0.00009 0.00002 0.00065 0.02262 0.05386 0.00029 0.00004 0.00009 0.00006 0.00007 0.00012 0.00002 0.00003 0.00000 0.01871 0.00524 0.00937 0.00021 0.001
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Minimum 0.00043 0.00038 0.00016 0.00026 0.00005 0.01570 0.02440 0.02120 0.00024 0.00007 0.00022 0.00012 0.00017 0.00021 0.00007 0.00012 0.00004 0.01560 0.00532 0.00058 0.00015 0.00024
Maximum 0.00067 0.00057 0.00026 0.00045 0.00011 0.01770 0.08780 0.18100 0.00093 0.00016 0.00049 0.00025 0.00039 0.00055 0.00011 0.00021 0.00005 0.06270 0.02340 0.02820 0.00095 0.00250
Median 0.00048 0.00045 0.00021 0.00034 0.00007 0.01615 0.05000 0.12700 0.00069 0.00009 0.00038 0.00023 0.00030 0.00038 0.00008 0.00019 0.00005 0.03225 0.01180 0.01565 0.00033 0.00029

Detection Limits= 0.00004 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

U: URANIUM TOTAL (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00186 0.00126 0.0021 0.00085 0.000236 0.00161 0.00071 0.0007 0.000256 0.000782 0.000135 0.000183 0.000231 0.000039
February 0.00179 0.00129 0.00238 0.00084 0.000208 0.00160 0.00092 0.00072 0.000186 0.000679 0.000127 0.00018 0.000175 0.000043
March 0.00172 0.00135 0.000059 0.00219 0.00081 0.000215 0.000029 0.000219 0.00160 0.00019 0.00113 0.00079 0.000035 0.000268 0.000044 0.00067 0.000112 0.000125 0.000255 0.000057
April 0.00162 0.00129 0.00176 0.00073 0.000168 0.00119 0.0006 0.00054 0.000236 0.000399 0.000229 0.000253 0.000166 0.00006
May 0.00189 0.00096 0.00206 0.000077 0.000058 0.00193 0.00072 0.000093 0.000017 0.000038 0.00054 0.00012 0.00019 0.00017 0.000037 0.000097 0.000018 0.000593 0.000177 0.000195 0.000073 0.000048
June 0.00153 0.0009 0.00238 0.000068 0.0019 0.00046 0.000065 0.00039 0.00019 0.00012 0.00008 0.000438 0.000134 0.000166 0.000071 0.000031
July 0.00149 0.00104 0.00243 0.000068 0.00199 0.00055 0.000105 0.00054 0.0002 0.00015 0.000095 0.000399 0.000122 0.000278 0.000067 0.000037
August 0.0015 0.00114 0.000053 0.00196 0.0007 0.000149 0.00002 0.000116 0.00086 0.00012 0.00035 0.00026 0.000025 0.000134 0.00003 0.000508 0.000135 0.000189 0.000103 0.000051
September 0.00156 0.00114 0.000115 0.00195 0.00072 0.000154 0.00120 0.00043 0.00029 0.000137 0.00058 0.000122 0.000106 0.000082 0.000043
October 0.00152 0.00109 0.000024 0.000086 0.00204 0.0009 0.000155 0.000024 0.000076 0.00090 0.00015 0.00038 0.00029 0.000027 0.000136 0.000019 0.000516 0.000147 0.000093 0.000068 0.00007
November 0.00176 0.00126 0.000097 0.00093 0.000167 0.00131 0.00071 0.00056 0.000163 0.000718 0.000155 0.000054 0.00013 0.00026
December 0.00193 0.00121 0.0023 0.00112 0.000736 0.00149 0.00086 0.00063 0.000181 0.00073 0.000105 0.000038 0.000174 0.000043

Mean 0.00168 0.00116 0.00216 0.00005 0.00008 0.00207 0.00078 0.00020 0.00002 0.00011 0.00110 0.00014 0.00056 0.00043 0.00003 0.00016 0.00003 0.00058 0.00014 0.00016 0.00013 0.00007
Std. dev. 0.00016 0.00014 0.00031 0.00002 0.00002 0.00017 0.00017 0.00017 0.00001 0.00008 0.00045 0.00003 0.00031 0.00025 0.00001 0.00006 0.00001 0.00013 0.00003 0.00007 0.00007 0.00006
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.00149 0.00090 0.00176 0.00002 0.00006 0.00190 0.00046 0.00007 0.00002 0.00004 0.00039 0.00012 0.00019 0.00012 0.00003 0.00008 0.00002 0.00040 0.00011 0.00004 0.00007 0.00003
Maximum 0.00193 0.00135 0.00243 0.00008 0.00012 0.00238 0.00112 0.00074 0.00003 0.00022 0.00161 0.00019 0.00113 0.00079 0.00004 0.00027 0.00004 0.00078 0.00023 0.00028 0.00026 0.00026
Median 0.00167 0.00118 0.00222 0.00006 0.00008 0.00202 0.00077 0.00016 0.00002 0.00010 0.00120 0.00014 0.00051 0.00041 0.00003 0.00015 0.00002 0.00059 0.00013 0.00017 0.00012 0.00005
Bold Values = Values greater than or equal to the aquatic life freshwater guideline of 0.3 mg/L (max)
Greater than 0.3 mg/L for sites subject to aquatic life criteria.
Detection Limits= 2E-06 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

U: URANIUM DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00194 0.0013 0.00236 0.0009 0.000239 0.00169 0.00078 0.00076 0.000236 0.000805 0.000126 0.000172 0.000193 0.000042
February 0.00181 0.0013 0.00238 0.0009 0.000212 0.00157 0.00093 0.00079 0.000184 0.000712 0.000117 0.000185 0.000178 0.00004
March 0.00167 0.00144 0.000054 0.00236 0.00086 0.000219 0.000029 0.000208 0.00168 0.000181 0.00112 0.00081 0.000036 0.00027 0.000035 0.000639 0.000111 0.000131 0.000255 0.000047
April 0.00163 0.0013 0.002 0.00074 0.000 0.00125 0.00062 0.00057 0.000241 0.000379 0.000207 0.000245 0.000152 0.000055
May 0.00201 0.001 0.00225 0.000048 0.00005 0.002 0.00079 0.000053 0.000011 0.000029 0.00053 0.000068 0.00015 0.00015 0.000029 0.000072 0.000015 0.000601 0.000178 0.000192 0.000051 0.000036
June 0.00153 0.0009 0.00244 0.000063 0.00193 0.00049 0.000073 0.000 0.00016 0.0001 0.000052 0.000378 0.000122 0.000168 0.00004 0.00002
July 0.00155 0.00104 0.0024 0.000069 0.00193 0.00056 0.000095 0.000 0.00017 0.00013 0.000072 0.000368 0.000119 0.000272 0.00005 0.000026
August 0.00145 0.0012 0.000029 0.00204 0.00069 0.000154 0.000008 0.000113 0.00083 0.000105 0.00035 0.00025 0.000018 0.000128 0.000023 0.0005 0.000124 0.000201 0.000091 0.00003
September 0.0015 0.00106 0.000119 0.00186 0.00072 0.000 0.00125 0.00042 0.00027 0.000114 0.000553 0.000106 0.000063 0.000052 0.000031
October 0.00155 0.00116 0.00001 0.000094 0.00225 0.00096 0.000164 0.000014 0.000082 0.000978 0.000127 0.00039 0.00031 0.00002 0.000126 0.000017 0.000577 0.000156 0.000091 0.000062 0.000041
November 0.00182 0.0012 0.000099 0.001 0.000177 0.00101 0.00074 0.0006 0.000156 0.000716 0.000155 0.00005 0.000116 0.000264
December 0.00195 0.00128 0.00241 0.00104 0.000765 0.00144 0.00087 0.00066 0.000179 0.000779 0.000083 0.00003 0.000191 0.000042

Mean 0.00170 0.00118 0.00223 0.00004 0.00008 0.00215 0.00081 0.00021 0.00002 0.00011 0.00109 0.00012 0.00056 0.00045 0.00003 0.00015 0.00002 0.00058 0.00013 0.00015 0.00012 0.00006
Std. dev. 0.00020 0.00016 0.00029 0.00002 0.00003 0.00023 0.00017 0.00018 0.00001 0.00008 0.00047 0.00005 0.00033 0.00028 0.00001 0.00007 0.00001 0.00015 0.00003 0.00008 0.00007 0.00007
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.00145 0.00090 0.00181 0.00001 0.00005 0.00186 0.00049 0.00005 0.00001 0.00003 0.00036 0.00007 0.00015 0.00010 0.00002 0.00005 0.00002 0.00037 0.00008 0.00003 0.00004 0.00002
Maximum 0.00201 0.00144 0.00244 0.00005 0.00012 0.00241 0.00104 0.00077 0.00003 0.00021 0.00169 0.00018 0.00112 0.00081 0.00004 0.00027 0.00004 0.00081 0.00021 0.00027 0.00026 0.00026
Median 0.00165 0.00118 0.00233 0.00004 0.00008 0.00215 0.00083 0.00017 0.00001 0.00010 0.00113 0.00012 0.00052 0.00044 0.00002 0.00014 0.00002 0.00059 0.00012 0.00017 0.00010 0.00004

Detection Limits= 2E-06 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

V: TOTAL VANADIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00067 0.00049 0.00418 0.00077 0.00028 0.0007 0.00042 0.00040 0.00033 0.00045 0.00044 0.00031 0.00037 0.0002
February 0.00076 0.00048 0.00462 0.00072 0.0002 0.0008 0.00058 0.00045 0.00032 0.00039 0.00038 0.00034 0.00036 0.00027
March 0.0007 0.00048 0.00028 0.00398 0.00062 0.0002 0.00031 0.00085 0.0006 0.0004 0.00044 0.00038 0.00043 0.00027 0.00044 0.00028 0.00033 0.00024 0.0002 0.00024
April 0.00089 0.00034 0.00318 0.00188 0.00053 0.0005 0.00055 0.00042 0.0005 0.00077 0.00084 0.0005 0.00052 0.0002
May 0.00044 0.00028 0.0019 0.00028 0.0005 0.00373 0.00102 0.0005 0.00045 0.0005 0.0004 0.0005 0.0005 0.0005 0.0005 0.0005 0.0002 0.0005 0.0005 0.0005 0.0005 0.0005
June 0.00098 0.00054 0.00237 0.0005 0.00367 0.00095 0.00061 0.0008 0.00114 0.00086 0.00067 0.00054 0.00091 0.00072 0.00077 0.00076
July 0.00099 0.00043 0.00227 0.00038 0.00362 0.00103 0.00032 0.0004 0.0004 0.00048 0.00034 0.00058 0.00065 0.00022 0.00033 0.0002
August 0.00067 0.00046 0.00032 0.00369 0.00078 0.00021 0.00063 0.00072 0.0005 0.0004 0.00041 0.00039 0.0003 0.00035 0.0002 0.00045 0.00081 0.00035 0.00031 0.0002
September 0.00061 0.00042 0.0002 0.00391 0.00058 0.00028 0.0007 0.00042 0.00036 0.0003 0.00052 0.00054 0.00029 0.00028 0.0002
October 0.00074 0.00037 0.0003 0.0005 0.00369 0.00061 0.00022 0.00035 0.0005 0.0006 0.0003 0.00031 0.00031 0.0002 0.00024 0.0002 0.00042 0.00039 0.0002 0.00023 0.0002
November 0.00059 0.00045 0.00044 0.00072 0.0002 0.0007 0.00057 0.00034 0.00027 0.00073 0.00037 0.00021 0.00025 0.00028
December 0.00051 0.00043 0.00387 0.001 0.00039 0.0006 0.00033 0.00031 0.00025 0.00043 0.00022 0.00024 0.00022 0.0002

Mean 0.0007 0.0004 0.0024 0.0003 0.0004 0.0039 0.0009 0.0003 0.0004 0.0006 0.0006 0.0004 0.0005 0.0004 0.0004 0.0004 0.0003 0.0005 0.0005 0.0003 0.0004 0.0003
Std. dev. 0.0002 0.0001 0.0005 0.0000 0.0001 0.0003 0.0004 0.0001 0.0001 0.0002 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002 0.0002 0.0002 0.0002
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 2 0 0 4 0 1 0 1 1 1 2 2 3 1 1 3 2 8
Minimum 0.0004 0.0003 0.0019 0.0003 0.0002 0.0036 0.0006 0.0002 0.0003 0.0005 0.0004 0.0003 0.0003 0.0003 0.0002 0.0002 0.0002 0.0003 0.0002 0.0002 0.0002 0.0002
Maximum 0.0010 0.0005 0.0032 0.0003 0.0005 0.0046 0.0019 0.0006 0.0006 0.0009 0.0008 0.0005 0.0011 0.0009 0.0005 0.0007 0.0004 0.0008 0.0009 0.0007 0.0008 0.0008
Median 0.0007 0.0004 0.0023 0.0003 0.0005 0.0038 0.0008 0.0003 0.0004 0.0006 0.0006 0.0004 0.0004 0.0004 0.0004 0.0003 0.0002 0.0005 0.0005 0.0003 0.0003 0.0002
Bold Values = Values greater than or equal to the aquatic life freshwater guideline of 0.006 mg/L

Detection Limits= 0.0002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

V: VANADIUM DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0006 0.0004 0.00416 0.00067 0.0002 0.00063 0.00032 0.00031 0.00024 0.0002 0.0002 0.0002 0.00023 0.0002
February 0.00074 0.0005 0.00456 0.00069 0.0002 0.00065 0.00044 0.00033 0.0002 0.0002 0.00024 0.0002 0.00022 0.00025
March 0.00061 0.00038 0.0002 0.00387 0.00051 0.0002 0.00032 0.00074 0.00046 0.0003 0.00038 0.00036 0.00025 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
April 0.0007 0.0004 0.003 0.00135 0.000 0.00048 0.00049 0.00036 0.0003 0.00026 0.0002 0.0002 0.0002 0.0002
May 0.00069 0.00048 0.00203 0.00044 0.0004 0.004 0.00115 0.00036 0.00063 0.00067 0.00054 0.00066 0.00058 0.00057 0.00053 0.00055 0.00039 0.00046 0.00039 0.00025 0.00046 0.0003
June 0.00087 0.00059 0.00235 0.00046 0.00353 0.00104 0.00068 0.001 0.00116 0.00082 0.00094 0.00069 0.00047 0.00052 0.00082 0.00083
July 0.00081 0.00051 0.00239 0.00033 0.00364 0.00081 0.0002 0.000 0.00037 0.00033 0.0003 0.00031 0.00027 0.00027 0.00026 0.0002
August 0.00074 0.0004 0.00029 0.00379 0.00074 0.0002 0.00051 0.00069 0.00045 0.00035 0.00038 0.00042 0.00024 0.00032 0.0002 0.001 0.001 0.00022 0.0003 0.0002
September 0.00065 0.00035 0.0002 0.00356 0.00052 0.0002 0.00058 0.00036 0.00036 0.00025 0.00022 0.0002 0.0002 0.00022 0.0002
October 0.00073 0.00043 0.0003 0.00024 0.00367 0.0006 0.0002 0.00038 0.00056 0.00057 0.00027 0.00035 0.00032 0.0002 0.00025 0.0002 0.0002 0.0002 0.0002 0.00021 0.0002
November 0.00056 0.00042 0.0002 0.00052 0.0002 0.00047 0.00037 0.00033 0.0002 0.0002 0.0002 0.0002 0.0002 0.00021
December 0.00049 0.00037 0.00382 0.0006 0.0002 0.00045 0.00032 0.00028 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

Mean 0.0007 0.0004 0.0025 0.0003 0.0003 0.0038 0.0008 0.0003 0.0005 0.0007 0.0005 0.0004 0.0005 0.0004 0.0003 0.0003 0.0002 0.0003 0.0003 0.0002 0.0003 0.0003
Std. dev. 0.0001 0.0001 0.0004 0.0001 0.0001 0.0003 0.0003 0.0001 0.0001 0.0001 0.0001 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001 0.0003 0.0002 0.0001 0.0002 0.0002
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 1 2 0 0 10 0 0 0 0 0 0 1 3 3 5 8 8 4 8
Minimum 0.0005 0.0004 0.0020 0.0002 0.0002 0.0035 0.0005 0.0002 0.0003 0.0006 0.0004 0.0003 0.0003 0.0003 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Maximum 0.0009 0.0006 0.0030 0.0004 0.0005 0.0046 0.0014 0.0007 0.0006 0.0007 0.0008 0.0007 0.0012 0.0008 0.0005 0.0009 0.0004 0.0010 0.0010 0.0005 0.0008 0.0008
Median 0.0007 0.0004 0.0024 0.0003 0.0003 0.0037 0.0007 0.0002 0.0004 0.0007 0.0005 0.0003 0.0004 0.0003 0.0002 0.0003 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

Detection Limits= 0.0002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

ZN: TOTAL ZINC (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00131 0.00043 0.00433 0.00042 0.00493 0.0006 0.0008 0.00079 0.00072 0.00233 0.00086 0.00032 0.00179 0.00223
February 0.00583 0.00398 0.00481 0.00076 0.00047 0.0005 0.0164 0.0046 0.0004 0.0112 0.00159 0.00239 0.00437 0.00247
March 0.00164 0.0143 0.0148 0.00266 0.00032 0.00183 0.00024 0.00197 0.0023 0.0016 0.024 0.00397 0.0013 0.00155 0.0016 0.00055 0.00213 0.00083 0.0005 0.0146
April 0.00126 0.00144 0.00044 0.0044 0.0019 0.0018 0.0026 0.00043 0.0026 0.0025 0.002 0.011 0.0047 0.00165
May 0.00044 0.00052 0.00094 0.00635 0.0061 0.00308 0.001 0.0016 0.00139 0.001 0.0015 0.0010 0.0011 0.001 0.0011 0.0013 0.00024 0.001 0.001 0.001 0.001 0.001
June 0.00061 0.00147 0.00121 0.00084 0.00202 0.001 0.0011 0.0011 0.00045 0.00042 0.001 0.001 0.0011 0.0016 0.001 0.00061
July 0.00079 0.00034 0.00046 0.0007 0.00153 0.00068 0.00094 0.0016 0.00058 0.00061 0.00031 0.00082 0.00098 0.00045 0.00035 0.00091
August 0.00019 0.00053 0.00443 0.00145 0.00054 0.0006 0.00089 0.00029 0.0008 0.0004 0.00045 0.00031 0.00047 0.00079 0.00035 0.001 0.001 0.001 0.00031 0.00264
September 0.00054 0.00057 0.00123 0.00178 0.0008 0.0011 0.0015 0.0003 0.00034 0.00058 0.00078 0.0012 0.0007 0.00035 0.00102
October 0.00262 0.0004 0.00318 0.0012 0.00161 0.00027 0.00142 0.00066 0.00045 0.0010 0.0012 0.00036 0.00102 0.00025 0.00033 0.0002 0.0012 0.0017 0.00193 0.00038 0.00607
November 0.00093 0.0006 0.00246 0.00074 0.00121 0.0005 0.00093 0.00032 0.00093 0.00113 0.00061 0.00183 0.00069 0.044
December 0.00019 0.00032 0.00289 0.0015 0.0025 0.0014 0.00065 0.00044 0.00086 0.0011 0.00192 0.00043 0.00035 0.00078

Mean 0.0014 0.0021 0.0008 0.0072 0.0021 0.0026 0.0010 0.0016 0.0008 0.0009 0.0012 0.0010 0.0041 0.0012 0.0008 0.0009 0.0006 0.0021 0.0013 0.0020 0.0013 0.0065
Std. dev. 0.0016 0.0040 0.0004 0.0052 0.0021 0.0012 0.0011 0.0012 0.0005 0.0008 0.0006 0.0005 0.0077 0.0015 0.0005 0.0006 0.0007 0.0029 0.0005 0.0029 0.0016 0.0124
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 2 0 0 1 0 1 0 1 0 1 0 3 2 2 2 1
Minimum 0.0002 0.0003 0.0004 0.0032 0.0007 0.0015 0.0003 0.0005 0.0002 0.0003 0.0005 0.0004 0.0003 0.0003 0.0003 0.0003 0.0002 0.0006 0.0006 0.0003 0.0003 0.0006
Maximum 0.0058 0.0143 0.0012 0.0148 0.0061 0.0048 0.0044 0.0049 0.0014 0.0020 0.0023 0.0016 0.0240 0.0046 0.0013 0.0026 0.0016 0.0112 0.0021 0.0110 0.0047 0.0440
Median 0.0009 0.0006 0.0007 0.0054 0.0012 0.0023 0.0008 0.0013 0.0008 0.0007 0.0012 0.0011 0.0007 0.0005 0.0008 0.0008 0.0003 0.0011 0.0012 0.0010 0.0006 0.0019
Bold Value = Values greater than or equal to the aquatic life freshwater guideline of 0.0075 mg/l (with Reference site hardness levels less than or equal to 90 mg/L)
Detection Limits= 0.0001 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Hardness 
site

WQ-SDDI
WQ-04
WQ-13

WQ-RCb

ZN: DISSOLVED ZINC (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00028 0.00041 0.00343 0.00022 0.00058 0.00058 0.00021 0.00022 0.00011 0.0002 0.00019 0.0002 0.00013 0.00087
February 0.00027 0.00026 0.00356 0.00025 0.00038 0.00026 0.00029 0.00021 0.00021 0.00035 0.00087 0.00021 0.00013 0.00077
March 0.00044 0.00408 0.0108 0.00406 0.0003 0.0025 0.00051 0.00598 0.00103 0.00891 0.0038 0.00142 0.00374 0.00034 0.00113 0.00014 0.00032 0.00054 0.00121 0.00421
April 0.00033 0.0004 0.000 0.00045 0.000 0.0009 0.00045 0.00027 0.00095 0.00024 0.00026 0.00095 0.00034 0.00105
May 0.00069 0.00044 0.00069 0.00577 0.00067 0.0018 0.00015 0.00037 0.0001 0.0001 0.0012 0.00052 0.00032 0.00063 0.00018 0.00019 0.00029 0.00015 0.00025 0.00028 0.00019 0.00031
June 0.00049 0.00036 0.0002 0.00038 0.00121 0.00054 0.00031 0.0010 0.00034 0.0002 0.00021 0.00011 0.0002 0.00052 0.00056 0.00053
July 0.00034 0.00034 0.00056 0.00021 0.00078 0.00014 0.00029 0.0006 0.00032 0.00056 0.00029 0.00016 0.00021 0.0002 0.0001 0.00044
August 0.00061 0.00046 0.00331 0.00105 0.00023 0.00041 0.00039 0.00023 0.00061 0.00063 0.00035 0.00028 0.0003 0.00041 0.00035 0.0005 0.0005 0.00059 0.00025 0.00143
September 0.00031 0.00039 0.00042 0.00091 0.00014 0.0003 0.00026 0.00019 0.00029 0.00019 0.0001 0.00034 0.00127 0.00014 0.00048
October 0.0028 0.00043 0.00249 0.00032 0.0012 0.00011 0.00077 0.0004 0.00017 0.00061 0.00064 0.00029 0.0002 0.00091 0.00018 0.00016 0.00013 0.0009 0.00189 0.00022 0.00202
November 0.00094 0.00046 0.00138 0.00078 0.00129 0.00031 0.00028 0.00028 0.00045 0.00036 0.00034 0.00121 0.00023 0.0446
December 0.00657 0.00039 0.00292 0.00058 0.00048 0.0003 0.0006 0.00052 0.00036 0.00063 0.00095 0.00039 0.00113 0.00091

Mean 0.0012 0.0007 0.0004 0.0056 0.0006 0.0021 0.0003 0.0007 0.0004 0.0016 0.0006 0.0027 0.0006 0.0004 0.0013 0.0003 0.0005 0.0003 0.0004 0.0007 0.0004 0.0048
Std. dev. 0.0018 0.0011 0.0003 0.0037 0.0004 0.0013 0.0002 0.0006 0.0002 0.0029 0.0003 0.0042 0.0010 0.0003 0.0017 0.0002 0.0004 0.0002 0.0003 0.0005 0.0004 0.0126
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 1 0 1 0
Minimum 0.0003 0.0003 0.0002 0.0025 0.0002 0.0008 0.0001 0.0003 0.0001 0.0001 0.0003 0.0005 0.0002 0.0002 0.0002 0.0001 0.0002 0.0001 0.0002 0.0002 0.0001 0.0003
Maximum 0.0066 0.0041 0.0007 0.0108 0.0014 0.0041 0.0008 0.0025 0.0005 0.0060 0.0012 0.0089 0.0038 0.0014 0.0037 0.0010 0.0011 0.0006 0.0010 0.0019 0.0012 0.0446
Median 0.0005 0.0004 0.0004 0.0045 0.0004 0.0015 0.0002 0.0004 0.0004 0.0002 0.0006 0.0006 0.0003 0.0003 0.0006 0.0003 0.0003 0.0002 0.0003 0.0005 0.0002 0.0009

Detection Limits= 0.0001 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

M  

WQ-17 and WQ-18 0.0075
WQ-14F 0.0075

Compliance Site Maximum T-Zn (mg/L)
WQ-25 0.0075

WQ-01 and WQ-03 0.0075



Kemess Mine Geochemistry

YEAR: 2016

Co: COBALT TOTAL (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000028 0.000017 0.000065 0.000114 0.00025 0.000 0.00001 0.00003 0.00002 0.000127 0.000088 0.000196 0.000036 0.000026
February 0.000031 0.000016 0.00006 0.000103 0.000202 0.000 0.00004 0.00001 0.000019 0.000105 0.000069 0.000174 0.000027 0.000026
March 0.000023 0.000023 0.000068 0.00005 0.000094 0.000203 0.000015 0.000027 0.000 0.00001 0.000019 0.000009 0.000048 0.000016 0.000092 0.00008 0.000079 0.00013 0.000022 0.00003
April 0.000063 0.000018 0.000048 0.000173 0.000255 0.000 0.000043 0.000035 0.000067 0.000122 0.000194 0.000124 0.000096 0.000023
May 0.000034 0.000019 0.000023 0.000037 0.000056 0.000116 0.00005 0.000224 0.00002 0.000038 0.000 0.00005 0.000079 0.000044 0.000066 0.000071 0.000031 0.000078 0.000083 0.000062 0.000075 0.000053
June 0.00003 0.00002 0.000019 0.000041 0.000086 0.000041 0.000158 0.000 0.000022 0.000024 0.000027 0.000047 0.000127 0.000099 0.000041 0.00002
July 0.000093 0.000029 0.000018 0.000047 0.000051 0.000103 0.000124 0.000 0.000028 0.000035 0.000023 0.000097 0.000148 0.000063 0.000035 0.000023
August 0.00001 0.000016 0.000023 0.000042 0.00007 0.000139 0.000041 0.000009 0.000 0.00001 0.000012 0.00001 0.000021 0.000018 0.000018 0.000079 0.000479 0.000174 0.00002 0.000036
September 0.000022 0.000014 0.000052 0.000049 0.000078 0.000185 0.000 0.000012 0.000013 0.000017 0.000116 0.000115 0.000138 0.000024 0.000024
October 0.000027 0.000021 0.000025 0.000083 0.000044 0.000073 0.000187 0.000015 0.000012 0.000 0.00002 0.000015 0.000019 0.000026 0.000018 0.000018 0.000084 0.00009 0.000079 0.000025 0.000071
November 0.000031 0.000019 0.00012 0.000103 0.000149 0.000 0.000067 0.000015 0.000028 0.000192 0.000103 0.000103 0.000036 0.000017
December 0.000027 0.000006 0.000044 0.000191 0.000109 0.000 0.000011 0.000014 0.00004 0.000121 0.000097 0.000064 0.000034 0.000028

Mean 0.00003 0.00002 0.00003 0.00004 0.00007 0.00006 0.00010 0.00018 0.00002 0.00002 0.00003 0.00002 0.00003 0.00002 0.00004 0.00003 0.00004 0.00010 0.00014 0.00012 0.00004 0.00003
Std. dev. 0.00002 0.00001 0.00001 0.00002 0.00003 0.00002 0.00004 0.00005 0.00001 0.00001 0.00001 0.00002 0.00002 0.00001 0.00002 0.00002 0.00004 0.00004 0.00011 0.00005 0.00002 0.00002
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.00001 0.00001 0.00002 0.00002 0.00004 0.00004 0.00004 0.00011 0.00002 0.00001 0.00002 0.00001 0.00001 0.00001 0.00002 0.00002 0.00002 0.00005 0.00007 0.00006 0.00002 0.00002
Maximum 0.00009 0.00003 0.00005 0.00007 0.00012 0.00012 0.00019 0.00026 0.00004 0.00004 0.00005 0.00005 0.00008 0.00004 0.00007 0.00007 0.00009 0.00019 0.00048 0.00020 0.00010 0.00007
Median 0.00003 0.00002 0.00002 0.00003 0.00005 0.00005 0.00010 0.00019 0.00002 0.00002 0.00003 0.00001 0.00002 0.00002 0.00004 0.00002 0.00002 0.00010 0.00010 0.00011 0.00003 0.00003
Bold Value= Values greater than or equal to the aquatic life freshwater guidelines of 0.004 mg/L (30-day) 0.11 mg/L (max)

Detection Limits= 0.000005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Co: COBALT DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000019 0.00001 0.000046 0.000084 0.000164 0.000015 0.000005 0.000005 0.000018 0.000057 0.000057 0.000106 0.000014 0.000009
February 0.00002 0.00002 0.000051 0.000086 0.000208 0.000013 0.000008 0.000007 0.000016 0.000067 0.000057 0.000096 0.000015 0.000011
March 0.000015 0.000023 0.000032 0.000035 0.000083 0.000194 0.000009 0.000008 0.000014 0.000017 0.000012 0.000013 0.000019 0.000012 0.000009 0.000066 0.000047 0.00011 0.000013 0.000016
April 0.00002 0.000018 0.000 0.000047 0.000 0.000017 0.000013 0.000016 0.000024 0.000042 0.000062 0.00007 0.000026 0.000011
May 0.000029 0.000018 0.000018 0.000021 0.00002 0.00004 0.000039 0.000078 0.000014 0.000012 0.000016 0.000008 0.00001 0.000011 0.00002 0.000014 0.000029 0.000034 0.000045 0.000045 0.000018 0.000007
June 0.000017 0.000017 0.000015 0.000014 0.000016 0.000039 0.000071 0.00001 0.000006 0.000007 0.000008 0.000033 0.000046 0.000048 0.00001 0.000006
July 0.000007 0.000013 0.000013 0.000012 0.000017 0.000036 0.000077 0.00001 0.000005 0.000006 0.000008 0.000038 0.000062 0.000042 0.000013 0.000005
August 0.000018 0.00002 0.000005 0.000007 0.000058 0.000108 0.000009 0.000008 0.000011 0.00001 0.000008 0.000007 0.000008 0.000009 0.000013 0.000046 0.000071 0.00012 0.000009 0.000017
September 0.000015 0.000015 0.000013 0.000005 0.000053 0.00012 0.000007 0.000007 0.000008 0.000007 0.000045 0.000026 0.000018 0.000008 0.000009
October 0.000017 0.000019 0.00001 0.000029 0.000011 0.000062 0.00015 0.000012 0.000011 0.00001 0.000008 0.000007 0.000008 0.000013 0.000013 0.000016 0.000042 0.000052 0.000061 0.000014 0.000008
November 0.000028 0.000016 0.000048 0.000062 0.000128 0.000009 0.000007 0.000008 0.000023 0.000049 0.000068 0.000092 0.00002 0.000008
December 0.000032 0.000012 0.00002 0.000086 0.000051 0.000007 0.000006 0.000008 0.000013 0.00005 0.00002 0.000009 0.000014 0.000008

Mean 0.00002 0.00002 0.00001 0.00002 0.00002 0.00002 0.00006 0.00012 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00002 0.00001 0.00002 0.00005 0.00005 0.00007 0.00001 0.00001
Std. dev. 0.00001 0.00000 0.00000 0.00001 0.00001 0.00002 0.00002 0.00005 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00001 0.00001 0.00001 0.00002 0.00004 0.00000 0.00000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 1
Minimum 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00004 0.00005 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00003 0.00002 0.00001 0.00001 0.00001
Maximum 0.00003 0.00002 0.00002 0.00003 0.00005 0.00005 0.00009 0.00021 0.00001 0.00001 0.00002 0.00002 0.00001 0.00002 0.00002 0.00002 0.00003 0.00007 0.00007 0.00012 0.00003 0.00002
Median 0.00002 0.00002 0.00001 0.00001 0.00002 0.00002 0.00006 0.00013 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00002 0.00001 0.00001 0.00005 0.00005 0.00007 0.00001 0.00001

Detection Limits= 0.000005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

Li: TOTAL LITHIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00299 0.00133 0.0063 0.00337 0.00137 0.0030 0.00123 0.00087 0.0005 0.0031 0.0005 0.0005 0.0005 0.0005
February 0.00237 0.00112 0.0062 0.00318 0.00063 0.0024 0.00103 0.00059 0.0005 0.00237 0.0005 0.0005 0.0005 0.0005
March 0.00265 0.00133 0.0005 0.0060 0.00386 0.00075 0.0005 0.0018 0.0026 0.0005 0.00164 0.00059 0.0005 0.0005 0.0005 0.00234 0.0005 0.0005 0.0005 0.0005
April 0.00314 0.00169 0.00656 0.00235 0.00088 0.0025 0.00083 0.00089 0.0005 0.00161 0.00077 0.00105 0.0005 0.0005
May 0.00309 0.00125 0.00675 0.0005 0.0005 0.0060 0.00353 0.00052 0.0005 0.00097 0.0012 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.00318 0.00094 0.0009 0.0005 0.0005
June 0.00261 0.00077 0.00824 0.0005 0.0053 0.00235 0.00057 0.0005 0.0005 0.0005 0.0005 0.00260 0.00058 0.00086 0.0005 0.0005
July 0.00282 0.00149 0.00816 0.0005 0.0055 0.00293 0.00106 0.0009 0.0005 0.0005 0.0005 0.00252 0.00082 0.00164 0.0005 0.0005
August 0.00309 0.00117 0.0005 0.0064 0.0034 0.00111 0.0005 0.00244 0.0016 0.0005 0.0009 0.0005 0.0005 0.0005 0.0005 0.00221 0.00065 0.00122 0.0005 0.0005
September 0.00324 0.00148 0.0005 0.0063 0.00318 0.00094 0.0025 0.00077 0.00055 0.0005 0.00255 0.00052 0.0005 0.0005 0.0005
October 0.0025 0.00159 0.0005 0.0005 0.0066 0.00401 0.00095 0.0005 0.00171 0.0019 0.0005 0.0005 0.00054 0.0005 0.0005 0.0005 0.00156 0.0005 0.0005 0.0005 0.0005
November 0.0031 0.00146 0.0005 0.0037 0.00116 0.0025 0.00122 0.00073 0.0005 0.00264 0.00062 0.0005 0.0005 0.0005
December 0.0032 0.0013 0.0067 0.00484 0.00252 0.0024 0.00128 0.00063 0.0005 0.00243 0.0005 0.0005 0.0005 0.0005

Mean 0.0029 0.0013 0.0074 0.0005 0.0005 0.0061 0.0034 0.0010 0.0005 0.0017 0.0020 0.0005 0.0009 0.0006 0.0005 0.0005 0.0005 0.0024 0.0006 0.0008 0.0005 0.0005
Std. dev. 0.0003 0.0002 0.0009 0.0000 0.0000 0.0004 0.0007 0.0005 0.0000 0.0006 0.0008 0.0000 0.0004 0.0001 0.0000 0.0000 0.0000 0.0005 0.0002 0.0004 0.0000 0.0000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 4 6 0 0 0 4 0 0 4 4 4 4 12 4 0 5 7 12 12
Minimum 0.0024 0.0008 0.0066 0.0005 0.0005 0.0053 0.0024 0.0005 0.0005 0.0010 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0016 0.0005 0.0005 0.0005 0.0005
Maximum 0.0032 0.0017 0.0082 0.0005 0.0005 0.0067 0.0048 0.0025 0.0005 0.0024 0.0030 0.0005 0.0016 0.0009 0.0005 0.0005 0.0005 0.0032 0.0009 0.0016 0.0005 0.0005
Median 0.0030 0.0013 0.0075 0.0005 0.0005 0.0062 0.0034 0.0009 0.0005 0.0018 0.0024 0.0005 0.0009 0.0006 0.0005 0.0005 0.0005 0.0025 0.0006 0.0005 0.0005 0.0005
Bold Values = Values exceeding the maximum water quality criteria of 0.014 mg/L

Detection Limits= 0.0005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Li: LITHIUM DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.00251 0.001 0.0062 0.00405 0.00078 0.00209 0.00079 0.00066 0.00059 0.00306 0.00067 0.0005 0.0005 0.0005
February 0.00233 0.001 0.0063 0.00379 0.0005 0.00213 0.00126 0.0005 0.0005 0.0023 0.0005 0.00051 0.0005 0.0005
March 0.00246 0.00158 0.0005 0.00651 0.00431 0.00053 0.0005 0.00146 0.00253 0.0005 0.00143 0.0005 0.0005 0.0005 0.0005 0.00223 0.0005 0.0005 0.0005 0.0005
April 0.00309 0.0019 0.006 0.00322 0.002 0.00237 0.00134 0.00075 0.0006 0.00213 0.00099 0.00157 0.0005 0.0005
May 0.00259 0.00089 0.00666 0.0005 0.0005 0.0058 0.00358 0.0005 0.0005 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.00279 0.00059 0.00136 0.0005 0.0005
June 0.00227 0.00097 0.00855 0.0005 0.00549 0.0024 0.00089 0.0005 0.0005 0.0005 0.0005 0.00205 0.00059 0.00083 0.0005 0.0005
July 0.00294 0.00128 0.00875 0.0005 0.00552 0.00276 0.00095 0.0009 0.0005 0.0005 0.0005 0.00228 0.00065 0.00161 0.0005 0.0005
August 0.0027 0.001 0.0005 0.00528 0.00343 0.00111 0.0005 0.00212 0.00112 0.0005 0.00056 0.0005 0.0005 0.0005 0.0005 0.0025 0.0025 0.00087 0.0005 0.0005
September 0.00316 0.00149 0.0005 0.00596 0.00343 0.0013 0.00284 0.00093 0.00094 0.0005 0.00256 0.00077 0.00058 0.0005 0.0005
October 0.00275 0.00116 0.001 0.0005 0.00593 0.00325 0.0005 0.0005 0.00147 0.00152 0.0005 0.0007 0.00058 0.0005 0.0005 0.0005 0.00197 0.00059 0.0005 0.0005 0.0005
November 0.00319 0.00137 0.0005 0.00396 0.00122 0.00204 0.00125 0.00071 0.0005 0.00254 0.00058 0.0005 0.0005 0.0005
December 0.00315 0.00141 0.00701 0.00459 0.00255 0.00261 0.00136 0.00065 0.0005 0.00241 0.0005 0.0005 0.0005 0.0005

Mean 0.0028 0.0013 0.0076 0.0005 0.0005 0.0060 0.0036 0.0010 0.0005 0.0014 0.0018 0.0005 0.0009 0.0006 0.0005 0.0005 0.0005 0.0024 0.0008 0.0008 0.0005 0.0005
Std. dev. 0.0003 0.0003 0.0013 0.0000 0.0000 0.0005 0.0006 0.0006 0.0000 0.0006 0.0008 0.0000 0.0004 0.0001 0.0000 0.0000 0.0000 0.0003 0.0006 0.0004 0.0000 0.0000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 4 6 0 0 3 4 0 2 4 3 6 4 10 4 1 4 5 12 12
Minimum 0.0023 0.0009 0.0063 0.0005 0.0005 0.0053 0.0024 0.0005 0.0005 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0020 0.0005 0.0005 0.0005 0.0005
Maximum 0.0032 0.0019 0.0088 0.0005 0.0005 0.0070 0.0046 0.0026 0.0005 0.0021 0.0028 0.0005 0.0014 0.0009 0.0005 0.0006 0.0005 0.0031 0.0025 0.0016 0.0005 0.0005
Median 0.0027 0.0013 0.0076 0.0005 0.0005 0.0059 0.0035 0.0009 0.0005 0.0015 0.0021 0.0005 0.0009 0.0005 0.0005 0.0005 0.0005 0.0024 0.0006 0.0005 0.0005 0.0005

Detection Limits= 0.0005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

Ni: TOTAL NICKEL (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000314 0.000211 0.000688 0.000252 0.000748 0.00035 0.000221 0.000164 0.000297 0.000374 0.000318 0.000408 0.000199 0.000219
February 0.000281 0.000232 0.000926 0.000321 0.000435 0.00032 0.00031 0.000245 0.000206 0.000289 0.000294 0.000302 0.00025 0.000126
March 0.000313 0.000227 0.000569 0.000704 0.000212 0.00043 0.000319 0.000269 0.00030 0.00012 0.00033 0.000244 0.000285 0.000198 0.000359 0.000231 0.000209 0.000341 0.000243 0.000182
April 0.000318 0.000209 0.000189 0.00061 0.00075 0.00037 0.00025 0.00032 0.0004 0.00044 0.00046 0.00033 0.00041 0.000184
May 0.000263 0.000173 0.000119 0.000431 0.00027 0.000587 0.00016 0.00081 0.000093 0.0002 0.00030 0.00010 0.00022 0.00017 0.00033 0.0002 0.000178 0.00018 0.00022 0.00017 0.00021 0.0001
June 0.000136 0.000067 0.00008 0.000099 0.000498 0.00016 0.00068 0.00021 0.000054 0.000051 0.000150 0.00025 0.00032 0.00036 0.00028 0.00002
July 0.000183 0.000118 0.000115 0.000144 0.000505 0.000241 0.000945 0.00026 0.000106 0.000129 0.000123 0.000279 0.00032 0.000198 0.000165 0.000049
August 0.000275 0.00011 0.000309 0.000464 0.00017 0.000375 0.000106 0.000189 0.00022 0.00011 0.000128 0.000069 0.000107 0.000100 0.000098 0.00019 0.00031 0.00028 0.000103 0.000039
September 0.000142 0.000099 0.000152 0.000577 0.000176 0.00038 0.00023 0.000061 0.000079 0.000116 0.000254 0.00029 0.000233 0.000147 0.00005
October 0.000131 0.000113 0.000149 0.00018 0.000493 0.000146 0.000334 0.000071 0.000072 0.00012 0.00003 0.000056 0.000074 0.00013 0.000139 0.000116 0.00021 0.00021 0.000169 0.000123 0.000053
November 0.000164 0.000094 0.000157 0.000198 0.000451 0.00012 0.000122 0.000071 0.000122 0.000273 0.000188 0.000125 0.000129 0.000073
December 0.000193 0.000078 0.000626 0.00031 0.00026 0.00024 0.000106 0.000094 0.000165 0.0002 0.000186 0.000123 0.000261 0.000053

Mean 0.0002 0.0001 0.0001 0.0004 0.0002 0.0006 0.0002 0.0005 0.0001 0.0002 0.0003 0.0001 0.0002 0.0001 0.0002 0.0002 0.0002 0.0003 0.0003 0.0003 0.0002 0.0001
Std. dev. 0.0001 0.0001 0.0000 0.0002 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Minimum 0.00013 0.00007 0.00008 0.00015 0.00010 0.00046 0.00015 0.00026 0.00007 0.00007 0.00012 0.00003 0.00005 0.00005 0.00011 0.00010 0.00010 0.00018 0.00019 0.00012 0.00010 0.00002
Maximum 0.00032 0.00023 0.00019 0.00057 0.00027 0.00093 0.00061 0.00095 0.00032 0.00027 0.00037 0.00012 0.00033 0.00032 0.00033 0.00040 0.00036 0.00044 0.00046 0.00041 0.00041 0.00022
Median 0.00023 0.00012 0.00012 0.00037 0.00015 0.00058 0.00021 0.00044 0.00010 0.00019 0.00025 0.00010 0.00013 0.00011 0.00021 0.00016 0.00015 0.00025 0.00029 0.00026 0.00020 0.00006

Bold values indicate levels greater than the hardness-based guideline of 0.025 mg/L (Hardness 0-60 mg/L)
Detection Limits= 0.00002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Ni: NICKEL DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000304 0.00021 0.000748 0.000307 0.000436 0.000292 0.000179 0.000174 0.000232 0.000331 0.000188 0.000211 0.000186 0.000202
February 0.000264 0.00022 0.000691 0.000205 0.000349 0.000233 0.000185 0.000197 0.000165 0.000205 0.000268 0.000276 0.000162 0.000137
March 0.000241 0.000247 0.000434 0.000691 0.000309 0.000471 0.000236 0.000155 0.000284 0.00017 0.00021 0.000156 0.000272 0.000136 0.000144 0.000186 0.000182 0.000285 0.000172 0.000186
April 0.000228 0.000186 0.000 0.000294 0.001 0.000425 0.000317 0.000251 0.000388 0.000218 0.00025 0.00033 0.000315 0.000152
May 0.000211 0.000101 0.000125 0.000427 0.0001 0.0005 0.000102 0.000622 0.000091 0.000077 0.000311 0.000038 0.000085 0.000082 0.000214 0.000146 0.000178 0.000115 0.00017 0.000203 0.000171 0.00002
June 0.00012 0.000065 0.000058 0.000064 0.000431 0.000071 0.000578 0.0002 0.000047 0.000026 0.000067 0.000101 0.000127 0.00015 0.000112 0.00002
July 0.000086 0.00009 0.000067 0.000101 0.000422 0.000111 0.000638 0.0002 0.000046 0.000064 0.000091 0.000251 0.000145 0.000132 0.000076 0.00002
August 0.000113 0.00011 0.000307 0.000462 0.000126 0.000362 0.000062 0.000047 0.000208 0.000023 0.00007 0.000066 0.00011 0.00009 0.000082 0.00017 0.00019 0.000354 0.000119 0.000398
September 0.000125 0.000093 0.000115 0.000404 0.000141 0.0003 0.000135 0.00006 0.0001 0.000095 0.000137 0.000165 0.000167 0.000115 0.000031
October 0.000108 0.000115 0.0002 0.000118 0.000499 0.000137 0.000286 0.000072 0.000067 0.000131 0.000027 0.00006 0.000081 0.000139 0.000105 0.000125 0.000157 0.00016 0.00016 0.000134 0.000098
November 0.000186 0.000104 0.000087 0.00011 0.000412 0.0001 0.000048 0.000053 0.000117 0.000109 0.000124 0.000141 0.000104 0.000083
December 0.000196 0.000106 0.000507 0.000209 0.000167 0.000185 0.000119 0.000103 0.0001 0.000157 0.000145 0.000114 0.000118 0.00002

Mean 0.0002 0.0001 0.0001 0.0003 0.0001 0.0005 0.0002 0.0004 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001
Std. dev. 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 0.0002 0.0001 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0001 0.0001 0.0001
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3
Minimum 0.00009 0.00007 0.00006 0.00016 0.00006 0.00040 0.00007 0.00017 0.00006 0.00005 0.00010 0.00002 0.00005 0.00003 0.00011 0.00007 0.00008 0.00010 0.00012 0.00011 0.00008 0.00002
Maximum 0.00030 0.00025 0.00024 0.00043 0.00012 0.00075 0.00031 0.00064 0.00024 0.00016 0.00043 0.00017 0.00032 0.00025 0.00027 0.00039 0.00018 0.00033 0.00027 0.00035 0.00032 0.00040
Median 0.00019 0.00011 0.00010 0.00037 0.00010 0.00049 0.00014 0.00042 0.00008 0.00007 0.00020 0.00003 0.00008 0.00009 0.00018 0.00011 0.00013 0.00016 0.00017 0.00019 0.00013 0.00009

Detection Limits= 0.00002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

Sr: TOTAL STRONTIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.625 0.386 0.861 0.855 0.531 0.534 0.231 0.216 0.103 0.76 0.202 0.217 0.0937 0.0633
February 0.515 0.331 0.806 0.767 0.446 0.476 0.246 0.186 0.0795 0.592 0.173 0.217 0.0828 0.0555
March 0.54 0.364 0.0539 0.808 0.821 0.481 0.0872 0.159 0.458 0.050 0.31 0.198 0.0474 0.0941 0.0589 0.609 0.163 0.172 0.0983 0.061
April 0.497 0.374 0.192 0.41 0.272 0.363 0.183 0.164 0.0934 0.298 0.216 0.255 0.0809 0.0634
May 0.546 0.3 0.282 0.0373 0.213 0.735 0.544 0.109 0.0421 0.08 0.175 0.039 0.0647 0.0724 0.0261 0.0492 0.0318 0.519 0.216 0.233 0.0391 0.0523
June 0.499 0.286 0.243 0.218 0.75 0.439 0.14 0.124 0.0708 0.0572 0.0465 0.471 0.205 0.24 0.0443 0.0412
July 0.474 0.295 0.238 0.211 0.701 0.529 0.231 0.161 0.071 0.0704 0.0568 0.487 0.228 0.389 0.0482 0.0453
August 0.52 0.31 0.0342 0.713 0.699 0.371 0.0778 0.144 0.259 0.047 0.119 0.112 0.0416 0.0761 0.0609 0.537 0.226 0.271 0.0686 0.0576
September 0.57 0.36 0.289 0.728 0.646 0.428 0.401 0.133 0.113 0.0719 0.574 0.2 0.17 0.0601 0.0529
October 0.516 0.339 0.055 0.273 0.855 0.737 0.431 0.071 0.119 0.330 0.047 0.13 0.105 0.0392 0.0664 0.051 0.547 0.231 0.154 0.0538 0.0645
November 0.561 0.352 0.24 0.806 0.404 0.462 0.238 0.171 0.0849 0.629 0.21 0.0998 0.0725 0.146
December 0.575 0.346 0.838 0.952 0.659 0.432 0.263 0.181 0.0825 0.663 0.166 0.0823 0.0913 0.0575

Mean 0.537 0.337 0.239 0.045 0.241 0.780 0.684 0.375 0.070 0.126 0.348 0.046 0.172 0.137 0.039 0.075 0.051 0.557 0.203 0.208 0.069 0.063
Std. dev. 0.042 0.033 0.037 0.011 0.033 0.061 0.172 0.161 0.019 0.035 0.138 0.005 0.085 0.055 0.009 0.018 0.013 0.114 0.024 0.082 0.020 0.027
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.474 0.286 0.192 0.034 0.211 0.701 0.410 0.109 0.042 0.080 0.124 0.039 0.065 0.057 0.026 0.047 0.032 0.298 0.163 0.082 0.039 0.041
Maximum 0.625 0.386 0.282 0.055 0.289 0.861 0.952 0.659 0.087 0.159 0.534 0.050 0.310 0.216 0.047 0.103 0.061 0.760 0.231 0.389 0.098 0.146
Median 0.530 0.343 0.241 0.046 0.229 0.778 0.718 0.416 0.074 0.132 0.382 0.047 0.158 0.139 0.040 0.078 0.055 0.561 0.208 0.217 0.071 0.058

Detection Limits= 0.00005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Sr: STRONTIUM DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.679 0.429 0.915 0.951 0.601 0.597 0.235 0.242 0.0979 0.851 0.19 0.218 0.0957 0.0713
February 0.505 0.335 0.814 0.758 0.443 0.469 0.247 0.187 0.0877 0.599 0.17 0.22 0.0834 0.0575
March 0.556 0.368 0.0491 0.824 0.833 0.49 0.0834 0.17 0.481 0.0508 0.315 0.203 0.0483 0.1 0.0589 0.594 0.171 0.163 0.104 0.059
April 0.523 0.368 0.194 0.408 0.302 0.389 0.204 0.17 0.0976 0.301 0.223 0.281 0.0851 0.0678
May 0.554 0.29 0.273 0.0374 0.223 0.759 0.552 0.105 0.0435 0.0771 0.173 0.0382 0.066 0.0682 0.0278 0.0492 0.0313 0.477 0.216 0.249 0.0436 0.0551
June 0.505 0.277 0.244 0.216 0.77 0.482 0.163 0.128 0.071 0.0595 0.0437 0.429 0.203 0.241 0.0432 0.0401
July 0.589 0.343 0.268 0.244 0.763 0.638 0.238 0.169 0.0681 0.0666 0.0553 0.483 0.243 0.413 0.0556 0.0505
August 0.543 0.355 0.0307 0.787 0.768 0.392 0.0719 0.149 0.268 0.0466 0.125 0.11 0.0399 0.0727 0.0596 0.563 0.212 0.278 0.0677 0.0544
September 0.541 0.336 0.3 0.797 0.706 0.469 0.449 0.139 0.116 0.0721 0.586 0.204 0.163 0.0588 0.0537
October 0.488 0.331 0.051 0.241 0.8 0.725 0.436 0.0674 0.116 0.322 0.0433 0.121 0.103 0.038 0.0657 0.0489 0.512 0.205 0.138 0.0527 0.0577
November 0.594 0.368 0.265 0.814 0.454 0.371 0.246 0.192 0.0805 0.649 0.22 0.101 0.0764 0.157
December 0.573 0.34 0.852 1.04 0.672 0.459 0.276 0.182 0.0842 0.656 0.186 0.0855 0.0911 0.057

Mean 0.554 0.345 0.245 0.042 0.248 0.808 0.723 0.397 0.067 0.128 0.356 0.045 0.176 0.142 0.039 0.076 0.050 0.558 0.204 0.213 0.071 0.065
Std. dev. 0.052 0.039 0.036 0.010 0.031 0.047 0.183 0.168 0.017 0.041 0.147 0.005 0.088 0.062 0.008 0.019 0.013 0.136 0.022 0.091 0.021 0.030
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimum 0.488 0.277 0.194 0.031 0.216 0.759 0.408 0.105 0.044 0.077 0.128 0.038 0.066 0.060 0.028 0.044 0.031 0.301 0.170 0.086 0.043 0.040
Maximum 0.679 0.429 0.273 0.051 0.300 0.915 1.040 0.672 0.083 0.170 0.597 0.051 0.315 0.242 0.048 0.100 0.060 0.851 0.243 0.413 0.104 0.157
Median 0.549 0.342 0.256 0.043 0.243 0.799 0.742 0.440 0.070 0.133 0.380 0.045 0.172 0.143 0.039 0.077 0.054 0.575 0.205 0.219 0.072 0.057

Detection Limits= 0.00005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

Tl: TOTAL THALLIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000004 0.000002 0.000004 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
February 0.000004 0.000002 0.000005 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
March 0.000004 0.000002 0.000002 0.000005 0.000002 0.000002 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
April 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
May 0.000006 0.000003 0.000003 0.000002 0.000002 0.000006 0.000002 0.000008 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
June 0.000005 0.000002 0.000002 0.000002 0.000005 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
July 0.000007 0.000002 0.000002 0.000002 0.000006 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
August 0.000003 0.000003 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
September 0.000004 0.000002 0.000003 0.000004 0.000003 0.000003 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
October 0.000003 0.000002 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
November 0.000005 0.000002 0.000002 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
December 0.000003 0.000002 0.000007 0.000002 0.000002 0.000005 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002

Mean 0.000004 0.000002 0.000002 0.000002 0.000002 0.000005 0.000002 0.000003 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
Std. dev. 0.000001 0.000000 0.000001 0.000000 0.000000 0.000001 0.000000 0.000002 0.000000 0.000000 0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 4 3 3 4 0 10 8 3 4 2 4 5 12 4 12 4 12 12 12 12 12
Minimum 0.000003 0.000002 0.000002 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
Maximum 0.000007 0.000003 0.000003 0.000002 0.000003 0.000007 0.000003 0.000008 0.000002 0.000002 0.000005 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
Median 0.000004 0.000002 0.000002 0.000002 0.000002 0.000005 0.000002 0.000002 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
Bold Values = Values exceeding the 30-day average water quality criteria of 0.0003 mg/L

Detection Limits= 0.000002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Tl: THALLIUM DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.000004 0.000002 0.000006 0.000002 0.000002 0.000005 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
February 0.000005 0.000002 0.000005 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
March 0.000003 0.000002 0.000003 0.000005 0.000002 0.000002 0.000003 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000004 0.000002 0.000002
April 0.000003 0.000002 0.000 0.000002 0.000 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
May 0.000004 0.000002 0.000002 0.000002 0.000002 0.000006 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000003 0.000002 0.000002
June 0.000005 0.000002 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
July 0.000005 0.000002 0.000002 0.000002 0.000007 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
August 0.000005 0.000002 0.000002 0.000006 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.00001 0.00001 0.000002 0.000002 0.000002
September 0.000004 0.000002 0.000002 0.000005 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
October 0.000003 0.000002 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
November 0.000004 0.000002 0.000002 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
December 0.000005 0.000002 0.000007 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002

Mean 0.000004 0.000002 0.000002 0.000002 0.000002 0.000006 0.000002 0.000002 0.000002 0.000002 0.000003 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000003 0.000003 0.000002 0.000002 0.000002
Std. dev. 0.000001 0.000000 0.000000 0.000001 0.000000 0.000001 0.000000 0.000000 0.000001 0.000000 0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000002 0.000002 0.000001 0.000000 0.000000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 0 6 4 3 6 0 11 9 3 4 3 4 8 12 4 12 4 12 12 10 11 11
Minimum 0.000003 0.000002 0.000002 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002
Maximum 0.000005 0.000002 0.000002 0.000003 0.000002 0.000007 0.000002 0.000002 0.000003 0.000002 0.000005 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000010 0.000010 0.000004 0.000002 0.000002
Median 0.000004 0.000002 0.000002 0.000002 0.000002 0.000006 0.000002 0.000002 0.000002 0.000002 0.000004 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002

Detection Limits= 0.000002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

Sn: TOTAL TIN (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
February 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
March 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
April 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
May 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
June 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
July 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
August 0.00025 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
September 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
October 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
November 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
December 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

Mean 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Std. dev. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 11 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
Minimum 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Maximum 0.0003 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Median 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Bold Values = Values greater than or equal to 0.1 mg/L for sites subject to drinking water criteria.
Greater than 10 for sites subject to the aquatic life criteria.
Detection Limits= 0.0002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Sn: TIN DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
February 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
March 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
April 0.0002 0.0002 0.000 0.0002 0.000 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
May 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
June 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
July 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
August 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.001 0.001 0.0002 0.0002 0.0002
September 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
October 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
November 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
December 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.00038 0.0002 0.0002 0.0002

Mean 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0003 0.0003 0.0002 0.0002 0.0002
Std. dev. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0002 0.0000 0.0000 0.0000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 11 12 12 12
Minimum 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Maximum 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0010 0.0010 0.0002 0.0002 0.0002
Median 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

Detection Limits= 0.0002 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F



Kemess Mine Geochemistry

YEAR: 2016

Ti: TOTAL TITANIUM (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0005 0.0005 0.00071 0.0005 0.00152 0.0005 0.0005 0.0005 0.0005 0.00139 0.00075 0.0005 0.0005 0.0005
February 0.0005 0.0005 0.0005 0.00125 0.0007 0.0008 0.0005 0.0005 0.0005 0.00055 0.0005 0.00135 0.00052 0.0005
March 0.0005 0.0005 0.00194 0.0005 0.0005 0.00053 0.00075 0.00103 0.0005 0.0005 0.0005 0.0005 0.00131 0.0005 0.00185 0.00063 0.00113 0.0005 0.0005 0.00053
April 0.0021 0.0005 0.00177 0.0056 0.0053 0.0006 0.005 0.00107 0.005 0.005 0.007 0.005 0.005 0.0005
May 0.00065 0.0005 0.0005 0.0005 0.005 0.00422 0.005 0.005 0.001 0.005 0.0005 0.0050 0.005 0.005 0.005 0.005 0.00065 0.005 0.005 0.005 0.005 0.005
June 0.0005 0.0005 0.0005 0.00099 0.00131 0.005 0.005 0.0010 0.0005 0.00056 0.005 0.005 0.0062 0.005 0.005 0.0005
July 0.00132 0.00072 0.0005 0.00129 0.00087 0.0018 0.00143 0.0005 0.00063 0.00065 0.0005 0.00147 0.00194 0.0005 0.00098 0.0005
August 0.0005 0.0005 0.0005 0.00097 0.0005 0.0007 0.00052 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.002 0.0057 0.002 0.0005 0.0005
September 0.0005 0.0005 0.0005 0.00151 0.00096 0.0024 0.0011 0.0005 0.0005 0.00056 0.00156 0.0021 0.0006 0.0005 0.0005
October 0.0005 0.0005 0.0006 0.0023 0.00087 0.00087 0.00165 0.0005 0.00062 0.0008 0.0005 0.0005 0.0005 0.00064 0.00055 0.00055 0.002 0.002 0.0005 0.0005 0.0005
November 0.00086 0.0005 0.00223 0.00254 0.00135 0.0006 0.00161 0.00068 0.0005 0.00393 0.00139 0.0005 0.0011 0.0005
December 0.0005 0.0005 0.00105 0.0035 0.0025 0.0014 0.0005 0.0005 0.00128 0.002 0.0005 0.00087 0.0005 0.0005

Mean 0.0007 0.0005 0.0008 0.0009 0.0021 0.0013 0.0023 0.0023 0.0007 0.0018 0.0007 0.0016 0.0014 0.0010 0.0019 0.0017 0.0009 0.0025 0.0029 0.0019 0.0017 0.0009
Std. dev. 0.0005 0.0001 0.0006 0.0007 0.0016 0.0011 0.0020 0.0018 0.0002 0.0022 0.0003 0.0023 0.0017 0.0013 0.0021 0.0020 0.0006 0.0017 0.0024 0.0019 0.0020 0.0013
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 7 11 3 2 2 2 5 2 1 2 4 4 10 8 2 9 1 5 4 9 9 11
Minimum 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 0.0005 0.0005 0.0005
Maximum 0.0021 0.0007 0.0018 0.0019 0.0050 0.0042 0.0056 0.0053 0.0010 0.0050 0.0014 0.0050 0.0050 0.0050 0.0050 0.0050 0.0019 0.0050 0.0070 0.0050 0.0050 0.0050
Median 0.0005 0.0005 0.0005 0.0006 0.0018 0.0009 0.0015 0.0016 0.0006 0.0008 0.0006 0.0005 0.0005 0.0005 0.0010 0.0005 0.0006 0.0020 0.0020 0.0007 0.0005 0.0005

Detection Limits= 0.0005 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Ti: TITANIUM DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
February 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.00067 0.0005 0.0005 0.0005
March 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
April 0.0005 0.0005 0.001 0.0005 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
May 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.00067 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0009 0.0005 0.0005 0.0005 0.00054 0.0005
June 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
July 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
August 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0025 0.0025 0.0005 0.0005 0.0005
September 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
October 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
November 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
December 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005

Mean 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 0.0007 0.0007 0.0005 0.0005 0.0005
Std. dev. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0006 0.0006 0.0000 0.0000 0.0000
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 12 12 4 4 6 10 12 10 4 4 12 4 12 12 4 12 3 12 11 12 11 12
Minimum 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
Maximum 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0007 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0009 0.0025 0.0025 0.0005 0.0005 0.0005
Median 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005

Detection Limits= 0.0005 mg/L



Kemess Mine Geochemistry

YEAR: 2016

B: TOTAL Boron (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.015 0.012 0.02 0.014 0.022 0.0140 0.01 0.01 0.01 0.013 0.01 0.01 0.01 0.01
February 0.013 0.01 0.02 0.012 0.019 0.0120 0.01 0.01 0.01 0.011 0.01 0.01 0.01 0.01
March 0.015 0.012 0.01 0.021 0.015 0.021 0.01 0.011 0.0130 0.0100 0.01 0.01 0.01 0.01 0.01 0.012 0.01 0.01 0.01 0.01
April 0.015 0.012 0.013 0.05 0.05 0.0110 0.05 0.01 0.05 0.05 0.05 0.05 0.05 0.01
May 0.014 0.01 0.011 0.01 0.05 0.016 0.05 0.05 0.01 0.05 0.0100 0.0500 0.05 0.05 0.05 0.05 0.01 0.05 0.05 0.05 0.05 0.05
June 0.012 0.01 0.012 0.01 0.015 0.05 0.05 0.0100 0.01 0.01 0.05 0.05 0.05 0.05 0.05 0.01
July 0.012 0.01 0.012 0.01 0.016 0.013 0.013 0.0100 0.01 0.01 0.01 0.011 0.01 0.011 0.01 0.01
August 0.014 0.011 0.01 0.018 0.015 0.021 0.01 0.01 0.0100 0.0100 0.01 0.01 0.01 0.01 0.01 0.012 0.01 0.01 0.01 0.01
September 0.014 0.011 0.01 0.019 0.013 0.018 0.0110 0.01 0.01 0.01 0.011 0.01 0.01 0.01 0.01
October 0.013 0.01 0.01 0.01 0.019 0.014 0.018 0.01 0.01 0.0100 0.0100 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
November 0.014 0.011 0.01 0.013 0.018 0.0120 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
December 0.016 0.011 0.021 0.016 0.011 0.0110 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Mean 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.01
Std. dev. 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.02 0.00 0.02 0.02 0.01 0.02 0.02 0.00 0.02 0.02 0.02 0.02 0.01
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 7 11 3 2 2 2 5 2 1 2 4 4 10 8 2 9 1 5 4 9 9 11
Minimum 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Maximum 0.02 0.01 0.01 0.01 0.05 0.02 0.05 0.05 0.01 0.05 0.01 0.05 0.05 0.05 0.05 0.05 0.01 0.05 0.05 0.05 0.05 0.05
Median 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Detection Limits= 0.01 mg/L
Compliance Sites are WQ-25, WQ-01, WQ-03, WQ-17, WQ-18 and WQ-14F

Ti: TITANIUM DISSOLVED (mg/L)
MONTH WQ-TSF Spill WQ-TSP WQ-SRP WQ-SRPW WQ-23a WQ-BXL WQ-Pit WR-S4 WQ-WCSP WQ-SDDI WQ-24 WQ-25 WQ-04 WQ-03 WQ-01 WQ-13 WQ-17 WQ-RCb WQ-14F ATWL-1 ATWL-1a WQ-18 WQ-EC
January 0.015 0.01 0.02 0.014 0.02 0.013 0.01 0.01 0.01 0.012 0.01 0.01 0.01 0.01
February 0.013 0.01 0.021 0.014 0.018 0.012 0.01 0.01 0.01 0.011 0.01 0.01 0.01 0.01
March 0.014 0.01 0.01 0.021 0.015 0.02 0.01 0.01 0.013 0.01 0.01 0.01 0.01 0.01 0.01 0.011 0.01 0.01 0.01 0.01
April 0.015 0.01 0.011 0.02 0.02 0.01 0.01 0.01 0.01 0.012 0.01 0.01 0.01 0.01
May 0.012 0.01 0.011 0.01 0.01 0.02 0.014 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.012 0.01 0.01 0.01 0.01
June 0.012 0.01 0.013 0.01 0.016 0.011 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
July 0.021 0.01 0.011 0.01 0.016 0.012 0.013 0.01 0.01 0.01 0.01 0.011 0.01 0.01 0.01 0.01
August 0.013 0.01 0.01 0.018 0.014 0.021 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.05 0.01 0.01 0.01
September 0.013 0.01 0.01 0.017 0.013 0.02 0.011 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
October 0.013 0.011 0.0100 0.01 0.017 0.013 0.018 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
November 0.014 0.01 0.01 0.014 0.018 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
December 0.014 0.012 0.021 0.014 0.011 0.011 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Mean 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Std. dev. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00
No.of values  12 12 4 4 6 10 12 12 4 4 12 4 12 12 4 12 4 12 12 12 12 12
No. < DL 12 12 4 4 6 10 12 10 4 4 12 4 12 12 4 12 3 12 11 12 11 12
Minimum 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Maximum 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.05 0.01 0.01 0.01
Median 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Detection Limits= 0.01 mg/L



AuRico Metals Inc—Kemess South Mine 
2016 Water Quality Report 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
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Kemess Mine General Parameters 1/26/2017

Field pH Monthly Median
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Kemess Mine
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Kemess Mine
Total Suspended Solids (TSS)
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Kemess Mine
Total Suspended Solids (TSS)
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Kemess Mine
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Kemess Mine
Total Suspended Solids (TSS)
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Kemess Mine
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Kemess Mine
Chloride
BC WQG (Max) = 600 mg/L
BC WQG (30-day Avg) = 150 mg/L
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Hardness
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Hardness
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Hardness

WQ-EC
January Febru.. March April May June July August September October November Decemb..

0

10

20

30

40

50

60

70

80

90

100

110

H
ar
dn
es
s 
[m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Sulphate (SO4)
BC WQG (Max) = 218 mg/L (Hardness 31-75 mg/L)
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Kemess Mine
Sulphate (SO4)
BC WQG (Max) = 218 mg/L (Hardness 31-75 mg/L)
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Kemess Mine
Sulphate (SO4)
BC WQG (Max) = 218 mg/L (Hardness 31-75 mg/L)
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Kemess Mine
Sulphate (SO4)
BC WQG (Max) = 218 mg/L (Hardness 31-75 mg/L)
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Kemess Mine
Sulphate (SO4)
BC WQG (Max) = 218 mg/L (Hardness 31-75 mg/L)
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Kemess Mine
Sulphate (SO4)
BC WQG (Max) = 218 mg/L (Hardness 31-75 mg/L)
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Kemess Mine
Sulphate (SO4)
BC WQG (Max) = 218 mg/L (Hardness 31-75 mg/L)
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Kemess Mine
Sulphate (SO4)
BC WQG (Max) = 218 mg/L (Hardness 31-75 mg/L)
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Kemess Mine
Ammonia (NH3)
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Ammonia (NH3)
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Kemess Mine
Ammonia (NH3)
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Kemess Mine
Nitrate
BC WQG (Max) = 32.8 mg/L
BC WQG (30-day Avg) = 3.0 mg/L
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Kemess Mine
Nitrate
BC WQG (Max) = 32.8 mg/L
BC WQG (30-day Avg) = 3.0 mg/L
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Kemess Mine
Nitrate
BC WQG (Max) = 32.8 mg/L
BC WQG (30-day Avg) = 3.0 mg/L

WR-S4
January February March April May June July August September October November December

0

5

10

15

N
itr
at
e 
[m
g/
L]

WQ-WCSP
January February March April May June July August September October November December

0

20

40

N
itr
at
e 
[m
g/
L]

WQ-SDDI
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

0.08

0.10

N
itr
at
e 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Nitrate
BC WQG (Max) = 32.8 mg/L
BC WQG (30-day Avg) = 3.0 mg/L
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Kemess Mine
Nitrate
BC WQG (Max) = 32.8 mg/L
BC WQG (30-day Avg) = 3.0 mg/L
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Kemess Mine
Nitrate
BC WQG (Max) = 32.8 mg/L
BC WQG (30-day Avg) = 3.0 mg/L
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Kemess Mine
Nitrate
BC WQG (Max) = 32.8 mg/L
BC WQG (30-day Avg) = 3.0 mg/L
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Kemess Mine
Dissolved Cadmium (D-Cd)
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Kemess Mine
Dissolved Cadmium (D-Cd)
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Kemess Mine
Dissolved Cadmium (D-Cd)
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BC WQG (Max)
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BC WQG (Max)
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Kemess Mine
Dissolved Cadmium (D-Cd)
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BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)
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Kemess Mine
Dissolved Cadmium (D-Cd)
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BC WQG (30-Day Avg)
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BC WQG (30-Day Avg)
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Kemess Mine
Dissolved Cadmium (D-Cd)
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BC WQG (30-Day Avg)
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BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)
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Kemess Mine
Dissolved Cadmium (D-Cd)
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Kemess Mine
Total Chromium (T-Cr)
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Kemess Mine
Total Chromium (T-Cr)
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Kemess Mine
Total Chromium (T-Cr)
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Kemess Mine
Total Chromium (T-Cr)

WQ-24
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Kemess Mine
Total Chromium (T-Cr)
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Kemess Mine
Total Chromium (T-Cr)
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Kemess Mine
Total Chromium (T-Cr)
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Kemess Mine
Total Chromium (T-Cr)
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Kemess Mine
Total Cobalt (T-Co)
BC WQG (Max) = 0.11 mg/L
BC WQG (30-day Avg) = 0.04 mg/L
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Kemess Mine
Total Cobalt (T-Co)
BC WQG (Max) = 0.11 mg/L
BC WQG (30-day Avg) = 0.04 mg/L

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
C
o 
[m
g/
L]

WQ-BXL
January February March April May June July August September October November December

0.000

0.001

0.002

T-
C
o 
[m
g/
L]

WQ-PIT
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

T-
C
o 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Cobalt (T-Co)
BC WQG (Max) = 0.11 mg/L
BC WQG (30-day Avg) = 0.04 mg/L
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Kemess Mine
Total Cobalt (T-Co)
BC WQG (Max) = 0.11 mg/L
BC WQG (30-day Avg) = 0.04 mg/L
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Kemess Mine
Total Cobalt (T-Co)
BC WQG (Max) = 0.11 mg/L
BC WQG (30-day Avg) = 0.04 mg/L
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Kemess Mine
Total Cobalt (T-Co)
BC WQG (Max) = 0.11 mg/L
BC WQG (30-day Avg) = 0.04 mg/L
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Kemess Mine
Total Cobalt (T-Co)
BC WQG (Max) = 0.11 mg/L
BC WQG (30-day Avg) = 0.04 mg/L
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Kemess Mine
Total Cobalt (T-Co)
BC WQG (Max) = 0.11 mg/L
BC WQG (30-day Avg) = 0.04 mg/L

WQ-EC
January Febru.. March April May June July August September October November Decemb..
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Kemess Mine
Total Copper (T-Cu)

WQ-TSP
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Kemess Mine
Total Copper (T-Cu)

WQ-23 & WQ-23A
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Kemess Mine
Total Copper (T-Cu)
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Kemess Mine
Total Copper (T-Cu)

WQ-24
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0.000

0.001

0.002

0.003

T-
Li
 [m
g/
L]

WQ-18
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

0.004

0.005

T-
Li
 [m
g/
L]

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Lithium (T-Li)
BC WQG (Max) = 0.014 mg/L

WQ-EC
JanuaryFebru.. March April May June July August September October November Decemb..

0.00000

0.00005

0.00010

0.00015

0.00020

0.00025

0.00030

0.00035

0.00040

0.00045

0.00050

T-
Li
 [m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Total Manganese (T-Mn)
BC WQG (Max) = 0.9 mg/L
BC WQG (30-day Avg) = 0.75 mg/L

WQ-TSP
January February March April May June July August September October November December

0.00

0.05

0.10

0.15

T-
M
n 
[m
g/
L]

WQ-SRP
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

0.04

T-
M
n 
[m
g/
L]

WQ-SRPW
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

0.020

T-
M
n 
[m
g/
L]

Year of Date
1998

1999

2003

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Manganese (T-Mn)
BC WQG (Max) = 0.9 mg/L
BC WQG (30-day Avg) = 0.75 mg/L

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.0

0.1

0.2

T-
M
n 
[m
g/
L]

WQ-BXL
January February March April May June July August September October November December

0.0

0.1

0.2

0.3

T-
M
n 
[m
g/
L]

WQ-PIT
January February March April May June July August September October November December

0.00

0.05

0.10

0.15

T-
M
n 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Manganese (T-Mn)
BC WQG (Max) = 0.9 mg/L
BC WQG (30-day Avg) = 0.75 mg/L

WR-S4
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

T-
M
n 
[m
g/
L]

WQ-WCSP
January February March April May June July August September October November December

0.0

0.1

0.2

0.3

T-
M
n 
[m
g/
L]

WQ-SDDI
January February March April May June July August September October November December

0.000

0.005

0.010

T-
M
n 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Manganese (T-Mn)
BC WQG (Max) = 0.9 mg/L
BC WQG (30-day Avg) = 0.75 mg/L

WQ-24
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
M
n 
[m
g/
L]

WQ-25
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

T-
M
n 
[m
g/
L]

WQ-04
January February March April May June July August September October November December

0.000

0.005

0.010

T-
M
n 
[m
g/
L]

Year of Date
1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Manganese (T-Mn)
BC WQG (Max) = 0.9 mg/L
BC WQG (30-day Avg) = 0.75 mg/L

WQ-03
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

0.020

T-
M
n 
[m
g/
L]

WQ-01
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

0.020

T-
M
n 
[m
g/
L]

WQ-13
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

0.08

T-
M
n 
[m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Manganese (T-Mn)
BC WQG (Max) = 0.9 mg/L
BC WQG (30-day Avg) = 0.75 mg/L

WQ-17
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

0.04

0.05

T-
M
n 
[m
g/
L]

WQ-RCb
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

0.04

0.05

T-
M
n 
[m
g/
L]

WQ-14F
January February March April May June July August September October November December

0.00

0.05

0.10

0.15

0.20

T-
M
n 
[m
g/
L]

Year of Date
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Manganese (T-Mn)
BC WQG (Max) = 0.9 mg/L
BC WQG (30-day Avg) = 0.75 mg/L

ATWL-1
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

0.08

T-
M
n 
[m
g/
L]

ATWL-1A
January February March April May June July August September October November December

0.00

0.05

0.10

T-
M
n 
[m
g/
L]

WQ-18
January February March April May June July August September October November December

0.00

0.05

0.10

T-
M
n 
[m
g/
L]

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Manganese (T-Mn)
BC WQG (Max) = 0.9 mg/L
BC WQG (30-day Avg) = 0.75 mg/L

WQ-EC
January Febru.. March April May June July August September October November Decemb..

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

0.050

T-
M
n 
[m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Total Molybdenum (T-Mo)
BC WQG (Max) = 2 mg/L
BC WQG (30-day Avg) = 1 mg/L

WQ-TSP
January February March April May June July August September October November December

0.00

0.05

0.10

T-
M
o 
[m
g/
L]

WQ-SRP
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

T-
M
o 
[m
g/
L]

WQ-SRPW
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

T-
M
o 
[m
g/
L]

Year of Date
1998

1999

2003

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Molybdenum (T-Mo)
BC WQG (Max) = 2 mg/L
BC WQG (30-day Avg) = 1 mg/L

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.000

0.001

0.002

T-
M
o 
[m
g/
L]

WQ-BXL
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

T-
M
o 
[m
g/
L]

WQ-PIT
January February March April May June July August September October November December

0.00

0.05

0.10

T-
M
o 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Molybdenum (T-Mo)
BC WQG (Max) = 2 mg/L
BC WQG (30-day Avg) = 1 mg/L

WR-S4
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

T-
M
o 
[m
g/
L]

WQ-WCSP
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

0.020

T-
M
o 
[m
g/
L]

WQ-SDDI
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

0.004

0.005

T-
M
o 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Molybdenum (T-Mo)
BC WQG (Max) = 2 mg/L
BC WQG (30-day Avg) = 1 mg/L

WQ-24
January February March April May June July August September October November December

0.000

0.002

0.004

T-
M
o 
[m
g/
L]

WQ-25
January February March April May June July August September October November December

0.00

0.05

0.10

T-
M
o 
[m
g/
L]

WQ-04
January February March April May June July August September October November December

0.000

0.001

0.002

T-
M
o 
[m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Molybdenum (T-Mo)
BC WQG (Max) = 2 mg/L
BC WQG (30-day Avg) = 1 mg/L

WQ-03
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

T-
M
o 
[m
g/
L]

WQ-01
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

0.04

0.05

T-
M
o 
[m
g/
L]

WQ-13
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

0.004

0.005

T-
M
o 
[m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Molybdenum (T-Mo)
BC WQG (Max) = 2 mg/L
BC WQG (30-day Avg) = 1 mg/L

WQ-17
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

0.020

T-
M
o 
[m
g/
L]

WQ-RCb
January February March April May June July August September October November December

0.000

0.005

0.010

T-
M
o 
[m
g/
L]

WQ-14F
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
M
o 
[m
g/
L]

Year of Date
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Molybdenum (T-Mo)
BC WQG (Max) = 2 mg/L
BC WQG (30-day Avg) = 1 mg/L

ATWL-1
January February March April May June July August September October November December

0.000

0.005

0.010

T-
M
o 
[m
g/
L]

ATWL-1A
January February March April May June July August September October November December

0.000

0.002

0.004

0.006

0.008

T-
M
o 
[m
g/
L]

WQ-18
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

T-
M
o 
[m
g/
L]

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Molybdenum (T-Mo)
BC WQG (Max) = 2 mg/L
BC WQG (30-day Avg) = 1 mg/L

WQ-EC
January Febru.. March April May June July August September October November Decemb..

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

0.0035

0.0040

T-
M
o 
[m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Total Nickel (T-Ni)

WQ-TSP
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

T-
N
i [
m
g/
L]

WQ-SRP
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

T-
N
i [
m
g/
L]

WQ-SRPW
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

T-
N
i [
m
g/
L]

Year of Date
1998

1999

2003

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Nickel (T-Ni)

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
N
i [
m
g/
L]

WQ-BXL
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

0.020

T-
N
i [
m
g/
L]

WQ-PIT
January February March April May June July August September October November December

0.000

0.002

0.004

T-
N
i [
m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Nickel (T-Ni)

WR-S4
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

T-
N
i [
m
g/
L]

WQ-WCSP
January February March April May June July August September October November December

0.000

0.002

0.004

0.006

0.008

T-
N
i [
m
g/
L]

WQ-SDDI
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
N
i [
m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Nickel (T-Ni)

WQ-24
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

T-
N
i [
m
g/
L]

WQ-25
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

0.004

0.005

T-
N
i [
m
g/
L]

WQ-04
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
N
i [
m
g/
L]

Year of Date
1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Nickel (T-Ni)

WQ-03
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
N
i [
m
g/
L]

WQ-01
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
N
i [
m
g/
L]

WQ-13
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
N
i [
m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Nickel (T-Ni)

WQ-17
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
N
i [
m
g/
L]

WQ-RCb
January February March April May June July August September October NovemberDecember

0.0000

0.0005

0.0010

0.0015

0.0020

T-
N
i [
m
g/
L]

WQ-14F
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
N
i [
m
g/
L]

Year of Date
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Nickel (T-Ni)

ATWL-1
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
N
i [
m
g/
L]

ATWL-1A
January February March April May June July August September October November December

0.0000

0.0001

0.0002

0.0003

0.0004

T-
N
i [
m
g/
L]

WQ-18
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
N
i [
m
g/
L]

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Nickel (T-Ni)

WQ-EC
January Febru.. March April May June July August September October November Decemb..

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

0.0035

0.0040

0.0045

0.0050

0.0055

0.0060

T-
N
i [
m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Total Selenium

WQ-TSP
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
S
e 
[m
g/
L]

WQ-SRP
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

0.004

T-
S
e 
[m
g/
L]

WQ-SRPW
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
S
e 
[m
g/
L]

Year of Date
1998

1999

2003

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Selenium

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
e 
[m
g/
L]

WQ-BXL
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
S
e 
[m
g/
L]

WQ-PIT
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

T-
S
e 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Selenium

WR-S4
January February March April May June July August September October November December

0.000

0.020

0.040

0.060

0.080

T-
S
e 
[m
g/
L]

WQ-WCSP
January February March April May June July August September October November December

0.000

0.050

0.100

0.150

0.200

T-
S
e 
[m
g/
L]

WQ-SDDI
January February March April May June July August September October November December

0.000

0.002

0.004

0.006

T-
S
e 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Selenium

WQ-24
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
S
e 
[m
g/
L]

WQ-25
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

T-
S
e 
[m
g/
L]

BC WQGBC WQGBC WQG

WQ-04
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
e 
[m
g/
L]

Year of Date
1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Selenium

WQ-03
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
S
e 
[m
g/
L]

BC WQGBC WQGBC WQG

WQ-01
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
S
e 
[m
g/
L]

BC WQGBC WQGBC WQG

WQ-13
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

T-
S
e 
[m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Selenium

WQ-17
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
S
e 
[m
g/
L]

BC WQGBC WQGBC WQG

WQ-RCb
January February March April May June July August September October NovemberDecember
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Kemess Mine
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Kemess Mine
Total Selenium
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Kemess Mine
Total Silver (T-Ag)
BC WQG (Max) = 0.0001 mg/L
BC WQG (30-day Avg) = 0.00005 mg/L
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Kemess Mine
Total Silver (T-Ag)
BC WQG (Max) = 0.0001 mg/L
BC WQG (30-day Avg) = 0.00005 mg/L

WQ-23 & WQ-23A
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Kemess Mine
Total Silver (T-Ag)
BC WQG (Max) = 0.0001 mg/L
BC WQG (30-day Avg) = 0.00005 mg/L
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Kemess Mine
Total Silver (T-Ag)
BC WQG (Max) = 0.0001 mg/L
BC WQG (30-day Avg) = 0.00005 mg/L
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Kemess Mine
Total Silver (T-Ag)
BC WQG (Max) = 0.0001 mg/L
BC WQG (30-day Avg) = 0.00005 mg/L

WQ-03
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2014

2015
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Kemess Mine
Total Silver (T-Ag)
BC WQG (Max) = 0.0001 mg/L
BC WQG (30-day Avg) = 0.00005 mg/L

WQ-17
January February March April May June July August September October November December
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Kemess Mine
Total Silver (T-Ag)
BC WQG (Max) = 0.0001 mg/L
BC WQG (30-day Avg) = 0.00005 mg/L
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Kemess Mine
Total Silver (T-Ag)
BC WQG (Max) = 0.0001 mg/L
BC WQG (30-day Avg) = 0.00005 mg/L
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Kemess Mine
Total Thallium (T-Tl)
BC WQG (30-day Avg) = 0.0003 mg/L
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Kemess Mine
Total Thallium (T-Tl)
BC WQG (30-day Avg) = 0.0003 mg/L
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Kemess Mine
Total Thallium (T-Tl)
BC WQG (30-day Avg) = 0.0003 mg/L
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Kemess Mine
Total Thallium (T-Tl)
BC WQG (30-day Avg) = 0.0003 mg/L
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Kemess Mine
Total Thallium (T-Tl)
BC WQG (30-day Avg) = 0.0003 mg/L
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Kemess Mine
Total Thallium (T-Tl)
BC WQG (30-day Avg) = 0.0003 mg/L
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Kemess Mine
Total Thallium (T-Tl)
BC WQG (30-day Avg) = 0.0003 mg/L
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Kemess Mine
Total Thallium (T-Tl)
BC WQG (30-day Avg) = 0.0003 mg/L
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Kemess Mine
Total Uranium (T-U)
BC WQG (Max) = 0.3 mg/L
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Kemess Mine
Total Uranium (T-U)
BC WQG (Max) = 0.3 mg/L
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Kemess Mine
Total Uranium (T-U)
BC WQG (Max) = 0.3 mg/L
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Kemess Mine
Total Uranium (T-U)
BC WQG (Max) = 0.3 mg/L
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Kemess Mine
Total Uranium (T-U)
BC WQG (Max) = 0.3 mg/L
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Kemess Mine
Total Uranium (T-U)
BC WQG (Max) = 0.3 mg/L
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Kemess Mine
Total Uranium (T-U)
BC WQG (Max) = 0.3 mg/L
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January February March April May June July August September October November December

0.0000

0.0001

0.0002

0.0003

0.0004

T-
U
 [m
g/
L]

ATWL-1A
January February March April May June July August September October November December

0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

T-
U
 [m
g/
L]

WQ-18
January February March April May June July August September October November December

0.0000

0.0001

0.0002

0.0003

T-
U
 [m
g/
L]

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Uranium (T-U)
BC WQG (Max) = 0.3 mg/L
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Kemess Mine
Total Vanadium (T-V)
BC WQG (Max) = 0.006 mg/L

WQ-TSP
January February March April May June July August September October November December

0.0000
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0.003

T-
V
 [m
g/
L]

Year of Date
1998

1999

2003

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Vanadium (T-V)
BC WQG (Max) = 0.006 mg/L

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.000
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Kemess Mine
Total Vanadium (T-V)
BC WQG (Max) = 0.006 mg/L

WR-S4
January February March April May June July August September October November December
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Kemess Mine
Total Vanadium (T-V)
BC WQG (Max) = 0.006 mg/L

WQ-24
January February March April May June July August September October November December

0.0000
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WQ-25
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
V
 [m
g/
L]

WQ-04
January February March April May June July August September October November December

0.000

0.001

0.002

T-
V
 [m
g/
L]

Year of Date
1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Vanadium (T-V)
BC WQG (Max) = 0.006 mg/L

WQ-03
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

0.04

T-
V
 [m
g/
L]

WQ-01
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
V
 [m
g/
L]

WQ-13
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
V
 [m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Vanadium (T-V)
BC WQG (Max) = 0.006 mg/L

WQ-17
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
V
 [m
g/
L]

WQ-RCb
January February March April May June July August September October November December

0.000

0.002

0.004

0.006

0.008

0.010

T-
V
 [m
g/
L]

WQ-14F
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

0.004

0.005

T-
V
 [m
g/
L]

Year of Date
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Vanadium (T-V)
BC WQG (Max) = 0.006 mg/L

ATWL-1
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

0.0020

T-
V
 [m
g/
L]

ATWL-1A
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

T-
V
 [m
g/
L]

WQ-18
January February March April May June July August September October November December

0.000

0.001

0.002

T-
V
 [m
g/
L]

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Vanadium (T-V)
BC WQG (Max) = 0.006 mg/L

WQ-EC
January Febru.. March April May June July August September October November Decemb..

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

T-
V
 [m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Total Zinc (T-Zn)
BC WQG (Max) = 0.033 mg/L
BC WQG (30-day Avg) = 0.0075 mg/L

WQ-TSP
January February March April May June July August September October November December

0.000

0.005

0.010

T-
Zn
 [m
g/
L]

WQ-SRP
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

0.004

0.005

T-
Zn
 [m
g/
L]

WQ-SRPW
January February March April May June July August September October November December

0.000

0.005

0.010

T-
Zn
 [m
g/
L]

Year of Date
1998

1999

2003

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Zinc (T-Zn)
BC WQG (Max) = 0.033 mg/L
BC WQG (30-day Avg) = 0.0075 mg/L

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.0

0.2

0.4

T-
Zn
 [m
g/
L]

WQ-BXL
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
Zn
 [m
g/
L]

WQ-PIT
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
Zn
 [m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Zinc (T-Zn)
BC WQG (Max) = 0.033 mg/L
BC WQG (30-day Avg) = 0.0075 mg/L

WR-S4
January February March April May June July August September October November December

0.000

0.002

0.004

0.006

0.008

0.010

T-
Zn
 [m
g/
L]

WQ-WCSP
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

T-
Zn
 [m
g/
L]

WQ-SDDI
January February March April May June July August September October November December

0.000

0.005

0.010

T-
Zn
 [m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Zinc (T-Zn)
BC WQG (Max) = 0.033 mg/L
BC WQG (30-day Avg) = 0.0075 mg/L

WQ-24
January February March April May June July August September October November December

0.000

0.002

0.004

0.006

0.008

T-
Zn
 [m
g/
L]

WQ-25
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

0.04

0.05

T-
Zn
 [m
g/
L]

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)

WQ-04
January February March April May June July August September October November December

0.000

0.001

0.002

0.003

0.004

T-
Zn
 [m
g/
L]

Year of Date
1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Zinc (T-Zn)
BC WQG (Max) = 0.033 mg/L
BC WQG (30-day Avg) = 0.0075 mg/L

WQ-03
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

T-
Zn
 [m
g/
L]

BC WQG (Max)

BC 30-day WQG

BC WQG (Max)

BC 30-day WQG

BC WQG (Max)

BC 30-day WQG

BC WQG (Max)

BC 30-day WQG

BC WQG (Max)

BC 30-day WQG

BC WQG (Max)

BC 30-day WQGBC 30-day WQG

WQ-01
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
Zn
 [m
g/
L]

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)

WQ-13
January February March April May June July August September October November December

0.000

0.005

0.010

T-
Zn
 [m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Zinc (T-Zn)
BC WQG (Max) = 0.033 mg/L
BC WQG (30-day Avg) = 0.0075 mg/L

WQ-17
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

T-
Zn
 [m
g/
L]

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)

BC WQG (Max)

BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)

WQ-RCb
January February March April May June July August September October November December

0.000

0.005

0.010

T-
Zn
 [m
g/
L]

WQ-14F
January February March April May June July August September October November December

0.000

0.005

0.010

T-
Zn
 [m
g/
L]

BC WQG (30-Day)BC WQG (30-Day)BC WQG (30-Day)BC WQG (30-Day)BC WQG (30-Day)BC WQG (30-Day)BC WQG (30-Day)BC WQG (30-Day)

Year of Date
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Zinc (T-Zn)
BC WQG (Max) = 0.033 mg/L
BC WQG (30-day Avg) = 0.0075 mg/L

ATWL-1
January February March April May June July August September October November December

0.000

0.005

0.010

T-
Zn
 [m
g/
L]

ATWL-1A
January February March April May June July August September October November December

0.000

0.005

0.010

T-
Zn
 [m
g/
L]

WQ-18
January February March April May June July August September October November December

0.000

0.005

0.010

0.015

T-
Zn
 [m
g/
L]

BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)BC WQG (30-Day Avg)

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Zinc (T-Zn)
BC WQG (Max) = 0.033 mg/L
BC WQG (30-day Avg) = 0.0075 mg/L

WQ-EC
January Febru.. March April May June July August September October November Decemb..

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

T-
Zn
 [m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Total Tin (T-Sn)

WQ-TSP
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
n 
[m
g/
L]

WQ-SRP
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

T-
S
n 
[m
g/
L]

WQ-SRPW
January February March April May June July August September October November December

0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

T-
S
n 
[m
g/
L]

Year of Date
1998

1999

2003

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Tin (T-Sn)

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

T-
S
n 
[m
g/
L]

WQ-BXL
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
n 
[m
g/
L]

WQ-PIT
January February March April May June July August September October November December

0.0000

0.0002

0.0004

T-
S
n 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Tin (T-Sn)

WR-S4
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

T-
S
n 
[m
g/
L]

WQ-WCSP
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
n 
[m
g/
L]

WQ-SDDI
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
n 
[m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Tin (T-Sn)

WQ-24
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
S
n 
[m
g/
L]

WQ-25
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
S
n 
[m
g/
L]

WQ-04
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

T-
S
n 
[m
g/
L]

Year of Date
1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Tin (T-Sn)

WQ-03
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
n 
[m
g/
L]

WQ-01
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

T-
S
n 
[m
g/
L]

WQ-13
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

T-
S
n 
[m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Tin (T-Sn)

WQ-17
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
n 
[m
g/
L]

WQ-RCb
January February March April May June July August September October November December

0.000

0.005

0.010

T-
S
n 
[m
g/
L]

WQ-14F
January February March April May June July August September October November December

0.0000

0.0005

0.0010

0.0015

T-
S
n 
[m
g/
L]

Year of Date
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Tin (T-Sn)

ATWL-1
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
n 
[m
g/
L]

ATWL-1A
January February March April May June July August September October November December

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

T-
S
n 
[m
g/
L]

WQ-18
January February March April May June July August September October November December

0.0000

0.0005

0.0010

T-
S
n 
[m
g/
L]

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Tin (T-Sn)

WQ-EC
January Febru.. March April May June July August September October November Decemb..

0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

0.0008

0.0009

0.0010

0.0011

0.0012

0.0013

0.0014

0.0015

T-
S
n 
[m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Total Strontium (T-Sr)

WQ-TSP
January February March April May June July August September October November December

0.0

0.2

0.4

0.6

T-
S
r [
m
g/
L]

WQ-SRP
January February March April May June July August September October November December

0.0

0.1

0.2

0.3

0.4

T-
S
r [
m
g/
L]

WQ-SRPW
January February March April May June July August September October November December

0.0

0.1

0.2

T-
S
r [
m
g/
L]

Year of Date
1998

1999

2003

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Strontium (T-Sr)

WQ-23 & WQ-23A
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

T-
S
r [
m
g/
L]

WQ-BXL
January February March April May June July August September October November December

0.0

0.2

0.4

0.6

0.8

T-
S
r [
m
g/
L]

WQ-PIT
January February March April May June July August September October November December

0.0

0.2

0.4

0.6

0.8

T-
S
r [
m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Strontium (T-Sr)

WR-S4
January February March April May June July August September October November December

0.0

0.2

0.4

0.6

0.8

T-
S
r [
m
g/
L]

WQ-WCSP
January February March April May June July August September October November December

0.0

0.2

0.4

0.6

T-
S
r [
m
g/
L]

WQ-SDDI
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

0.08

T-
S
r [
m
g/
L]

Year of Date
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Strontium (T-Sr)

WQ-24
January February March April May June July August September October November December

0.00

0.05

0.10

0.15

T-
S
r [
m
g/
L]

WQ-25
January February March April May June July August September October November December

0.0

0.2

0.4

0.6

T-
S
r [
m
g/
L]

WQ-04
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

0.04

0.05

T-
S
r [
m
g/
L]

Year of Date
1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Strontium (T-Sr)

WQ-03
January February March April May June July August September October November December

0.0

0.1

0.2

0.3

T-
S
r [
m
g/
L]

WQ-01
January February March April May June July August September October November December

0.00

0.05

0.10

0.15

0.20

T-
S
r [
m
g/
L]

WQ-13
January February March April May June July August September October November December

0.00

0.01

0.02

0.03

0.04

0.05

T-
S
r [
m
g/
L]

Year of Date
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Strontium (T-Sr)

WQ-17
January February March April May June July August September October November December

0.00

0.05

0.10

T-
S
r [
m
g/
L]

WQ-RCb
January February March April May June July August September October November December

0.00

0.02

0.04

0.06

T-
S
r [
m
g/
L]

WQ-14F
January February March April May June July August September October November December

0.0

0.2

0.4

0.6

T-
S
r [
m
g/
L]

Year of Date
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Strontium (T-Sr)

ATWL-1
January February March April May June July August September October November December

0.0

0.1

0.2

0.3

T-
S
r [
m
g/
L]

ATWL-1A
January February March April May June July August September October November December

0.0

0.1

0.2

0.3

0.4

T-
S
r [
m
g/
L]

WQ-18
January February March April May June July August September October November December

0.00

0.05

0.10

T-
S
r [
m
g/
L]

Year of Date
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016



Kemess Mine
Total Strontium (T-Sr)

WQ-EC
January Febru.. March April May June July August September October November Decemb..

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

0.12

0.13

0.14

0.15

T-
S
r [
m
g/
L]

Year of Date
2000

2001

2002

2003

2004

2005

2007

2012

2013

2014

2015

2016



Kemess Mine
Total Titanium (T-Ti)

WQ-TSP
January February March April May June July August September October November December

0.000

0.002

0.004

0.006

T-
Ti
 [m
g/
L]

WQ-SRP
January February March April May June July August September October November December

0.000

0.002

0.004

0.006

0.008

0.010

T-
Ti
 [m
g/
L]

WQ-SRPW
January February March April May June July August September October November December
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AuRico Gold Inc—Kemess South Mine 
2016 Water Quality Report 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
Bioassay Results for Acute Toxicity Samples 

 



Project TSP SEDIMENT
Report to AuRico Metals Inc 
Maxxam File No. B667282
Date Received 2016/08/11
Date:

RESULTS OF ANALYSIS

Sample ID TSP1 TSP2 TSP3
Date Sampled 2016/08/07 2016/08/07 2016/08/07
Time Sampled 11:40 11:45 11:50
Maxxam Sample ID PF8304 PF8305 PF8306
Nature

Total Metals
Aluminum (Al)-Total mg/kg 21200 23100 25800
Antimony (Sb)-Total mg/kg 1.04 0.98 1.04
Arsenic (As)-Total mg/kg 8.65 9.06 10.1
Barium (Ba)-Total mg/kg 419 421 425
Beryllium (Be)-Total mg/kg 0.51 0.63 0.59
Bismuth (Bi)-Total mg/kg 0.11 0.1 0.12
Boron (B)-Total - - -
Cadmium (Cd)-Total mg/kg 0.716 0.657 0.75
Calcium (Ca)-Total mg/kg 30300 29300 28900
Chromium (Cr)-Total mg/kg 18.6 20.9 22.5
Cobalt (Co)-Total mg/kg 9.84 10.9 12.1
Copper (Cu)-Total mg/kg 136 131 132
Iron (Fe)-Total mg/kg 31200 32800 33800
Lead (Pb)-Total mg/kg 8.94 9.61 10.9
Lithium (Li)-Total mg/kg 11.3 12.2 13.2
Magnesium (Mg)-Total mg/kg 26000 11000 11800
Manganese (Mn)-Total mg/kg 644 707 734
Molybdenum (Mo)-Total mg/kg 45.8 22.7 24.2
Nickel (Ni)-Total mg/kg 11.5 13.1 14.8
Phosphorus (P)-Total mg/kg 775 789 750
Potassium (K)-Total mg/kg 2850 2770 2900
Selenium (Se)-Total mg/kg 0.58 0.6 <0.50
Silicon (Si)-Total - - -
Silver (Ag)-Total mg/kg 0.204 0.226 0.213
Sodium (Na)-Total mg/kg 1000 365 418
Strontium (Sr)-Total mg/kg 106 106 114
Thallium (Tl)-Total mg/kg 0.195 0.161 0.181
Tin (Sn)-Total mg/kg 0.56 0.55 0.71
Titanium (Ti)-Total mg/kg 638 803 855



Project TSP SEDIMENT
Report to AuRico Metals Inc 
Maxxam File No. B667282
Date Received 2016/08/11
Date:

RESULTS OF ANALYSIS

Sample ID TSP1 TSP2 TSP3
Date Sampled 2016/08/07 2016/08/07 2016/08/07
Time Sampled 11:40 11:45 11:50
Maxxam Sample ID PF8304 PF8305 PF8306
Nature
Uranium (U)-Total mg/kg 1.95 1.21 1.18
Vanadium (V)-Total mg/kg 71 78.1 81.9
Zinc (Zn)-Total mg/kg 90.9 92.9 105

Total Mercury (Hg) mg/kg <0.050 <0.050 <0.050
Total Zirconium (Zr) mg/kg 5.11 5.32 5.76
Soluble (2:1) pH pH 8.13 8.01 7.94
Clay Content % 24 24 28
Gravel % <2.0 <2.0 <2.0
% sand by hydrometer % 21 20 16
% silt by hydrometer % 55 56 57



2016 Waste (Sewage) Treatment Plant Results
Permit Limit

Biochemical Oxygen Demand 45 mg/L
Total Suspended Solids 60 mg/L

Sample Date sampled

Biochemical 
Oxygen 
Demand 
(mg/L)

Total 
Suspended 
Solids (mg/L)

WQ-WTP 9/7/2016 35.7 22.2
WQ-WTP 10/5/2016 28.4 11.3
WQ-WTP 10/11/2016 34.7 33
WQ-WTP 10/18/2016 14 16.7



RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B6B2322

Client Project Name & Number: KEMESS MINE RB @ WQ-14F AND WQ-25

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0% Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 10.9 mg/L

Sample Collected:

Dissolved Oxygen:

Dec 18, 2016 11:47 AMAnalysis Start :

20 L

Dec 13, 2016 02:40 PM

Sample Number:Description: Yellow QG7577-01

Temp.Upon Arrival: 1 °C

Site Collection:

Sample Name : WQ-14F

Regular

Storage: 2-6°C

Sampling Method :

7 °C

7.2

487 µS/cmSample Conductance:

Dec 16, 2016 11:10 AM

N/A

ST

Sample Matrix : Water

00008.76178.0150000100

00008.73657.81500000
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Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

NoneComments :

Rate of Aeration

0.2 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

30 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.20 – 3.90 cm

3.56 ±  0.21 cm

daily: 1-5% biomass of trout.

0.39 ± 0.08 g

0.25 – 0.49 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 1.5%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Dec 12, 2016Test Date:

Probit11.0 (10.0, 12.0)mg/L

Reference chemical: Phenol

Statistical Method :

9.56 (6.21, 14.7) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Jan 03, 2017 03:42 PMVerified By : Date:

Analyst : Arthur Juan Mathias, Aynura Rakhmangulova, Natasha Mouck

Michelle Hospedales, Senior Analyst
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B6B2322

Client Project Name & Number: KEMESS MINE RB @ WQ-14F AND WQ-25

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0% Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 11.8 mg/L

Sample Collected:

Dissolved Oxygen:

Dec 18, 2016 11:47 AMAnalysis Start :

20 L

Dec 13, 2016 10:55 AM

Sample Number:Description: Pale yellow QG7578-01

Temp.Upon Arrival: 1 °C

Site Collection:

Sample Name : WQ-25

Regular

Storage: 2-6°C

Sampling Method :

6 °C

7.6

357 µS/cmSample Conductance:

Dec 16, 2016 11:10 AM

N/A

ST

Sample Matrix : Water

00008.84627.8150000100

00008.63677.81500000

96 hrs96 hrs96 hrs96 hrs96 hrs96 hrs96 hr96 hrs72 hrs72 hrs72 hrs72 hrs % vol/vol

Atypical
Behaviour

(%)

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Dissolved
Oxygen
(mg/L)

Conductivity
(uS/cm)

pH
(pH)

Temperature
(°C)

Atypical
Behaviour

(%)

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

 Concentration

000000009.44527.615100

000000008.53587.9150

48 hrs48 hrs48 hrs48 hrs24 hrs24 hrs24 hrs24 hrsStartStartStartStart % vol/vol

Atypical
Behaviour

(%)

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Atypical
Behaviour

(%)

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Dissolved
Oxygen
(mg/L)

Conductivity
(uS/cm)

pH
(pH)

Temperature
(°C)

 Concentration

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

NoneComments :

Rate of Aeration

0.2 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

30 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.40 – 3.90 cm

3.54 ±  0.16 cm

daily: 1-5% biomass of trout.

0.38 ± 0.06 g

0.31 – 0.50 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 1.5%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Dec 12, 2016Test Date:

Probit11.0 (10.0, 12.0)mg/L

Reference chemical: Phenol

Statistical Method :

9.56 (6.21, 14.7) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Jan 03, 2017 03:42 PMVerified By : Date:

Analyst : Arthur Juan Mathias, Aynura Rakhmangulova, Natasha Mouck

Michelle Hospedales, Senior Analyst
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maxxam.ca  MAXXAM ANALYTICS 

4606 Canada Way 

Burnaby, BC  V5G 1K5 

Office  604 734 7276 

Toll  Free  800 665 8566 

Fax  604 731 2386 

CERIODAPHNIA DUBIA TOXICITY TEST  

ON WQ‐14F AND WQ‐25 SAMPLES 

FOR AURICO METALS INC.  

SAMPLING PERIOD:  

JANUARY 12, 2016 
 

Prepared for: 

AuRico Metals Inc. 
Box 3519 
Smithers, BC 
V0J 2N0 
 

Prepared by: 

Ecotoxicology Group 
Maxxam Analytics 

Project No.: 2‐11‐0691 
Job No.: B603229 
January 2016 

 



  

 

Summary of Test Results for Samples from  
AuRico Metals Inc. 

Sample Date: January 12, 2016 

 

Survival  Reproduction 
Sample ID 

LC25 (%v/v)   LC50 (%v/v)   IC25 (%v/v)  IC50 (%v/v) 

WQ‐14F  >100 (NA)  >100 (NA)  >100 (NA)  >100 (NA) 

WQ‐25  >100 (N/A)  >100 (NA)  >100 (NA)  >100 (NA) 

 95% confidence limits in parenthesis 



 

 

Ceriodaphnia dubia Test Data Summary 

Client Name/Location  AuRico Metals Inc.‐ Kemess Mine / Smithers, BC 

Testing Lab/Location  Maxxam Analytics / Burnaby, BC 

Collection Approach  1 effluent grab sample split into 4 sub‐samples 

Test Type  Static‐renewal 

Effluent Sample   

Sample name  WQ‐14F 

Information on labelling/coding  See Chain of Custody form 

Sample collection date (y/m/d)  2016/Jan/12 

Date (y/m/d)/time of sample receipt at lab  2016/Jan/15 @ 11:35 

Test Organisms   

Species   Ceriodaphnia dubia 

Source  In house culture started from organisms obtained from 
Aquatic Biosystems Inc., Fort Collins. 

Age at start of test  <24 hours old; within 12 hours of each other 

Unusual appearance, behaviour or 
treatment of test organisms, before use in 
test 

None   

Mean percent mortality of brood in 7d 
preceding test 

The mean percent mortality was 0%. See 
“Ceriodaphnia dubia, Culture Health ‐ Mortality and 
Mean Neonates” 

Mean number of surviving young produced 
per adult in culture during the first 3 broods 

The mean number of surviving young was 23.7. See 
“Ceriodaphnia dubia, Culture Health ‐ Mortality and 
Mean Neonates” 

Number of young produced in the 3rd or 
subsequent brood 

See “Ceriodaphnia dubia ‐ Clearing Records  

Ephippia in the culture  No Ephippia present 

Test Conditions & Facilities   

Test method  EPS 1/RM/21, 2nd Ed., February 2007 
BBY2SOP‐00001 Ceriodaphnia dubia Chronic Survival 
and Reproduction Test 

Dates or days when subsamples used  See “Initial Measurements and Observations” sheet 

Date test started (y/m/d)   2016/Jan/15 

Date (y/m/d) of test completion  2016/Jan/21 

Test vessels  20 mL glass culture tubes 

Persons performing test  D. Lai, M. Thompson, T. Wollelo, D. Greschner, N. 
Shergill, M. O’Toole, A. Cote 
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Rate of preaeration   Minimal and controlled (100 bubbles/min. per 500ml 
of effluent) 

Duration of preaeration   See “Initial Measurements and Observations” sheet 

Rate/duration of aeration during test  No aeration 

Procedure for pH adjustment   No pH adjustment of sample 

Procedure for filtration   The sample was not filtered 

Source of control/dilution water & quantity 
of chemicals added  

Type I deionized water hardened to 80‐100 mg/L 
CaCO3 with 20% Perrier water, Vitamin B12 & Selenium 

Number and concentration of test solutions  7 conc. (100, 50, 25, 12.5, 6.25, 3.13, and 1.56% v/v) 
plus control  

Volume and depth of solution in test vessels  15 mL & 9 cm 

Number of replicates per conc.  10 

Number of organisms per test vessel  1 

DO & pH of sample just before its use  See “Initial Measurements and Observations” sheet 

Temperature, DO, & pH of test solutions 
and controls 

See daily water quality for each concentration on 
"Observations & Measurement Data sheet" 

Test solution renewal intervals  See “Initial Measurements and Observations” sheet 

Anything unusual about the test, deviations 
from test method, or problems 

There was nothing unusual about the test, no 
deviations from the test method, and no problems with 
this test. 

Results  Results contained in this report refer only to the 
testing of samples as submitted. 

Survival endpoint statistics   

Name & citation of program(s) and methods 
used for calculating statistical endpoint(s) 

CETIS v1.8.7.16 – Linear Interpolation (ICPIN) 

Mean percent survival for 1st generation in 
each test solution at test end 

See CETIS reports for mean percent survival 

Reproduction endpoint statistics   

Name & citation of program(s) and methods 
used for calculating statistical endpoint(s) 

CETIS v1.8.7.16 – Linear Interpolation (ICPIN) 

Mean number of neonates in each test 
solution at test end 

See CETIS reports for mean numbers 

Weighting techniques applied?  N/A 

Residuals Analysis  N/A 

Outliers?  Yes, an outlier was detected, however it was not 
removed from the statistical analysis for reproduction.  
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QA   

Did the test pass the test validity criteria of:  

Mean mortality of the control adults is 
≤20% 

Average of ≥15 neonates/surviving adult in 
the control 

3 broods produced by ≥60% of control 
organisms by the end of the 8th day. 

Yes 
 
Mean mortality of control adults is – 0% 
 
Average live young produced/surviving adult – 21.6 
 
Percent of control organisms producing 3 broods – 
80%   

Reference toxicant test LC50 (95% CL) (mg 
NaCl/L) for survival 

1928 (1620, 2334) 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for survival 

1795 
2SD (1534 – 2102) 

Reference toxicant test IC50 (95% CL) (mg 
NaCl/L) for reproduction 

1609 (1439, 1687) 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for reproduction 

1553 
2SD (1321 ‐ 1826) 

Invalid Reference toxicant test?  No 

Date of reference toxicant test (y/m/d) and 
duration 

2016/Jan/05 
6 days 

Conditions of reference toxicant test  Same as test conditions 

 





























 

 

Ceriodaphnia dubia Test Data Summary 

Client Name/Location  AuRico Metals Inc.‐ Kemess Mine / Smithers, BC 

Testing Lab/Location  Maxxam Analytics / Burnaby, BC 

Collection Approach  1 effluent grab sample split into 4 sub‐samples 

Test Type  Static‐renewal 

Effluent Sample   

Sample name  WQ‐25 

Information on labelling/coding  See Chain of Custody form 

Sample collection date (y/m/d)  2016/Jan/12 

Date (y/m/d)/time of sample receipt at lab  2016/Jan/15 @ 11:35 

Test Organisms   

Species   Ceriodaphnia dubia 

Source  In house culture started from organisms obtained from 
Aquatic Biosystems Inc., Fort Collins. 

Age at start of test  <24 hours old; within 12 hours of each other 

Unusual appearance, behaviour or 
treatment of test organisms, before use in 
test 

None   

Mean percent mortality of brood in 7d 
preceding test 

The mean percent mortality was 0%. See 
“Ceriodaphnia dubia, Culture Health ‐ Mortality and 
Mean Neonates” 

Mean number of surviving young produced 
per adult in culture during the first 3 broods 

The mean number of surviving young was 23.7. See 
“Ceriodaphnia dubia, Culture Health ‐ Mortality and 
Mean Neonates” 

Number of young produced in the 3rd or 
subsequent brood 

See “Ceriodaphnia dubia ‐ Clearing Records  

Ephippia in the culture  No Ephippia present 

Test Conditions & Facilities   

Test method  EPS 1/RM/21, 2nd Ed., February 2007 
BBY2SOP‐00001 Ceriodaphnia dubia Chronic Survival 
and Reproduction Test 

Dates or days when subsamples used  See “Initial Measurements and Observations” sheet 

Date test started (y/m/d)   2016/Jan/15 

Date (y/m/d) of test completion  2016/Jan/21 

Test vessels  20 mL glass culture tubes 

Persons performing test  D. Lai, M. Thompson, T. Wollelo, D. Greschner, N. 
Shergill, M. O’Toole, A. Cote 



Maxxam Analytics ‐  Ceriodaphnia Data Summary   2

Rate of preaeration   Minimal and controlled (100 bubbles/min. per 500ml 
of effluent) 

Duration of preaeration   See “Initial Measurements and Observations” sheet 

Rate/duration of aeration during test  No aeration 

Procedure for pH adjustment   No pH adjustment of sample 

Procedure for filtration   The sample was not filtered 

Source of control/dilution water & quantity 
of chemicals added  

Type I deionized water hardened to 80‐100 mg/L 
CaCO3 with 20% Perrier water, Vitamin B12 & Selenium 

Number and concentration of test solutions  7 conc. (100, 50, 25, 12.5, 6.25, 3.13, and 1.56% v/v) 
plus control  

Volume and depth of solution in test vessels  15 mL & 9 cm 

Number of replicates per conc.  10 

Number of organisms per test vessel  1 

DO & pH of sample just before its use  See “Initial Measurements and Observations” sheet 

Temperature, DO, & pH of test solutions 
and controls 

See daily water quality for each concentration on 
"Observations & Measurement Data sheet" 

Test solution renewal intervals  See “Initial Measurements and Observations” sheet 

Anything unusual about the test, deviations 
from test method, or problems 

One adult ceriodaphnid was removed from replicate 2 
of the 3.13 %v/v concentration on day 3.  This organism 
was removed from the statistical analysis for survival 
and reproduction.  

There was nothing else unusual about the test, no other 
deviations from the test method, and no other 
problems with this test. 

Results  Results contained in this report refer only to the 
testing of samples as submitted. 

Survival endpoint statistics   

Name & citation of program(s) and methods 
used for calculating statistical endpoint(s) 

CETIS v1.8.7.16 – Linear Interpolation (ICPIN) 

Mean percent survival for 1st generation in 
each test solution at test end 

See CETIS reports for mean percent survival 

Reproduction endpoint statistics   

Name & citation of program(s) and methods 
used for calculating statistical endpoint(s) 

CETIS v1.8.7.16 – Linear Interpolation (ICPIN) 

Mean number of neonates in each test 
solution at test end 

See CETIS reports for mean numbers 

Weighting techniques applied?  N/A 

Residuals Analysis  N/A 

Outliers?  No  
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QA   

Did the test pass the test validity criteria of:  

Mean mortality of the control adults is 
≤20% 

Average of ≥15 neonates/surviving adult in 
the control 

3 broods produced by ≥60% of control 
organisms by the end of the 8th day. 

Yes 
 
Mean mortality of control adults is – 0% 
 
Average live young produced/surviving adult – 24.5 
 
Percent of control organisms producing 3 broods – 
100%   

Reference toxicant test LC50 (95% CL) (mg 
NaCl/L) for survival 

1928 (1620, 2334) 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for survival 

1795 
2SD (1534 – 2102) 

Reference toxicant test IC50 (95% CL) (mg 
NaCl/L) for reproduction 

1609 (1439, 1687) 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for reproduction 

1553 
2SD (1321 ‐ 1826) 

Invalid Reference toxicant test?  No 

Date of reference toxicant test (y/m/d) and 
duration 

2016/Jan/05 
6 days 

Conditions of reference toxicant test  Same as test conditions 

 







































RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B610374

Client Project Name & Number: KEMESS MINE

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0% (N/A) Visual96 hrs Mortality % (95% CL):

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 11.4 mg/L

Sample Collected:

Dissolved Oxygen:

Feb 12, 2016 01:30 PMAnalysis Start :

2 x 20CB

Feb 09, 2016

Sample Number:Description: light green/yellow, clear OC4495-01

Temp.Upon Arrival: 2 °C

Site Collection:

Sample Name : WQ-14F

Grab

Storage: 1-7 °C

Sampling Method :

14.6 °C

7.2

571 µS/cmSample Conductance:

Feb 11, 2016 10:40 AM

N/A

ST

0005677.98.19.59.914.814.7100

000327.47.39.79.814.814.90

96 hrs96 hrs96 hrsInitial96 hrsInitial96 hrsInitial96 hrsInitial % vol/vol

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Conductivity
(uS/cm)

pHpH
Dissolved
Oxygen
(mg/L)

Dissolved
Oxygen
(mg/L)

Temperature
(°C)

Temperature
(°C)

 Concentration

Other parameters available on request.15 mg/L CaCO3Hardness:

Burnaby Municipal Dechlorinated WaterCulture/Control/Dilution Water

All fish appeared and behaved normally during the test.Comments :

Rate of Pre-aeration :

0.46 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

18 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

20L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

4.00 – 5.40 cm

4.60 ±  0.39 cm

daily: 1-5% biomass of trout.

0.83 ± 0.21 g

0.47 – 1.25 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1L/min/kg fish

% Mortality within 7 days : 0%16:8 (light: dark)

Source : Aqua Farm

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,0.04,0.08,0.16,0.32,0.64 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Feb 05, 2016Test Date:

Probit0.08 (0.04, 0.11)mg/L

Reference chemical: Zinc

Statistical Method :

0.10 (0.05, 0.18) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

Maxxam's BBY2SOP-00004 is based on the latest versions of EPS 1/RM/9, EPS 1/RM/13, and EPS 1/RM/50.Test Method

Method Deviations : None.

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Feb 18, 2016 10:20 AMVerified By : Date:

Analyst : Sheida Rostama

Kimberly Tamaki, Scientist, Ecotoxicology

Page 1 of 1
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B618306

Client Project Name & Number: KEMESS MINE RB@WQ-25

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0% (N/A) Visual96 hrs Mortality % (95% CL):

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 11.0 mg/L

Sample Collected:

Dissolved Oxygen:

Mar 11, 2016 11:30 AMAnalysis Start :

2 x 10CB

Mar 08, 2016 02:40 PM

Sample Number:Description: Clear, colourless OG4337-01

Temp.Upon Arrival: 3 °C

Site Collection:

Sample Name : WQ-25

Grab

Storage: 1-7 °C

Sampling Method :

14.3 °C

7.9

465 µS/cmSample Conductance:

Mar 10, 2016 02:50 PM

N/A

Shawn Tomah

0004658.17.99.910.214.614.4100

000367.47.59.710.014.714.80

96 hrs96 hrs96 hrsInitial96 hrsInitial96 hrsInitial96 hrsInitial % vol/vol

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Conductivity
(uS/cm)

pHpH
Dissolved
Oxygen
(mg/L)

Dissolved
Oxygen
(mg/L)

Temperature
(°C)

Temperature
(°C)

 Concentration

Other parameters available on request.18 mg/L CaCO3Hardness:

Burnaby Municipal Dechlorinated WaterCulture/Control/Dilution Water

All fish appeared and behaved normally during the test.Comments :

Rate of Pre-aeration :

0.41 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

18 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

60 min.

20L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

4.30 – 4.90 cm

4.56 ±  0.17 cm

daily: 1-5% biomass of trout.

0.74 ± 0.09 g

0.59 – 0.93 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1L/min/kg fish

% Mortality within 7 days : 0%16:8 (light: dark)

Source : Aqua Farm

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,0.04,0.08,0.16,0.32,0.64 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Mar 02, 2016Test Date:

Probit0.20 (0.15, 0.26)mg/L

Reference chemical: Zinc

Statistical Method :

0.10 (0.05, 0.19) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

Maxxam's BBY2SOP-00004 is based on the latest versions of EPS 1/RM/9, EPS 1/RM/13, and EPS 1/RM/50.Test Method

Method Deviations : None.

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Mar 17, 2016 11:48 AMVerified By : Date:

Analyst : Gurjit Matharu

Kimberly Tamaki, Scientist, Ecotoxicology

Page 1 of 1
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B629904

Client Project Name & Number: KEMESS MINE RB @ WQ-14F

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0% (N/A) Visual96 hrs Mortality % (95% CL):

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 11.3 mg/L

Sample Collected:

Dissolved Oxygen:

Apr 22, 2016 05:50 PMAnalysis Start :

2 x 10CB

Apr 20, 2016 08:15 AM

Sample Number:Description: light yellow, clear OM4401-01

Temp.Upon Arrival: 4 °C

Site Collection:

Sample Name : WQ-14F

Regular

Storage: 1-7 °C

Sampling Method :

14.3 °C

7.9

296 µS/cmSample Conductance:

Apr 21, 2016 11:30 AM

N/A

Katherine Atherton

0002967.78.19.010.314.014.3100

000427.28.19.210.214.014.70

96 hrs96 hrs96 hrsInitial96 hrsInitial96 hrsInitial96 hrsInitial % vol/vol

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Conductivity
(uS/cm)

pHpH
Dissolved
Oxygen
(mg/L)

Dissolved
Oxygen
(mg/L)

Temperature
(°C)

Temperature
(°C)

 Concentration

Other parameters available on request.18 mg/L CaCO3Hardness:

Burnaby Municipal Dechlorinated WaterCulture/Control/Dilution Water

All fish appeared and behaved normally during the test.Comments :

Rate of Pre-aeration :

0.45 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

40L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

4.00 – 5.40 cm

4.69 ±  0.35 cm

daily: 1-5% biomass of trout.

0.89 ± 0.22 g

0.51 – 1.45 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1L/min/kg fish

% Mortality within 7 days : 0.11%16:8 (light: dark)

Source : Aqua Farm

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,0.04,0.08,0.16,0.32,0.64 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Apr 12, 2016Test Date:

Probit0.11 (0.08, 0.15)mg/L

Reference chemical: Zinc

Statistical Method :

0.10 (0.05, 0.20) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

Maxxam's BBY2SOP-00004 is based on the latest versions of EPS 1/RM/9, EPS 1/RM/13, and EPS 1/RM/50.Test Method

Method Deviations : None.

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Apr 27, 2016 02:53 PMVerified By : Date:

Analyst : Gurjit Matharu

Kimberly Tamaki, Scientist, Ecotoxicology
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B650682

Client Project Name & Number: KEMESS MINE RB @ WQ-14F AND WQ-25

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 9.5 mg/L

Sample Collected:

Dissolved Oxygen:

Jun 23, 2016 03:54 PMAnalysis Start :

2 x 10CB

Jun 21, 2016 01:40 PM

Sample Number:Description: light brown OW9193-01

Temp.Upon Arrival: 4 °C

Site Collection:

Sample Name : WQ-14F

Grab

Storage: 2-6°C

Sampling Method :

16 °C

7.9

382 µS/cmSample Conductance:

Jun 23, 2016 11:05 AM

N/A

Shawn Tomah

0003848.07.99.79.61516100

000387.17.59.910.315150

96 hrs96 hrs96 hrsInitial96 hrsInitial96 hrsInitial96 hrsInitial % vol/vol

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Conductivity
(uS/cm)

pHpH
Dissolved
Oxygen
(mg/L)

Dissolved
Oxygen
(mg/L)

Temperature
(°C)

Temperature
(°C)

 Concentration

Other parameters available on request.20 mg/L CaCO3Hardness:

Burnaby Municipal Dechlorinated WaterCulture/Control/Dilution Water

All fish appeared and behaved normally during the test.Comments :

Rate of Aeration

0.4 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

18 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

30 min.

20L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

4.30 – 4.70 cm

4.46 ±  0.14 cm

daily: 1-5% biomass of trout.

0.75 ± 0.09 g

0.66 – 0.90 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1L/min/kg fish

% Mortality within 7 days : 0.23%16:8 (light: dark)

Source : Aqua Farm

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,0.04,0.08,0.16,0.32,0.64 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Jun 13, 2016Test Date:

Probit0.07 (0.05, 0.10)mg/L

Reference chemical: Zinc

Statistical Method :

0.10 (0.04, 0.23) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

Maxxam's BBY2SOP-00004 is based on the latest versions of EPS 1/RM/9, EPS 1/RM/13, and EPS 1/RM/50.Test Method

Method Deviations : None.

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Jun 28, 2016 02:52 PMVerified By : Date:

Analyst : Michael Brassil

Kimberly Tamaki, Scientist, Ecotoxicology
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B650682

Client Project Name & Number: KEMESS MINE RB @ WQ-14F AND WQ-25

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 9.9 mg/L

Sample Collected:

Dissolved Oxygen:

Jun 23, 2016 03:54 PMAnalysis Start :

2 x 10CB

Jun 21, 2016 02:20 PM

Sample Number:Description: clear, colourless OW9194-01

Temp.Upon Arrival: 4 °C

Site Collection:

Sample Name : WQ-25

Grab

Storage: 2-6°C

Sampling Method :

15 °C

7.8

273 µS/cmSample Conductance:

Jun 23, 2016 11:05 AM

N/A

Shawn Tomah

0002747.67.89.89.91515100

000387.27.59.910.315150

96 hrs96 hrs96 hrsInitial96 hrsInitial96 hrsInitial96 hrsInitial % vol/vol

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Conductivity
(uS/cm)

pHpH
Dissolved
Oxygen
(mg/L)

Dissolved
Oxygen
(mg/L)

Temperature
(°C)

Temperature
(°C)

 Concentration

Other parameters available on request.20 mg/L CaCO3Hardness:

Burnaby Municipal Dechlorinated WaterCulture/Control/Dilution Water

All fish appeared and behaved normally during the test.Comments :

Rate of Aeration

0.4 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

18 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

30 min.

20L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.80 – 5.00 cm

4.47 ±  0.36 cm

daily: 1-5% biomass of trout.

0.72 ± 0.18 g

0.42 – 0.95 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1L/min/kg fish

% Mortality within 7 days : 0.23%16:8 (light: dark)

Source : Aqua Farm

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,0.04,0.08,0.16,0.32,0.64 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Jun 13, 2016Test Date:

Probit0.07 (0.05, 0.10)mg/L

Reference chemical: Zinc

Statistical Method :

0.10 (0.04, 0.23) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

Maxxam's BBY2SOP-00004 is based on the latest versions of EPS 1/RM/9, EPS 1/RM/13, and EPS 1/RM/50.Test Method

Method Deviations : None.

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Jun 28, 2016 02:54 PMVerified By : Date:

Analyst : Michael Brassil

Kimberly Tamaki, Scientist, Ecotoxicology
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maxxam.ca  MAXXAM ANALYTICS 

4606 Canada Way 

Burnaby, BC  V5G 1K5 

Office  604 734 7276 

Toll  Free  800 665 8566 

Fax  604 731 2386 

CERIODAPHNIA DUBIA TOXICITY TEST  

ON WQ‐14F AND WQ‐25 SAMPLES 

FOR AURICO METALS INC.  

SAMPLING PERIOD:  

JULY 19, 2016 
 

Prepared for: 

AuRico Metals Inc. 
Box 3519 
Smithers, BC 
V0J 2N0 
 

Prepared by: 

Ecotoxicology Group 
Maxxam Analytics 

Project No.: 2‐11‐0691 
Job No.: B659960 
August 2016 

 



  

 

Summary of Test Results for Samples from  
AuRico Metals Inc. 

Sample Date: July 19, 2016 

Job B659960 

Sample ID (sample ID) 
Survival  Reproduction 

LC25 (%v/v)   LC50 (%v/v)   IC25 (%v/v)  IC50 (%v/v) 

WQ‐14F (PB7413)  >100 (NA)  >100 (NA)  >100 (NA)  >100 (NA) 

WQ‐25 (PB7414)                                >100 (N/A)  >100 (NA)  >100 (NA)  >100 (NA) 

 95% confidence limits in parenthesis 



 

 

Ceriodaphnia dubia Test Data Summary 

Client Name/Location  AuRico Metals Inc.‐ Kemess Mine / Smithers, BC 

Testing Lab/Location  Maxxam Analytics / Burnaby, BC 

Collection Approach  1 effluent grab sample split into 4 sub‐samples 

Test Type  Static‐renewal 

Effluent Sample   

Sample name  WQ‐14F, and WQ‐25 

Information on labelling/coding  See Chain of Custody form 

Sample collection date (y/m/d)  2016/Jul/19 

Date (y/m/d)/time of sample receipt at lab  2016/Jul/21 @ 11:35 

Test Organisms   

Species   Ceriodaphnia dubia 

Source  In house culture started from organisms obtained from 
Aquatic Biosystems Inc., Fort Collins. 

Age at start of test  <24 hours old; within 12 hours of each other 

Unusual appearance, behaviour or 
treatment of test organisms, before use in 
test 

None   

Mean percent mortality of brood in 7d 
preceding test 

The mean percent mortality was 2.90%. See 
“Ceriodaphnia dubia, Culture Health ‐ Mortality and 
Mean Neonates” 

Mean number of surviving young produced 
per adult in culture during the first 3 broods 

The mean number of surviving young was 28. See 
“Ceriodaphnia dubia, Culture Health ‐ Mortality and 
Mean Neonates” 

Number of young produced in the 3rd or 
subsequent brood 

See “Ceriodaphnia dubia ‐ Clearing Records  

Ephippia in the culture  No Ephippia present 

Test Conditions & Facilities   

Test method  EPS 1/RM/21, 2nd Ed., February 2007 
BBY2SOP‐00001 Ceriodaphnia dubia Chronic Survival 
and Reproduction Test 

Dates or days when subsamples used  See “Initial Measurements and Observations” sheet 

Date test started (y/m/d)   2016/Jul/22 

Date (y/m/d) of test completion  WQ‐14F ‐ 2016/Jul/29 

WQ‐25 ‐ 2016/Jul/28 

Test vessels  20 mL glass culture tubes 



Maxxam Analytics ‐  Ceriodaphnia Data Summary   2

Persons performing test  K. Tamaki, G. Matharu, M. Brassil, N. Shergill, T. 
Wollelo, N. Blassnitz, S. Rostama, M. Thompson 

Rate of preaeration   Minimal and controlled (100 bubbles/min) 

Duration of preaeration   See “Initial Measurements and Observations” sheet 

Rate/duration of aeration during test  No aeration 

Procedure for pH adjustment   No pH adjustment of sample 

Procedure for filtration   The sample was not filtered 

Source of control/dilution water & quantity 
of chemicals added  

Type I deionized water hardened to 80‐100 mg/L 
CaCO3 with 20% Perrier water, Vitamin B12 & Selenium 

Number and concentration of test solutions  7 conc. (100, 50, 25, 12.5, 6.25, 3.13, and 1.56% v/v) 
plus control  

Volume and depth of solution in test vessels  15 mL & 9 cm 

Number of replicates per conc.  10 

Number of organisms per test vessel  1 

DO & pH of sample just before its use  See “Initial Measurements and Observations” sheet 

Temperature, DO, & pH of test solutions 
and controls 

See daily water quality for each concentration on 
"Observations & Measurement Data sheet" 

Test solution renewal intervals  See “Initial Measurements and Observations” sheet 

Test observations and/or deviations from 
test method and standard practices 

None 

Results  Results contained in this report refer only to the 
testing of samples as submitted. 

Survival endpoint statistics   

Name & citation of program(s) and methods 
used for calculating statistical endpoint(s) 

CETIS v1.9.2.4 – Linear Interpolation (ICPIN) 

Mean percent survival for 1st generation in 
each test solution at test end 

See CETIS reports for mean percent survival 

Reproduction endpoint statistics   

Name & citation of program(s) and methods 
used for calculating statistical endpoint(s) 

CETIS v1.9.2.4– Linear Interpolation (ICPIN) 

Mean number of neonates in each test 
solution at test end 

See CETIS reports for mean numbers 

Weighting techniques applied?  N/A 

Residuals Analysis  N/A 

Outliers?  None  



Maxxam Analytics ‐  Ceriodaphnia Data Summary   3

QA   

Did the test pass the test validity criteria of:  

Mean mortality of the control adults is 
≤20% 

Average of ≥15 neonates/surviving adult in 
the control 

3 broods produced by ≥60% of control 
organisms by the end of the 8th day. 

Yes, for WQ 14‐F, and WQ 25 respectively 

 
Mean mortality of control adults is – 0, and 0% 
 
Average live young produced/surviving adult – 28, 
and 27 
 
Percent of control organisms producing 3 broods – 
80, and 90%   

Reference toxicant test LC50 (95% CL) (mg 
NaCl/L) for survival 

1757 (1595, 1936) 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for survival 

1819 
2SD (1534 – 2157) 

Reference toxicant test IC50 (95% CL) (mg 
NaCl/L) for reproduction 

1594 (1450, 1669) 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for reproduction 

1471 
2SD (1166 ‐ 1857) 

Invalid Reference toxicant test?  No 

Date of reference toxicant test (y/m/d) and 
duration 

2016/Jul/13 
7 days 

Conditions of reference toxicant test  Same as test conditions 

 

































































RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B672664

Client Project Name & Number: KEMES MINE RB @ WQ-14F

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 10.0 mg/L

Sample Collected:

Dissolved Oxygen:

Aug 26, 2016 12:05 PMAnalysis Start :

2 x 10CB

Aug 23, 2016 02:20 PM

Sample Number:Description: clear, light yellow PI9839-01

Temp.Upon Arrival: 5 °C

Site Collection:

Sample Name : WQ-14F

Regular

Storage: 2-6°C

Sampling Method :

15 °C

8.1

459 µS/cmSample Conductance:

Aug 25, 2016 10:25 AM

N/A

Shawn Tomah

0004588.18.19.79.91415100

000457.47.39.910.014150

96 hrs96 hrs96 hrsInitial96 hrsInitial96 hrsInitial96 hrsInitial % vol/vol

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Conductivity
(uS/cm)

pHpH
Dissolved
Oxygen
(mg/L)

Dissolved
Oxygen
(mg/L)

Temperature
(°C)

Temperature
(°C)

 Concentration

Other parameters available on request.22 mg/L CaCO3Hardness:

Burnaby Municipal Dechlorinated WaterCulture/Control/Dilution Water

All fish appeared and behaved normally during the test.Comments :

Rate of Aeration

0.3 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

18 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

30 min.

20L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.10 – 4.30 cm

3.85 ±  0.31 cm

daily: 1-5% biomass of trout.

0.47 ± 0.13 g

0.21 – 0.73 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1L/min/kg fish

% Mortality within 7 days : 0%16:8 (light: dark)

Source : Aqua Farm

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,0.04,0.08,0.16,0.32,0.64 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Aug 11, 2016Test Date:

Untrimmed Spearman-
Kärber

0.09 (0.07, 0.11)mg/L

Reference chemical: Zinc

Statistical Method :

0.10 (0.05, 0.22) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

Maxxam's BBY2SOP-00004 is based on the latest versions of EPS 1/RM/9, EPS 1/RM/13, and EPS 1/RM/50.Test Method

Method Deviations : None.

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Sep 07, 2016 03:46 PMVerified By : Date:

Analyst : Donald Lai

Kimberly Tamaki, Scientist, Ecotoxicology

Page 1 of 1
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B682643

Client Project Name & Number: KEMESS MINE RB@WQ-14F

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 10.4 mg/L

Sample Collected:

Dissolved Oxygen:

Sep 23, 2016 12:40 PMAnalysis Start :

2 x 10CB

Sep 20, 2016 03:00 PM

Sample Number:Description: clear, colourless PO5383-01

Temp.Upon Arrival: 4 °C

Site Collection:

Sample Name : WQ-25

Grab

Storage: 2-6°C

Sampling Method :

14 °C

7.6

324 µS/cmSample Conductance:

Sep 22, 2016 10:00 AM

N/A

Shawn Tomah

0003247.87.69.510.31514100

000457.57.79.610.215140

96 hrs96 hrs96 hrsInitial96 hrsInitial96 hrsInitial96 hrsInitial % vol/vol

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Conductivity
(uS/cm)

pHpH
Dissolved
Oxygen
(mg/L)

Dissolved
Oxygen
(mg/L)

Temperature
(°C)

Temperature
(°C)

 Concentration

Other parameters available on request.23 mg/L CaCO3Hardness:

Burnaby Municipal Dechlorinated WaterCulture/Control/Dilution Water

All fish appeared and behaved normally during the test.Comments :

Rate of Aeration

0.6 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

22 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

30 min.

40L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

4.40 – 5.90 cm

5.12 ±  0.48 cm

daily: 1-5% biomass of trout.

1.31 ± 0.41 g

0.77 – 2.14 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1L/min/kg fish

% Mortality within 7 days : 0%16:8 (light: dark)

Source : Aqua Farm

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,0.04,0.08,0.16,0.32,0.64 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Sep 04, 2016Test Date:

Probit0.12 (0.09, 0.17)mg/L

Reference chemical: Zinc

Statistical Method :

0.10 (0.05, 0.21) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

Maxxam's BBY2SOP-00004 is based on the latest versions of EPS 1/RM/9, EPS 1/RM/13, and EPS 1/RM/50.Test Method

Method Deviations : The fish were larger than expected therefore the loading density was higher than the recommended 0.5 g/L.

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Sep 29, 2016 03:44 PMVerified By : Date:

Analyst : Gurjit Matharu

Kimberly Tamaki, Scientist, Ecotoxicology

Page 1 of 1
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B688239

Client Project Name & Number: KEMESS MINE RB@WQ-14F

Job Number:AuRico Metals Inc 1499Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 11.2 mg/L

Sample Collected:

Dissolved Oxygen:

Oct 07, 2016 02:00 PMAnalysis Start :

2 x 10CB

Oct 04, 2016 09:50 AM

Sample Number:Description: light yellow PS1652-01

Temp.Upon Arrival: 10 °C

Site Collection:

Sample Name : WQ-14F

Grab

Storage: 2-6°C

Sampling Method :

15 °C

8.1

431 µS/cmSample Conductance:

Oct 06, 2016 11:30 AM

N/A

K.WOODS

0004297.78.29.510.41414100

000417.47.79.510.214150

96 hrs96 hrs96 hrsInitial96 hrsInitial96 hrsInitial96 hrsInitial % vol/vol

Atypical
Behaviour

(#)

Mortality
(%)

Mortality
(#)

Conductivity
(uS/cm)

pHpH
Dissolved
Oxygen
(mg/L)

Dissolved
Oxygen
(mg/L)

Temperature
(°C)

Temperature
(°C)

 Concentration

Other parameters available on request.22 mg/L CaCO3Hardness:

Burnaby Municipal Dechlorinated WaterCulture/Control/Dilution Water

All fish appeared and behaved normally during the test.Comments :

Rate of Aeration

0.5 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

19 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

20L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

4.20 – 5.10 cm

4.67 ±  0.29 cm

daily: 1-5% biomass of trout.

0.91 ± 0.20 g

0.60 – 1.19 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1L/min/kg fish

% Mortality within 7 days : 0.37%16:8 (light: dark)

Source : Aqua Farm

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,0.04,0.08,0.16,0.32,0.64 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Sep 20, 2016Test Date:

Probit0.09 (0.07, 0.12)mg/L

Reference chemical: Zinc

Statistical Method :

0.10 (0.05, 0.22) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

Maxxam's BBY2SOP-00004 is based on the latest versions of EPS 1/RM/9, EPS 1/RM/13, and EPS 1/RM/50.Test Method

Method Deviations : None.

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Oct 13, 2016 01:09 PMVerified By : Date:

Analyst : Gurjit Matharu

Kimberly Tamaki, Scientist, Ecotoxicology
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maxxam.ca  MAXXAM ANALYTICS 

4606 Canada Way 

Burnaby, BC  V5G 1K5 

Office  604 734 7276 

Toll  Free  800 665 8566 

Fax  604 731 2386 

CERIODAPHNIA DUBIA TOXICITY TEST  

ON WQ‐14F AND WQ‐25 SAMPLES 

FOR AURICO METALS INC.  

SAMPLING PERIOD:  

OCTOBER 18, 2016 
 

Prepared for: 

AuRico Metals Inc. 
Box 3519 
Smithers, BC 
V0J 2N0 
 

Prepared by: 

Ecotoxicology Group 
Maxxam Analytics 

Project No.: 2‐11‐0691 
Job No.: B692996 
November 2016 

 



  

 

Summary of Test Results for Samples from  
AuRico Metals Inc. 

Sample Date: October 18, 2016 

Job B692996 

Sample ID (sample ID) 
Survival  Reproduction 

LC25 (%v/v)   LC50 (%v/v)   IC25 (%v/v)  IC50 (%v/v) 

WQ‐14F (PU9247)  >100 (NA)  >100 (NA)  >100 (NA)  >100 (NA) 

WQ‐25 (PU9248)  >100 (N/A)  >100 (NA)  >100 (NA)  >100 (NA) 

 95% confidence limits in parenthesis 



 

 

Ceriodaphnia dubia Test Data Summary 

Client Name/Location  AuRico Metals Inc.‐ Kemess Mine / Smithers, BC 

Testing Lab/Location  Maxxam Analytics / Burnaby, BC 

Collection Approach  1 effluent grab sample split into 4 sub‐samples 

Test Type  Static‐renewal 

Effluent Sample   

Sample name  WQ‐14F, and WQ‐25 

Information on labelling/coding  See Chain of Custody form 

Sample collection date (y/m/d)  2016/Oct/18 

Date (y/m/d)/time of sample receipt at lab  2016/Oct/20 @ 10:30 

Test Organisms   

Species   Ceriodaphnia dubia 

Source  In house culture started from organisms obtained from 
Aquatic Biosystems Inc., Fort Collins. 

Age at start of test  <24 hours old; within 12 hours of each other 

Unusual appearance, behaviour or 
treatment of test organisms, before use in 
test 

None   

Mean percent mortality of brood in 7d 
preceding test 

The mean percent mortality was 5.88%. See 
“Ceriodaphnia dubia, Culture Health ‐ Mortality and 
Mean Neonates” 

Mean number of surviving young produced 
per adult in culture during the first 3 broods 

The mean number of surviving young was 30.2. See 
“Ceriodaphnia dubia, Culture Health ‐ Mortality and 
Mean Neonates” 

Number of young produced in the 3rd or 
subsequent brood 

See “Ceriodaphnia dubia ‐ Clearing Records  

Ephippia in the culture  No Ephippia present 

Test Conditions & Facilities   

Test method  EPS 1/RM/21, 2nd Ed., February 2007 
BBY2SOP‐00001 Ceriodaphnia dubia Chronic Survival 
and Reproduction Test 

Dates or days when subsamples used  See “Initial Measurements and Observations” sheet 

Date test started (y/m/d)   2016/Oct/21 

Date (y/m/d) of test completion  2016/Oct/27 

Test vessels  20 mL glass culture tubes 

Persons performing test  M. Thompson, S. Rostama, N. Blassnitz 
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Rate of preaeration   Minimal and controlled (100 bubbles/min) 

Duration of preaeration   See “Initial Measurements and Observations” sheet 

Rate/duration of aeration during test  No aeration 

Procedure for pH adjustment   No pH adjustment of sample 

Procedure for filtration   The sample was not filtered 

Source of control/dilution water & quantity 
of chemicals added  

Type I deionized water hardened to 80‐100 mg/L 
CaCO3 with 20% Perrier water, Vitamin B12 & Selenium 

Number and concentration of test solutions  7 conc. (100, 50, 25, 12.5, 6.25, 3.13, and 1.56% v/v) 
plus control  

Volume and depth of solution in test vessels  15 mL & 9 cm 

Number of replicates per conc.  10 

Number of organisms per test vessel  1 

DO & pH of sample just before its use  See “Initial Measurements and Observations” sheet 

Temperature, DO, & pH of test solutions 
and controls 

See daily water quality for each concentration on 
"Observations & Measurement Data sheet" 

Test solution renewal intervals  See “Initial Measurements and Observations” sheet 

Test observations and/or deviations from 
test method and standard practices 

A mechanical failure of the refrigeration unit in our 
cold storage room occurred between October 21‐23, 
2016. During this period, days 4, 5, and 6 renewal 
aliquots were impacted. By Sunday morning, our cold 
room reached a temperature of 13oC, which is outside 
the required storage temperature range of 2‐6oC. It is 
estimated that the sample temperature was out of 
compliance for approximately 24‐48 hours. By Sunday 
afternoon, the refrigeration unit was fixed and the 
temperature was back within specification. It is likely 
the impact to sample quality was minimal. 

Results  Results contained in this report refer only to the 
testing of samples as submitted. 

Survival endpoint statistics   

Name & citation of program(s) and methods 
used for calculating statistical endpoint(s) 

CETIS v1.9.2.4 – Linear Interpolation (ICPIN) 

Mean percent survival for 1st generation in 
each test solution at test end 

See CETIS reports for mean percent survival 

Reproduction endpoint statistics   

Name & citation of program(s) and methods 
used for calculating statistical endpoint(s) 

CETIS v1.9.2.4– Linear Interpolation (ICPIN) 

Mean number of neonates in each test 
solution at test end 

See CETIS reports for mean numbers 

Weighting techniques applied?  N/A 

Residuals Analysis  N/A 
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Outliers?  No outliers detected 

QA   

Did the test pass the test validity criteria of:  

Mean mortality of the control adults is 
≤20% 

Average of ≥15 neonates/surviving adult in 
the control 

3 broods produced by ≥60% of control 
organisms by the end of the 8th day. 

Yes, for WQ 14‐F, and WQ 25 respectively 

 
Mean mortality of control adults is – 0, and 0% 
 
Average live young produced/surviving adult – 24, 
and 25 
 
Percent of control organisms producing 3 broods – 
80, and 100%   

Reference toxicant test LC50 (95% CL) (mg 
NaCl/L) for survival 

1757 (1595, 1936) 

 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for survival 

1755 

2SD (1497, 2057) 

Reference toxicant test IC50 (95% CL) (mg 
NaCl/L) for reproduction 

1568 (1456, 1633) 

 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for reproduction 

1425 

2SD (1119, 1815) 

Invalid Reference toxicant test?  No 

Date of reference toxicant test (y/m/d) and 
duration 

2016 October 19 
6 days 

Conditions of reference toxicant test  Same as test conditions 

 

































































AuRico Gold Inc—Kemess South Mine 
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APPENDIX F 
Spill Reports 

 



Attention: Non-compliance Report for Authorization PE15335 Seepage Recycle Pond bypass due to 
pump failure  
 
Date of Non-compliance: 2016-02-13 10:00  
 
Location of Non-compliance [address, long. & lat.]:  1076 Main Street, Suite 2, PO Box 3519, 
Smithers, BC V0J 2N0 
126°41'23.787"W  57°1'24.603"N 
______________________________________________________________________________  
 
Nature of Non-compliance:  Water collected in the Seepage Recycle Pond (SRP) is directed to the 
Tailings Sediment Pond where it is authorized for release into South Kemess Creek via a gravity fed 
pipe.  A power failure caused the SRP’s pumps to stop working, resulting in SRP water bypassing the 
Tailings Sediment Pond.  The inflows to the SRP caused the pond levels to rise and subsequently 
release effluent to South Kemess Creek via the authorized emergency overflow outlet feature. 
 
Initial Response/Actions taken:  The pump system was reset and pumps were functioning again by 
10:15am.  The bypass overflow had stopped by 2016-02-13 13:00. 
 
Monitoring conducted:  Flow rates were estimated at 0.02 m3/s.  Turbidity of water was recorded 
as ‘clear’, with no concerns of turbid water. 
 
Future action items:  Pump system continues to be monitored closely. 
 
Contact information: Jordan Evans, Environmental Coordinator 250-297-6244 
 
Attachments: photos: SRP area layout; SRP emergency overflow outlet feature 
 



 

Tailings Storage Facility 
(TSF) 

TSF Dam Sedimentation 
Pond (TSP) 

Seepage Recycle Pond (SRP) 

 

South Kemess Creek 

TSP Discharge Pipe 
Overflow pipes 







Attention: Non-compliance Report for Authorization PE15335 Seepage Recycle Pond bypass due to 
pump failure  
 
Date of Non-compliance: 2016-04-27 6:00  
 
Location of Non-compliance [address, long. & lat.]:  1076 Main Street, Suite 2, PO Box 3519, 
Smithers, BC V0J 2N0 
126°41'23.787"W  57°1'24.603"N 
______________________________________________________________________________  
 
Nature of Non-compliance:  Water collected in the Seepage Recycle Pond (SRP) is directed to the 
Tailings Sediment Pond where it is authorized for release into South Kemess Creek via a gravity fed 
pipe.  A power failure, occurring sometime between 6pm on April 26th and 6am on April 27th, 
caused the SRP’s pumps to stop working, resulting in SRP water bypassing the Tailings Sediment 
Pond.  The inflows to the SRP caused the pond levels to rise and subsequently release effluent to 
South Kemess Creek via the pond’s authorized emergency overflow outlet feature. 
 
Initial Response/Actions taken:  The pump system was repaired and pumps were functioning again 
by 9:30 am.  The bypass overflow had stopped by 2016-04-27 11:30 am. 
 
Monitoring conducted:  Flow rates were estimated at 0.02 m3/s.  Turbidity of water was recorded 
as clear (0.1 ntu), with no concerns of turbid water.  Water quality of the SRP is characterized at 
monitoring station WQ-TSP, which consistently meets the discharge requirements specified in 
Section 1.7 of PE15335. 
 
Future action items:  The pump system continues to be monitored closely.  The system is checked 
several times daily.  AuRico is considering applying for a permit amendment to authorize the 
discharge of effluent from the Seepage Recycle Pond to South Kemess Creek, which would bypass 
the pumping system altogether. 
 
Contact information: Jordan Evans, Environmental Coordinator 250-297-6244 
 
Attachments: photos: SRP area layout; SRP emergency overflow outlet feature; SRP. 
 









Non Compliance Notification – Spill 

To:  EnvironmentalNonCompliance@gov.bc.ca 

Subject: 2016-04-12 PE15335 Waste Rock Dump Seepage Pipeline Failure 

Attention:  Non-compliance Report for Authorization #15335 

  Failure of pipeline carrying seepage water  

Date of Non-compliance: 2016-04-12 15:50 

Location of Non-compliance: Kemess Mine, 56.992818, -126.78303 

Nature of Non-compliance: A failure occurred along the pipeline that directs NAG waste rock dump 
seepage water from the Selenium retention pond to the Kemess South 
Open Pit, releasing its contents into both the Southern Collection Ditch, 
and the large wetland complex south of the Southern Collection Ditch, 
both of which report to Waste Rock Creek.   

It is suspected that previous physical damage to the pipe created a weak 
spot which eventually led to the pipeline failure (see photo 4).  The 
resulting discharge bypassed the authorized works with an estimated 
flow rate of 20 L/s. 

Initial Response/Actions taken: Following discovery of the leak, the pumps pushing water through the 
pipeline were immediately shut off, ceasing the discharge of water.  The 
pipeline was subsequently repaired and tested and pumps turned back 
on.  PEP (report#160109), and Ministry of Energy and Mines were 
notified of the incident. 

Monitoring conducted:   Water quality samples were collected upstream (at monitoring site WR-
S2), downstream (at WR-S4 and WQ-14F) and from the source (Se pond 
at WR-S3). 

Future action items: The pumping system has regained functionality since the incident.  The 
pipeline will continue to be monitored, with particular attention to the 
area where the failure occurred.  Water quality will continue to be 
monitored downstream of the failure location, recording in situ 
measurements and sampling in accordance with PE15335.   

Contact Information: Onsite Environmental Officer– Katherine Atherton – 778-724-4423 

 Environmental Coordinator – Jordan Evans – 250-297-6244 

 Environmental Director – Harold Bent – 250-877-9411 

 Onsite Superintendant – Bruce Grau – 778-724-4425 

 

Attachments:  Photos 1 – 4, Figure 1 



 

Photo 1 – Failure in pipeline that carries NAG waste rock dump seepage water from the Selenium retention pond 
to the pit.  Photo taken immediately before pumps were shut off.  Flow estimated at 20L/s.  

 

Photo 2 – Water  from pipeline leak entering wetland complex. 



 

Photo 3 – Wetland complex downstream. 

 

Photo 4 – Damaged area on pipeline. 



 

Figure 1 –  Location of leak in pipeline indicated by yellow star. Released water entered the Southern Collection 
System (labeled in blue) as well as the wetland complex (circled in orange). 



 
 

 
To: EnvironmentalNonCompliance@gov.bc.ca 
Subject: 2016-12-16 Authorization 15335 Selenium Retention Pond Bypass 

 
Attention: Non-compliance Report for Authorization # 15335 Selenium Retention Pond Bypass 

 

Date of Non-compliance: 2016-12-16 14:15 
 

Location of Non-compliance [address, UTM]: Kemess Mine, 634498.9551  6318490.191 meters 
 

 

 

Nature of Non-compliance: Due to an extended period of extreme cold temperatures (below       
-30°C), combined with a lack of snow, the pipeline that extends from the Selenium Retention 
Pond to the KS Pit has frozen solid. On December 16th at approximately 14:15, the Selenium 
Retention Pond began overflowing to the Southern Collection Ditch. 

 

Initial Response/Actions taken: The Care and Maintenance Crew examined the extent of 
freezing along the 1.4 km pipeline and determined that at least half of the length of pipe was 
frozen solid.  They initiated pipeline replacement for the frozen portion of the pipeline.  They 
later discovered that they had underestimated the length of freezing along the pipeline (ie – the 
extent of freezing reached further towards the Selenium Retention Pond).  PEP was notified 
(report # D162694). 

 

Monitoring conducted:  Water quality samples will be collected upstream (at monitoring site 
WR-S2), downstream (at WR-S4 and WQ-14F) and from the Selenium Retention Pond.  Discharge 
flow rate estimated to be 5 L/s. 

 
Future action items: The pipeline is currently undergoing efforts to replace the frozen portions of 
the pipe with an alternate pipe.  Depending on the success of these efforts, AuRico may apply for 
a bypass authorization from the Director until the pipeline can be repaired/replaced.  An update 
of the situation will be provided early this coming week.  
 
Contact information:  
Environmental Coordinator – Jordan Evans 250-302-9239 
Onsite Superintendant – Bruce Grau – 778-724-4425 
 
Attachments: Photos and site map – Figures 1-5. 

  



 

 
Figure 1:  Discharge outlet into KS Pit – frozen solid. 
 

 
Figure 2:  Halfway point along pipeline – still freezing occurring. 
 



 
Figure 3:   Frozen pipeline close to the Selenium pump house. 
 

 
Figure 4:  Emergency overflow (v-notch weir) of Selenium Retention Pond. Flow rate is approximately 5 L/s. 
 



 
Figure 5: Kemess Site map 
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MEMO 
To: Jennifer McConnachie, Senior Reclamation Inspector, BC MEM  

From: Jordan Evans, Environmental Coordinator, AuRico Metals Inc.     

CC:  

Date: December 22, 2016 

Re: Kemess Mine  - Se Pond Overflow update December 2016 

Background Info 

On December 14th 2016, the Kemess Care and Maintenance A Crew (3 people) returned to site and 
initiated their routine checks for the Selenium Pond pumping system.  They discovered that the 
pumps were running, but there was no discharge occurring to the KS PIT.  Due to an extended 
period of extreme cold temperatures (below -30°C), combined with a lack of snow, the pipeline that 
extends from the Selenium Retention Pond to the KS Pit had frozen solid. They put the pumps and 
the pump house on recirculation mode and drained the line into the Pond (that still had additional 
capacity).  The following day, they started checking the 1.4km long line and found that the top 300 
m of the line was frozen (Photo 1).  So they tied into the top one third of the line with a 12” line that 
was installed parallel to the existing 10” line earlier in 2016 as a contingency measure to 
accommodate additional pumping requirements during freshet.  However, this did not resolve the 
problem as they had underestimated the amount of freezing in the 10” line.  Also, it is important to 
note that the 12” line in its entirety could not be used because the automated system in the 
pumphouse is not set up to tie in to a 12” line. 

On December 16th at approximately 14:15, the Selenium Retention Pond began overflowing to the 
Southern Collection Ditch.  The Care and Maintenance Crew continued working on the line.  They 
steamed out the bottom 300 m of the pipe, hooked it back up and regained functionality of the 
system by 15:00 Dec. 18th.  The Se Pond stopped overflowing around 18:00 on Dec. 18th. 

Nature of Non-compliance:  

As per MoE EMA permit PE-15335, waste rock dump seepage collected in the Selenium Retention 
Pond located within the Southern Collection System must be contained and pumped to the open 
pit unless authorized otherwise in writing by the Director.  On December 16th at approximately 
14:15, the Selenium Retention Pond began overflowing to the Southern Collection Ditch.  The 
overflow occurred at an approximate rate of 5 L/s until Dec. 18th at 18:00. 

Initial Response/Actions taken: The Care and Maintenance Crew initiated pipeline replacement 
for the frozen portion of the upper pipeline as well as steaming of the lower end of the line to thaw 
it.   PEP was notified (report # D162694). 

 



Monitoring conducted:  Water quality samples were collected upstream (at monitoring site WR-
S2), downstream (at WQ-14F) and from the Selenium Retention Pond.  However, due to the limited 
flights to Kemess, samples will remain in the fridge on site until they are shipped out on December 
28th.  Hold times will be exceeded for most parameters. Acute lethality samples were not taken due 
to expected exceedances in hold times.   

Selenium is the parameter of concern in the Selenium Retention Pond and has been the focus of 
ongoing monitoring and mitigation efforts since 2008. Additional details on this are provided in the 
annual Water Quality reports for MoE.   There is not expected to be an incremental increase in Se 
levels in Waste Rock Creek attributable to the spill and therefore no effects from the spill are 
anticipated. 

Results from recent water quality monitoring indicate that selenium levels continue to be in decline, 
both in the Southern Collection system as well as in Waste Rock Creek.  Selenium levels measured 
in Waste Rock Creek in the summer of 2016 were the lowest recorded since 2005.  Selenium 
concentrations in Attichika Creek remain below the BC WQG.  Recent water quality results ([Se]) 
for WR-S2, WR-S3, and WR-S4 are presented in Figure 1, and recent results for WQ-14F and WQ-18 
are presented in Figure 2.  Recent flow rates into the Se Pond are presented in Table 1 and flow 
rates in Waste Rock Creek are presented in Figure 3. 

 

Figure 1: Selenium concentrations in the Southern Collection System 

 



 

Figure 2: Selenium concentrations in Waste Rock Creek and Attichika Creek 

 

Table 1: Flow rates at WR-S3 

DATE Flow Rate 
(L/s) 

5/15/2016 3.5 
6/2/2016 8.8 
7/5/2016 7.9 
8/2/2016 9.0 
9/27/2016 5.4 
10/1/2016 7.2 
10/8/2016 9.1 
10/15/2016 5.9 
10/22/2016 4.0 
10/28/2016 4.2 
10/31/2016 3.2 

 



 

Figure 3: Waste Rock Creek hydrograph of cross-sectional flows 2010-2016 

 

Recent bypasses of the Se Retention Pond: 

Every year during spring freshet the pumping capacity at the Selenium Retention pond is exceeded 
due to the increased flows during spring melt.  When the pond’s capacity is exceeded, the effluent 
discharges through a v-notch weir to the Southern Collection Ditch which ultimately reports to 
Waste Rock Creek.  The discharge of effluent is characterized by elevated selenium levels, as is the 
water quality in Waste Rock Creek.  However, the timing of the spring discharge occurs when 
selenium levels are at their lowest annual levels in Waste Rock Creek and flow rates are at their 
highest.  The discharge generally occurs when spring melt and surface runoff are at their peak, 
allocating the highest annual dilution to the system. 

In 2016, the Care and Maintenance crew installed a secondary pipeline running parallel to the 
existing line that runs from the Se Pond to the Pit as a contingency measure to increase the 
pumping volume from the Se Pond experienced during the peak flows of freshet.  The secondary 
line is run manually using a 75hp float pump that is tied into the existing electrical system.   

This secondary pipeline served as a contingency measure for the frozen primary line that occurred 
on December 16th, when a portion of this secondary line was used to replace the frozen pipe, as 
mentioned above. 
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Future action items: The pipeline and pumping system continue to be monitored several times 
daily.  In 2017, additional 10” pipe will be ordered to ensure there is spare pipe in the event of a 
pipeline failure or a potential frozen pipe.  In addition, the 12” secondary pipeline will be 
reinstalled parallel to the primary line when the full extent of the primary pipeline is thawed. 

At this time, AuRico does not anticipate the requirement for a bypass authorization from the 
Director.  

 

Contact information:  

Environmental Coordinator – Jordan Evans 250-302-9239, Jordan.evans@auricometals.ca 

Onsite Superintendant – Bruce Grau – 778-724-4425 

 

Attachments: Photos and site map – Photos 1-4, Figure 4. 

  



 

 

Photo 1:  Discharge outlet into KS Pit – frozen solid. 

 

 

Photo 2:  Halfway point along pipeline – still freezing occurring. 

 



 

Photo 3:   Frozen pipeline close to the Selenium pump house. 

 

 

Photo 4:  Emergency overflow (v-notch weir) of Selenium Retention Pond. Flow rate is 
approximately 5 L/s.



 

 

 

Figure 4: Kemess Site map 
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Introduction 
 
This flocculant management plan is submitted in accordance with Ministry of Environment’s (MoE) permit 
PE-15335.  Kemess is permitted to use flocculants to maintain the level of total suspended solids (TSS) 
equal to or less than the permit limits of 30 mg/L in the discharges from the sediment ponds.  Any 
flocculant dispensed will be in accordance with this Flocculant Management Plan. 
 
The following steps should be taken in order to appropriately address spring melt related compliance 
issues that may arise over the April/May and possibly early June period at Kemess Mine, specifically for 
the Waste Rock Creek drainage (i.e., MoE discharge point, WQ-14F).  The tasks detailed below will 
address the MOE PE-15335 compliance requirements.   
 
Waste Rock Creek Monitoring Program 
 
The sediment loading to the receiving environment can be determined through grab sampling of the 
effluent at the outflow from the sediment pond and/or at the WQ-14F flume.  Conduct weekly grab sample 
collections as per the routine permit requirements, with additional samples collected for back-up and for 
prediction of external laboratory results as follows: 
 

• Routine weekly samples taken on Tuesdays (ship to Maxxam) - 1 x 1L 
• During periods of higher than normal sediment loading, collect a Back-up (store in fridge for up to 

2 weeks) - 1 x 1L 
• Predictive On-Site Analysis (via procedure - Total Suspended Solids (TSS) Determination (as per 

APHA (2005) method 2540 D) found in Appendix 1) - 2 x 1L 

Conduct the following additional procedures to ensure due diligence in the case that a non-compliance 
event occurs: 

1. Proceed with on-site TSS analysis (2 samples) as soon as possible. 

2. Follow up with Maxxam two days after shipment to ensure they received the sample. 

3. Notify Maxxam to rush the results if the turbidity and on-site TSS indicate that we could have an 
exceedance of the maximum authorized TSS in a grab sample (30 mg/L, as per section 1.7 of 
PE-15335).  

4. View the results certificate immediately when they arrive via email.  

5. If the result is 30 mg/L or greater, notify Ministry of Environment immediately by phone of our 
non-compliance, and indicate that a report will follow in 30 days. 

 
Ministry of Environment Contact: 
Hubert Bunce 
Regional Director 
Environmental Management – Mining 
250-751-3254 (office) 
Hubert.Bunce@gov.bc.ca 
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Flocculent Dispensing  
 
During spring freshet, the TSS levels at WQ-14F often approach the permitted limit of 30 mg/L.  In order 
to prevent an exceedance of this limit and ultimately a non-compliance, flocculant should be added to the 
Southern Collection Ditch by taking the steps outlined below. 
 
Begin initial floc dispensing when the turbidity at WQ-14F approaches 15 NTU.  This system must be 
monitored daily to ensure floc is dispensed correctly (e.g., ice under shack, flow rate changes, battery 
dies, floc hopper runs out/needs to be topped up, motor gets clogged up,etc). 
 
Note: when dispensing flocculent is imminent, notify BCMOE (Hubert Bunce) prior to initializing if possible 
(email has been sufficient notification in the past).   
Once floc is being dispensed, acute toxicity samples must be collected within 36 hours of initiating the 
flocculants, and then weekly after that, with the final samples collected within 12 hours after flocculant use 
has discontinued.  Acute Toxicity samples must be taken at WQ-SCSP, the outflow of the southern 
collection system pond. 
 
A log will be set up to track quantity of flocculent dispensed, along with flow rates at WQ-14F and 
dispensing RPM.  Subtract quantity used from quantity available and re-order at the point when it is 
anticipated that only a 2 to 2.5 week supply remains.  Throughout operations, approximately 2 months of 
dispensing occurred during spring freshet.  However, since operations ceased, the duration of flocculant 
use has decreased to 2 weeks. 
At the time at which dispensing is no longer required, ensure that enough mixed flocculent is available on-
site to cover the lead time for delivery, so a buffer of supply is always maintained.  Note that flocculent is 
mixed at 3:1 (M156:M368) and sieved to ensure free-flowing product for dispensing.  Ensure that 
flocculent does not get wet, is not exposed to the elements, and that appropriate PPE is used during 
processing and handling. 
 
Flocculant Used 
 
Flocculant is available for purchase from Power Chemicals Inc (Power Floc 6000).  However, the existing 
supply of two flocculents, Magnafloc156 (anionic) and Magnafloc 368 (cationic), will be used until they are 
depleted.  The two materials are permitted up to a 2:1 ratio of M156:M368 which has been determined to 
be a safe non-toxic blend.  To avoid the potential for toxic effects the dosage used for sediment 
management in the Waste Rock Creek will be approximately 3:1 (M156:M368).  Water samples for acute 
toxicity determination will be collected following the initiation of flocculent addition and periodically 
throughout the testing as per the conditions outlined in permit PE15335. 
 
Flocculent Feeder Operation and Maintenance 
  
The flocculent feeder has been calibrated so that the flocculent feed rate can be set based on the RPM of 
the feeder.  To operate the feeder the power must be turned on to the AC invertor that converts the 
12VDC from the battery into 110V AC and also to the controller unit.  The flocculant controller procedure 
can be found in Appendix 3.  A photo of the dispensing system can be found in Figure 1 below. 
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Figure 1.  Photo of flocculant dispensing system in place at the inflow of the settling pond on the 
Southern Collection system. 
 
Ensure that the hopper is full of flocculent prior to turning the unit on.  White pails of pre-mixed flocculent 
are stored inside the hut with additional bulk flocculent being stored in the soils lab.  When the supply of 
pre-mixed flocculent gets down to 1-2 pails it is important that more flocculent is mixed so that there is 
always adequate supply to run the feeder unit. 
 
The target dosage for the flocculent blend is 1.5 ppm based on mixing jar tests.  The chart on the wall of 
the flocculent hut shows the feed rate of blended flocculent as a function of RPM.  It is first necessary to 
determine the flow rate in order to determine what RPM is required to feed flocculent at the desired 
dosage. 
 
The flow rate (in L/s) may be determined at WQ-14F or from a flow measurement at the flocculent hut.  
Appendix 2 contains the procedure used for determining flow rates.  Once the rate of flow has been 
determined, use the Feed chart in Figure 2 below to determine the proper RPM setting for the feeder unit. 
 
Determine approximately how long the hopper will remain stocked based on the set feed rate.  It is 
important that the hopper supply is replenished so that the system does not run out of flocculent. 
 

 
Figure 2.  Feed dispensing rate relationship with flow rate and water level (depth) for WQ-14F (truncated 
at 40 cm, although values are available for greater flows).  For application to other sites, the established 
calculation would be used to determine the relationship between water level and dispensing rates. 
 
 
  

 
Controller 

AC Inverter and 
Voltage 

 

Battery 

Hopper 

Feeder 

Flocculant Addition Dosage Determination Sheet (1.5 ppm)

Depth (cm) 1 2 3 4 5 6 7 8 9 10
Flow (L/s) 1.1 3.3 6.2 9.7 13.8 18.2 23.2 28.5 34.2 40.3
5829 Feeder RPM 1.04 1.20 1.42 1.69 1.99 2.33 2.71 3.11 3.55 4.02

Depth (cm) 11 12 13 14 15 16 17 18 19 20
Flow (L/s) 46.7 53.4 60.5 67.8 75.5 83.4 91.7 100.2 108.9 117.9
5829 Feeder RPM 4.52 5.04 5.59 6.17 6.77 7.40 8.06 8.74 9.44 10.17

Depth (cm) 21 22 23 24 25 26 27 28 29 30
Flow (L/s) 127.2 136.7 146.4 156.4 166.6 177.1 187.7 198.6 209.7 221.0
5829 Feeder RPM 10.93 11.71 12.51 13.34 14.20 15.08 15.98 16.91 17.86 18.84

Depth (cm) 31 32 33 34 35 36 37 38 39 40
Flow (L/s) 232.6 244.3 256.2 268.3 280.7 293.2 305.9 318.8 331.9 345.2
5829 Feeder RPM 19.85 20.88 21.93 23.01 24.12 25.25 26.41 27.59 28.80 30.04
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Flocculent Effectiveness  
 
TSS samples for assessing effectiveness of floc/settling pond on reducing TSS loading should be 
collected.  Collect three samples: (1) the southern collection ditch upstream of the floc hut (2) 
downstream of the pond, WQ-SCSP (at the culvert outlets), and (3) WQ-14F.  Do this approximately 3 
times over the duration of the floc dispensing period.  Timing will be at discretional. The samples taken 
will be analyzed to determine the effectiveness of the flocculant used.  The results of the assessment will 
help direct future flocculant management plans. 
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Total Suspended Solids (TSS) Determination (as per APHA (2005) method 2540 D) 
 
Principle: 
A well-mixed sample is filtered through a weighed standard glass-fibre filter and the residue retained on 
the filter is dried to a constant weight at 103 to 105 °C (note that MMER indicates 104 °C).  The increase 
in weight of the filter represents the total suspended solids (TSS).  If the suspended material clogs the 
filter and prolongs filtration, it may be necessary to increase the diameter of the filter or decrease the 
sample volume.  From personal experience, filtration efficiency is also affected by viscosity of the water 
(i.e., if there is a large dissolved organic matter component).  Note that this is total suspended solids, not 
total suspended sediments, as the organic portion of the seston is maintained on the filter.  Total 
suspended sediment is determined using further steps of loss-on-ignition (LOI) using a muffle furnace at 
550 °C (i.e., the organics are burned off). 
 
Interferences: 
(See 2540A.2 and 2540B.1)  Exclude large floating particles or submerged agglomerates of 
nonhomogeneous materials from the sample if it is determined that their inclusion is not representative 
(note that it is best to try and do this during sampling by looking into the bottle to ensure that large 
particles of detritus are not included, and resample if the water does not appear to be representative.  
This precludes any question of whether the particles are representative or not once the sample is in the 
lab).  Because excessive residue on the filter may form a water-trapping crust, limit the sample size to 
that yielding no more than 200 mg residue (i.e., when samples are obviously turbid, it may be important to 
filter subsamples iteratively, keeping track of how much total sample passes through the filter). 
 
For samples high in dissolved solids, thoroughly wash the filter (i.e., rinse with an adequate volume of 
reagent-grade water) to ensure removal of dissolved materials.  Note that subsample filtration is critical in 
this case.  If washing the filter with distilled water (ensure negligible TSS in the ‘wash water’, for example 
use reagent-grade or process samples of the wash water using this TSS determination procedure so that 
TSS content is known and can be removed from sample calculations), it is important to know how much 
sample is passing through the filter because assessing the volume after the fact will be impossible, as it 
will now include the volume of the ‘wash water’ (i.e., dispense of the sample onto the filter using a 
graduated cylinder or pipet of known volumes, not directly from the sample container).  Prolonged 
filtration times resulting from filter clogging may produce high results owing to increased colloidal 
materials captured on the clogged filter. 
 
Apparatus: 

a. Desiccator; provided with a desiccant containing a colour indicator of moisture concentration or 
an instrumental indicator. 

b. Drying oven; for operation at 103 to 105 °C. 

c. Analytical balance; capable of weighing to 0.1 mg. 

d. Glass-fibre filter disks (e.g., Whatman GF/F, see APHA, 2005 for other options).  Note that 
MMER indicates 1.5 m pore size.  M        -
treated/pre-weighed, 47 mm, 1.5 m (CAT#: F93447MM        
nominal pore size Whatman GF/F is suitable, but keep in mind that smaller pore size can afford 
greater retention of particles, which effectively over-estimates TSS concentration. 

e. Filtration apparatus; suitable for the filter disk selected.  Note that the equipment we have on-site 
includes electric pump and magnetic filtration heads.  Filtration manifold??? 

f. Suction flask and tubing; of sufficient capacity for sample size selected. 
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g. Aluminum weighing dishes; inert. 

h. Filter forceps. 

Procedure: 
 

a. Filter preparation 

If pre-prepared (i.e., factory cleaned, dried, and weighed) glass-fibre filters are used, go to filtration step.  
If filters require preparation, place onto clean filtration apparatus.  Apply suction and wash the filter three 
successive times with 20-mL portions of reagent-grade (distilled may be acceptable) water.  Continue to 
suction until all water is removed.  Remove the filter from the filtration apparatus with filter forceps and 
transfer to an inert aluminum weighing dish.  Dry at 103 to 105 °C for at least 1 hour.  Cool in a desiccator 
to balance temperature and weigh.  Repeat until constant weight is obtained or until weight change is less 
than 4% of the previous weighing or 0.5 mg, whichever is less.  Store in desiccator until needed. 
 

b. Filtration 

Wet pre-cleaned, dried, and weighed filter (remember to record the weight prior to filtering) with a small 
amount of reagent-grade water to seat it to the filtration apparatus.  Gently agitate the sample bottle to 
resuspend solids with the objective of achieving a homogenous sample.  Some samples may require 
further processing depending on the nature of the sample water (see APHA (2005) for details regarding 
stirring).  If filtering a stirred subsample, stir the sample and pipet from the midpoint of the beaker/flask 
(not from the vortex).  If filtering directly from the sample collection container (i.e., bottle), pour the sample 
into a graduated cylinder and record the volume (if doing this in aliquots, record each volume filtered).  
Gently agitate the graduated cylinder as it is poured directly on the filter slowly taking care to keep sample 
from the walls of the filter head. 
 
Wash filter with three successive 10-mL volumes of reagent-grade water, allowing complete drainage 
between washings, and continue suction for about 3 minutes after filtration is complete.  In this process, 
rinse any solids that may be retained on the filter head from the sample volume onto the filter.  Samples 
with high dissolved solids may require additional washings.  Carefully remove the filter with forceps and 
transfer to an aluminum weighing dish.  Dry for at least 1 hour at 103 to 105 °C in an oven, cool in a 
desiccator to balance temperature, and weigh.  Repeat the cycle of drying, cooling, desiccating, and 
weighing until constant weight is obtained or until weight change is less than 4% of the previous weighing 
or 0.5 mg, whichever is less.  Analyze at least 10% of all samples in duplicate.  Duplicate determinations 
should agree within 5% of their average weight. 
Notes: 

• Do not weigh weighing dish with the filter unless it has been tared.  Prefer weighing filter 
directly on the balance. 

• Pre-weigh filters before filtering the sample volume and record the weight. 

• It may be acceptable to store pre-weighed filters for a period of time in a desiccator if 
humidity and dust are not a concern in the ambient air. 

• Placing prepared filters in glassine envelopes or inert aluminum weighing dishes (top and 
bottom) for storage in the desiccator is preferred. 

c. Calculation 

mg total suspended solids/L = (A – B) X 1000 
  sample volume (mL) 
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 where: 
 A = weight of filter + dried residue (mg), and 
 B = weight of filter (mg) 
See APHA (2005) for discussion of precision and for further definitions. 
Note: Maxxam indicates that they obtain precision of 2.60%RSD and mean recovery of 198% on a level 
of fortification of 200 mg/L standard. 
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Notes for Cross-Sectional Flow Calculations 
J McConnachie – May 4, 2012 
 
Collect between 15 and 20 measurements for a cross-sectional flow, with minimum interval of 10 cm. 
Distance Interval will depend on channel width (i.e., interval increases as channel width increases). 
Check formulas in the excel spreadsheet so they follow the table below. 
The concept is to calculate flow for each “panel” in the cross-section of the channel, where the ‘edge’ panels 
are rarely rectangular and often we cannot measure a proper ‘zero’ point (a point at which the water depth is 
zero, and thus so will be flow).  The dividing the edge panels in half will account for any ‘errors’ or variation 
that occurs in measurements at the edge. 
More importantly though is that the last panel measured may not calculate correctly if the ‘area’ part of the 
calculation directs to a distance value that does not exist.  In other words, the last calculation has been 
modified from the rest to calculate the interval distance between N and O instead of O and P because P does 
not exist.  This detail does not always affect the resulting cumulative Flow value, but it can, so important to 
check. 

 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1  
 
 
 
 
 
Measurement# Distance between 

measurements 
Depth Velocity Formula for flow 

1 A X Y =(abs(B-A)/2)*X*Y 
2 B X Y =(abs(C-B))*X*Y 
3 C X Y =(abs(D-C))*X*Y 
4 D X Y =(abs(E-D))*X*Y 
5 E X Y =(abs(F-E))*X*Y 
6 F X Y =(abs(G-F))*X*Y 
7 G X Y =(abs(H-G))*X*Y 
8 H X Y =(abs(I-H))*X*Y 
9 I X Y =(abs(J-I))*X*Y 
10 J X Y =(abs(K-J))*X*Y 
11 K X Y =(abs(L-K))*X*Y 
12 L X Y =(abs(M-L))*X*Y 
13 M X Y =(abs(N-M))*X*Y 
14 N X Y =(abs(O-N))*X*Y 
15 O X Y =(abs(N-O)/2)*X*Y 
 
 

Assume red dots cannot be 
measured for this case. Left Bank 

Green dots are velocity measurements 
collected at 60% of the depth Right Bank 
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Updated: April 26, 2012 
K.Atherton 

Procedure 
 

1. Ensure the mains power, input and motor cables are connected to the controller.  If Err0  occurs, 
there is a motor connection failure  make sure the motor is connected and check the cable and 
connectors for damage. Check that the brown and white wires of the input cable are connected and 
that the green and yellow wires are free. 

2. Switch on the controller.  The software version (U.1.08), motor type (Lo) and configuration will be 
displayed.  The configuration should be set to 3 (extrusion/relay mode).  To change the configuration, 
press and hold the SPEED and ENTER buttons while turning on the controller.  Use the up/down 
arrow keys to select configuration 3 (See manual for optional configuration modes). Configuration 
data will be saved to memory and remain the same for subsequent operation. 

3. Set RPMs by selecting the SPEED button and using the up/down arrows. Press ENTER. 
4. Select START. 
5. The RPMs can be adjusted while the motor is running.  Press SPEED and select the desired RPMs 

using the up/down arrow keys.  Press ENTER. 
6. To stop dispensing floc, press STOP. 

 

Referenced Procedures and Information: 

Movacolor MC-18 User Manual 1.08.UK.01 – located on shelf above desk in the Environmental Laboratory 

 

MC-18 Flocculent Controller Procedure 
 

ENV 0515 
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Authorized Person Initial:___________________ Date:________________

15335
Effluent, Permit
AuRico Metals Inc.

AUTHORIZED PERSON NAME: Jordan Evans

AUTHORIZED PERSON SIGNATURE:

SIGNATURE DATE: January 27, 2017

CONDITION 
NUMBER

CONDITION DESCRIPTION
COMPLIANT? 
(Yes/No/ND)

ACTION TAKEN

1.1.2

The characteristics of BXL RUNOFF 
COLLECTION PONDS discharge 
E276384 must not exceed the limits 
specified in Section 1.7 Yes

TSS and pH results discussed in section 5.1.3 and 5.1.4 of report (p.23-24); 2016 
TSS Results and pH for all sites are tabulated in Appendix C and graphed in 
Appendix D.  Toxicity results are presented in Appendix E. No action necessary.

1.2.2

Waste rock dump seepage collected in 
the Selenium Retention Pond located 
within the Southern Collection System 
must be contained and pumped to the 
open pit unless authorized otherwise 
in writing by the Director No

There were two occasions that resulted in the prevention of water from the 
Selenium Retention Pond being routed to the Pit.  These events are described in 
detail in Appendix F, and summarized in the report (p. 38).  The pipeline and 
pumping system continue to be monitored several times daily. In 2017, additional 
10” pipe will be ordered to ensure there is spare pipe in the event of a pipeline 
failure or a potential frozen pipe. The 12” secondary pipeline will be reinstalled 
parallel to the primary line when the full extent of the primary pipeline is thawed.

1.2.3

The characteristics of the discharge of 
effluent from the WASTE ROCK DUMP 
COLLECTION PONDS discharging into 
Waste Rock Creek (E276385) must not 
exceed the limits specified in Section 
1.7 Yes

TSS and pH results discussed in section 5.1.3 and 5.1.4 of report (p.23- 24); 2016 
TSS Results and pH for all sites are tabulated in Appendix C and graphed in 
Appendix D.  Toxicity results are presented in Appendix E. No action necessary.

Annual Status Form
AUTHORIZATION NUMBER:

AUTHORIZATION TYPE:

LEGAL AUTHORIZATION HOLDER NAME:

I understand that it is an offense to mislead a government official, and I declare that all of the information presented is accurate and true.  
I have been given the authority by the authorization holder to sign this form.

           JE Jan. 27, 2017



Authorized Person Initial:___________________ Date:________________

CONDITION 
NUMBER

CONDITION DESCRIPTION
COMPLIANT? 
(Yes/No/ND)

ACTION TAKEN

1.3.2
The Characteristics of TAILINGS 
STORAGE FACIILITY (TSF) SPILLWAY 
discharge E294449 must not exceed 
the limits specified in Section 1.7 Yes The TSF SPILLWAY did not discharge in 2016.  Therefore, no action necessary.

1.4.2
The characteristics of TSF DAM 
SEDIMENTATION POND (TSP) discharge 
E294450 must not exceed the limits 
specified in Section 1.7 Yes

TSS and pH results discussed in section 5.1.3 and 5.1.4 of report (p.23-24); 2016 
TSS Results and pH for all sites are tabulated in Appendix C and graphed in 
Appendix D.  Toxicity results are presented in Appendix E. No action necessary.

1.6.1
The maximum authorized discharge 
rate of SEWAGE TREATMENT PLANT 
(E236439) effluent to the Mill Area 
Sedimentation Pond is 45m3/day No

The maximum authorized discharge rate of SEWAGE TREATMENT PLANT effluent 
to the Mill Area Sedimentation Pond was exceeded on two occasions in 2016.  
Monitoring and actions taken are discussed in Section 4.4 of the report (p.18).

1.6.2

The characteristics of SEWAGE 
TREATMENT PLANT discharge E236439 
must not exceed: Biochemical Oxygen 
Demand (45 mg/L) and Total 
Sustpended Solids (60mg/L) Yes

The 2016 characterization results of the Sewage Treatment Plant effluent met the 
biochemical oxygen demand and total suspended solids requirements, discussed 
in Section 7.0 of the report and results presented in Appendix E.

2.1.1 Pollution control works must be 
regularly inspected and maintained in 
good working order Yes

Kemess South Mine ended operations in March 2011, up to which time 
progressive reclamation had been implemented.  Since then, the site has been 
maintained by a small crew whose primary duties are to care for and maintain the 
site.  This is discussed further in section 2.3 of the report (p. 11-12).

2.1.3

Releases to the environment not 
authorized by PE15335 must be 
reported to the Provincial Emergency 
Program (PEP) as required by the Spill 
Reporting Regulation Yes

There were two Reportable spills that occurred in 2016.  Spills are discussed in 
Section 8.0 of the report and Spill reports included in Appendix F. 

2.1.4 any malfunction or emergency that 
occurs at the site must be reported to 
the Regional Environmental Protection 
Office within 7 days of the incident Yes

There were two incidents of an unauthorized bypass occurring at the Seepage 
Recycle Pond.  Due to a power failure, the pond water rose until it began 
discharging out the authorized emergency outlet feature of the pond into South 
Kemess Creek, which is the same ultimate destination of the authorized discharge 
(WQ-TSP), however, it took an alternate route to it resulting in a bypass.  Details of 
the incident are presented in Section 8.0 of the report and Appendix F.  

           JE Jan. 27, 2017



Authorized Person Initial:___________________ Date:________________

CONDITION 
NUMBER

CONDITION DESCRIPTION
COMPLIANT? 
(Yes/No/ND)

ACTION TAKEN

3.1

Manage the South Diversion Dam 
surface water flows to South Kemess 
Creek so as not to cause exceedances 
of BCWQG criteria for Total Suspended 
Solids Yes

Graphical results for TSS for site WQ-23a and downstream site WQ-25 are 
presented in Appendix D.  Tabular results for TSS are presented in Appendix C. TSS 
exceedances are discussed in section 5.13 of the report.

3.2

Manage the freeboard of sediment 
ponds:  Mill Area Sedimentation Pond 
(0.3m), TSF Dam Sedimentation Pond 
(0.5m), Seepage Recycle Pond (0.5m) 
Selenium Retention Pond (0.5m), 
Dump Pond 1 (0.5m), Dump Pond 2 
(0.5m), Dump Pond 4 (0.5m), BXL 
Ponds (0.3m) Yes

The authorized level of freeboard was maintained in all surface water 
management features during 2016.  There were no incidents of pond overtopping 
observed in 2016.

3.3
Prohibit the discharge of effluent from 
the Seepage Recycle Pond to South 
Kemess Creek Yes

There was two incidents of an unauthorized bypass occurring at the Seepage 
Recycle Pond.  Due to a power failure, the pond water rose until it began 
discharging out the authorized emergency outlet feature of the pond into South 
Kemess Creek, which is the same ultimate destination of the authorized discharge 
(WQ-TSP), however, it took an alternate route to it resulting in a bypass.  Details of 
the incidents are presented in Section 8.0 of the report and Appendix F.

3.4

Sediment build-up in the sediment 
ponds and other associated works 
must be removed as required to 
maintain effective pond design 
performance Yes

Water quality results corresponding to sediment ponds or other associated works 
indicate that sediment ponds and other associated works are maintaining effective 
pond design performance.

3.5
Flocculants must be used in 
accordance with the approved 
Flocculant Management Plan Yes

No flocculant applied in 2016.  Flocculant Management Plan included in Appendix 
G.

4.1 Conduct the surface water monitoring 
program identified in Appendix B Yes

As indicated in 2016 and monthly reports (Appendix C), surface water monitoring 
program was conducted in 2016 as identifed in Appendix B of PE15335. 
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Authorized Person Initial:___________________ Date:________________

CONDITION 
NUMBER

CONDITION DESCRIPTION
COMPLIANT? 
(Yes/No/ND)

ACTION TAKEN

4.3
Conduct Environmental Effects 
Monitoring (biological and chemical) as 
approved by the Director Yes

See Kemess 2016 Provincial Environmental Effects (EEM) Report  (Hatfield 2017) 
and Kemess South Project Fish Monitoring Studies 2016 (Bustard 2017)

4.3.3
Submit annual Environmental Effects 
Monitoring results in a report to the 
Director by March 31st Yes

See Kemess 2016 Provincial Environmental Effects (EEM) Report  (Hatfield 2017) 
and Kemess South Project Fish Monitoring Studies 2016 (Bustard 2017)

4.4
Sampling is to be carried out in 
accordance with Ministry approved 
procedures Yes

All water quality sampling is conducted in accordance with the British Columbia 
Field Sampling Manual - Part E, Ambient Freshwater and Effluent Sampling Manual 
(2003).

4.5
Conduct an ongoing data quality 
assurance program in accordance with 
Section 4.5 of PE15335 Yes Refer to section 3.0 of the report as well as Appendix A.

4.7.2
Ensure that TSS and turbidity 
concentrations at WQ-25, WQ-03, WQ-
01, WQ-17, WQ-18, or WQ-14F do not 
exceed their respective BCWQG No

Refer to sections 5.1.1 and sections 5.1.3 of the report (p.23-24).   Turbidity and 
TSS Results and for all sites are tabulated in Appendix C and graphed in Appendix 
D. 

4.8
Report any pond discharge LC50 
toxicity failures; cease discharge, and 
retest Yes

There were no Toxicity failures recorded in 2016.  All toxicity results are presented 
in Appendix E, with summarized results for sites WQ-25 and WQ-14F presented in 
Appendix C.

5.1.1
Submit biweekly reports of daily and 
weekly field monitoring results to the 
Regional Environmental Protection 
Office by email Yes Year end monthly reports are presented in Appendix C.

5.1.2
submit monthly reports of all other 
permit-specifed monitoring results in 
an approved format Yes Submitted monthly reports by email each month in 2016.  

5.1.4
Laboratory results must include quality 
assurance data, as specified in Section 
4.5 Yes Refer to section 3.0 of the report as well as Appendix A.

5.2
Submit an Annual Water Quality 
Report to Environmental Protection as 
outlined in Section 5.2 by March 31st Yes Submitted January 2017.

5.4
Provide immediate notification to the 
Ministry designate of any non-
compliance event Yes Any non-compliance event is reported in a timely (immediate) manner.

           JE Jan. 27, 2017


	WQ Report 2016 body
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	APPENDICES
	1.0 INTRODUCTION
	1.1 Overview
	1.2 Ownership and Land Tenure
	1.3 Location and Access

	2.0 Water Quality Monitoring Program
	2.1 Baseline Monitoring Program Results
	2.2 Development and Production Phase
	2.3 Reclamation and Closure Phase

	3.0 DATA QUALITY ASSURANCE
	3.1 Field Meters
	3.2 Field QA Results and Discussion
	3.2.1 General Parameters
	3.2.2 Total and Dissolved Metals
	3.2.3 Travel Blanks

	3.3 Laboratory QA/QC Data
	3.4 Control Sites

	4.0 water flow
	4.1 Staff Gauges
	4.2 Discharge Measurements and Rating Curves
	4.3 Automated Flow Measurement Stations
	4.4  Hydrology Summary

	5.0 WATER QUALITY
	5.1 General Parameters
	5.1.1 Turbidity
	5.1.2 Conductivity
	5.1.3 Total Suspended Solids
	5.1.4 pH
	5.1.5 Hardness
	5.1.6 Alkalinity
	5.1.7 Sulphate
	5.1.8 Nutrients
	5.1.9 Chlorophyll a

	5.2 Metals
	5.2.1 Aluminum (Dissolved)
	5.2.2 Cadmium (Dissolved)
	5.2.3 Copper
	5.2.4 Iron
	5.2.5 Lead
	5.2.6 Manganese
	5.2.7 Molybdenum
	5.2.8 Selenium
	5.2.9 Zinc
	5.2.10 Other Metals


	6.0 Tailings sediment pond bottom sediment sampling
	7.0 Sewage treatment plant
	8.0 Spills
	8.1 Definition and Description
	8.2 2016 Reportable Spills

	9.0 conclusion

	Appendix A - 2016 All
	Appendix A Title Page 2016
	APPENDIX A
	External Laboratory Data Quality Objectives and Quality Assurance Data

	Maxxam QAQC
	Appendix A - All 2
	Appendix A - All 3
	Appendix A - All 4
	Appendix A - All 5
	Appendix A - All 6
	Appendix A - All 7
	Appendix A - All 8

	Maxxam QAQC summary table
	Horiba U-52 2016 Calibrations
	Maxxam Detection Limits
	Table2 - QA Field vs Lab 2016
	Turb Final
	Cond Final
	pH Final

	Table3 - QA_QC 2016
	Params Final
	T Metals Final
	D Metals Final
	Param Blanks
	T Metal Blanks
	D Metal Blanks

	Calculated Water Quality Objectives for the Kemess South Project Area

	Appendix B - 2016 All
	Appendix B Title Page 2016
	APPENDIX B

	2016 STP Flow Meter Readings
	Discharge rates for printing

	2016 STP discharge rates graphed
	2016 Flow Rates
	Flow Rates

	Discharge-stage equations using SG data-revised
	2016 WQ-14F Rating Curve
	Sheet1

	2016 WQ-25 Rating Curve
	Sheet1

	2016 WR-S4 Rating Curve
	Sheet1

	WQ-BXL rating curve 2016
	WQ-BXL Rating Curve

	WQ-14F hydrograph of actual flow measurements 2016
	Hydrograph 2010-2016

	Kemess South  Annua Hydrometric Report 2016- vers 9 Nov 2016
	WQ-TSP hydrograph 2014-2016.pdf
	Chart1

	WQ-WCSP hydrograph 2014-2016.pdf
	Chart1


	Appendix C - 2016 All
	Appendix C Title Page 2016
	APPENDIX C
	Summary Tables of Water Quality Data

	2016 year end biweekly report
	Biweekly Report

	lab results TSS turb pH and RB 2016 (working copy)
	Summer TSS and Turbidity Report

	Table 4 - max and mean Turb & Cond & Temp 2016
	Turb Temp Table1
	Turb Temp Table2
	pH and Cond Table3

	Discharge TSS 2016
	TSS Table 1
	TSS Table 2
	TSS Table 3

	Table6 - General Parameters 2016
	Hardness, SO4, Alk
	CL-D and NH3
	NO3 and NO2
	Phosphates

	Table7 - Metals 2016
	AL
	SB
	AS
	BA
	BE
	CD
	CR
	FE
	MN
	PB
	MO
	AG
	SE
	U
	V
	ZN
	Co
	Li
	Ni
	Sr
	Tl
	Sn
	Ti
	B


	2016 Appendix D - ALL
	Appendix D Title Page
	TSS weekly
	TSS monthly
	Turbidity weekly lab
	Conductivity
	pH
	Alkalinity
	Chloride
	Hardness
	Sulphate
	Ammonia
	Nitrate
	Nitrite
	Total Nitrogen
	OrthoPhosphate
	Total Dissolved Phosphate
	D-Al
	T-As
	T-B
	D-Cd
	T-Cr
	T-Co
	T-Cu
	T-Fe
	T-Pb
	T-Li
	T-Mn
	T-Mo
	T-Ni
	T-Se
	T-Ag
	T-Tl
	T-U
	T-V
	T-Zn
	T-Sn
	T-Sr
	T-Ti
	T-Be
	T-Ba
	Graph1a - Cond 2016.pdf
	Cond1
	Cond2
	Cond3
	Cond4
	Cond5
	Cond6
	Cond7


	2016 Appendix E - All
	Appendix E Title Page 2016
	2016 TSP bottom sediment results
	Maxxam Data

	2016 WTP results
	Sheet1

	B6B2322V1-WQ-14F Rainbow Trout  Dec 13 2016
	B6B2322V1-WQ-25 Rainbow Trout Dec 13 2016
	B603229V2R-WQ-14F and WQ-25 Ceriodaphnia Jan 12 2016
	Summary of Test Results
	WQ-14F
	WQ-25

	Culture Information

	B610374V1-WQ-14F RB Feb 9 2016
	B618306V1-WQ-25 Rainobw Trout March 8 2016
	B629708V1-WQ-14F Ceriodaphnia April 20 2016
	B629708V1-WQ-25 Ceriodaphnia April 20 2016
	B629904V1-WQ-14F Rainbow trout April 20 2016
	B650682V1-WQ-14F Rainbow Trout June 21 2016
	B650682V1-WQ-25 Rainbow Trout June 21 2016
	B659960V1-WQ-25 and WQ-14F Ceriodaphnia July 19 2016
	Summary of Test Results
	WQ-14F
	WQ-25

	Culture Information

	B672664V1- WQ-14F Rainbow trout Aug 23 2016
	B682643V1-WQ-25 Rainbow Trout Sept 20 2016
	B688239V1-WQ-14F RB Oct 4 2016
	B692996V1-WQ-25 and WQ-14F Ceriodapnia Oct 18 2016
	Summary of Test Results
	WQ-14F
	WQ-25
	Culture Information



	2016 Appendix F - All
	Appendix F Title Page 2016
	20160213 SRP bypass
	20160215 SRP bypass due to pump failure
	SRP overflow layout
	SRP Overflow Feb 13 2016 (3)
	SRP Overflow Feb 13 2016 (7)

	20160427 SRP bypass
	20160427 SRP bypass due to pump failure
	SRP outlet feature 1
	SRP Outlet Feature 2
	SRP Pond

	2016-04-12 PE15335 Waste Rock Dump Seepage Pipeline Failure
	2016-04-12 15335 Waste Rock Dump Seepage Pipeline Leak
	Photos 1-4, Figure 1

	2016-12-16 PE15335 Selenium Retention Pond Bypass
	Location of Non-compliance [address, UTM]: Kemess Mine, 634498.9551  6318490.191 meters

	Kemess Mine - Se Pond Overflow update memo 20161222
	B6B5034V1- Se Pond Rainbow Trout 20161227

	2016 Appendix G - All
	Appendix G Title Page 2016
	Flocculent Management Plan 2014
	Updated: April 26, 2012
	Procedure


	2016 Appendix H - All
	Appendix H Title Page 2016
	APPENDIX H
	Annual Status Form

	15335 2016 AnnRpt-ASF
	Annual Status Form





