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1. Introduction 
Yukon Government, Assessment and Abandoned Mines (AAM) is preparing an 
assessment of proposed care and maintenance activities at the Mount Nansen Site (the 
Site), an abandoned gold and silver mine located approximately 45 km (70 km by road) 
west of Carmacks, Yukon as shown in Figure 1-1.  

As part of the project proposal process, Lorax Environmental (Lorax) was retained by 
AAM to describe existing environmental conditions related to hydrology and meteorology 
at the Site for the purpose of informing the assessment process. This report describes the 
results of that work. 

1.1 Scope of Report 

For the meteorology discipline, this report presents air temperature, precipitation (rain and 
snow) and potential evaporation estimates for the Site. Air temperature, precipitation and 
potential evaporation estimates are compared to long-term regional climate records where 
appropriate to do so. Additionally, relative humidity, wind, atmospheric pressure and 
radiation data (i.e., net longwave, net shortwave and net radiation) are summarized to the 
extent required to inform evaporation estimates. For the hydrology discipline, this report 
presents a summary of recent streamflow data collected at the Site, with a focus on the 
continuous data collected from 2014 to 2016. This time period was selected as it represents 
the most recent monitoring data, the collection and analysis of which is considered to be 
of high quality (i.e., a mostly continuous streamflow record, and rating curves with low 
error; < 10% on average). Like the meteorology discipline, Site hydrology is characterized 
by drawing upon regional streamflow data from stations near Mount Nansen.  

An overview of the climate and streamflow monitoring programs is provided in Section 
2.1 and Section 2.2. Methodologies and assumptions related to the collection, analysis and 
presentation of climate and streamflow data are presented in Section 2.3. Methods for the 
measurement of streamflow and stage (i.e., both spot and continuous) are presented in 
Appendix A, along with the approach used to develop the rating curves for each station, 
paired stage-discharge measurements, and associated rating curve error. Stage record 
corrections (e.g., due to station relocation, staff gauge frost jacking, channel aggradation, 
etc.) are also presented in Appendix A.  

In Section 3.1, the following information is presented: 

• Air temperature data for the Site and a comparison of these data to long-term air 
temperature record for two regional climate stations (Pelly Ranch, Carmacks); 
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• Precipitation data (i.e., snowfall, rainfall) for the Site and a comparison of these 
data to records collected at Pelly Ranch, Carmacks and Carmacks CS;. 

• Continuous snow depth and ablation (snowpack melt) data collected at the Site 
climate station since October 2011; 

• A brief discussion of relative humidity, wind speed, barometric pressure and 
radiation (i.e., net longwave, net shortwave and net radiation) collected at the 
property; and  

• A summary of regional evapotranspiration and lake evaporation estimates and 
presentation of potential evaporation estimates from the Site that were computed 
with Site-specific climate data. 

In Section 3.2, streamflow data is presented in the following formats: 

• Monthly tables showing average, maximum and minimum 15-minute discharge 
values (m3/s); 

• Monthly tables showing average discharge (m3/s), average unit yields (L/s/km2) 
and total runoff (mm); 

• Time-series plots of continous average daily discharge (m3/s) and spot flow 
measurements (m3/s); 

• Time series plots of average daily unit yields (L/s/km2), by year, and;. 

• Regional analyses and recurrence interval estimates for mean annual runoff, peak 
flows and low flows (annual and June to September), presented in tabular and 
graphical formats. 

1.2 Project Area Drainage Characteristics 

The Mount Nansen Site is situated within the Victoria Creek watershed, a tributary of the 
Nisling River, which in turn, is a medium sized basin located in the larger Donjek/White 
Rivers basin. The White River flows north into the Yukon River, which flows northwest 
into Alaska and into the Bering Sea. Carmacks is the nearest town, located approximately 
45 km east of the Site. 

The streamflow regime at the Site is dominated by spring snowmelt-driven freshet, 
followed by a rapid recession to summer low-flows maintained by groundwater and 
interflow discharging to the local stream channels. Low-flows are punctuated by 
intermittent rainfall-driven peak flow events that generally last for several days and are 
followed by a rapid recession. Icing begins in the smaller stream channels in October, and 
some sections of Dome Creek freeze to the bed (e.g., DC-DX). The lower sections of Dome 
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Creek freeze to bed slightly later in the year (e.g., DC-B and DC-R, in November), while 
other sections still show some flows throughout the winter season (e.g., DC-DX+105 and 
DC-U).  The exception to this freezing regime is the discharge from the seepage collection 
pond (herein referred to by its station identifier SEEP), where discharges are more constant 
year-round.  In the winter, seep discharge subsequently freezes and glaciates a portion of 
Dome Creek downstream of SEEP.  The channel icing (shelf ice, as well as sporadic aufeis) 
melts during the freshet, and contributes to streamflows into May and at some years into 
June. 

1.2.1 Study Area 

The Order In Council (OIC) boundary encompasses the upper portion of the Pony Creek 
Watershed, the entirety of the Dome Creek Watershed, and a small portion of Victoria 
Creek, upstream of the confluence with Dome Creek, to just upstream of the Back Creek 
confluence. The Local Study Area (LSA) boundary is generally coincident with the OIC 
boundary, as is the case for the Surface Water Quality baseline study. For the purposes of 
the hydrology baseline report, the Project site drainages (described below) are of greatest 
interest, followed by Victoria Creek, which forms the receiving environment for all Project 
related drainage. 

The Site itself is drained primarily by two small creeks – Dome Creek (4.5 km2) and Pony 
Creek (1.7 km2) (Figure 1-2). Most of the Site footprint is located within the Dome Creek 
watershed. The headwaters of Dome Creek are located above the mill site where the creek 
flows eastward past the Tailings Storage Facility (TSF) via a diversion channel (on the 
northern side of the TSF) and continues eastward and then southeastward to its confluence 
with Victoria Creek. The lower portion of Dome Creek receives flow from the diversion 
channel, as well as from the TSF seepage pond, which is pumped into the creek upstream 
of the confluence with the diversion channel. Channel icing (aufeis) is extensive throughout 
the Dome Creek drainage, and the stream channel is typically frozen to bed throughout the 
winter. The seepage pond continues to accumulate water throughout the winter and is 
continuously pumped to Dome Creek where it freezes. At the Mount Nansen access road 
crossing of the creek, this accumulation of aufeis often leads to ice blockage in the culvert 
and build-up on the road. The melt of this aufeis, including the accumulated ice formed 
from the seepage pond outflows, typically leads to high flows in May and at times in June.  

Pony Creek is a small ephemeral stream located to the north of the Dome Creek drainage, 
and drains part of the Site north of the Brown-McDade Pit. This creek flows southeast to 
its confluence with Back Creek via a poorly defined channel that freezes to the bottom 
during the winter. Pony Creek has been modified by historical mining activity, including 
ongoing placer mining (EDI, 2014a), trenching, exploration roads, waste rock piles, earth 
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berms, gravel quarries, and old adit and core shacks (EDI, 2012a). Upstream of the 
confluence with Back Creek, Pony Creek flows through a fan, and the stream is 
characterized by both gaining (re-emergence of sub-surface flow) and losing (to sub-
surface flow paths) reaches. A previous study (AECOM, 2010b) provided evidence for 
shallow groundwater flow paths via fractured bedrock between the Pony Creek and Brown-
McDade Pit. These pathways were noted to activate during high flow events in response to 
rainfall and spring snowmelt events.  When activated, surface flows in Pony Creek recharge 
shallow groundwater flowpaths which discharge to the Brown-McDade Pit via the north 
wall (AECOM, 2010b). More recently, placer mining activity and associated water 
diversions in Pony Creek have diverted this flowpath, removing a source of water reporting 
to the pit, and resulting in historically low pit water levels. Information for Pony Creek is 
not presented in this report because very little continuous data is available for the stream.  
Further, its flow path (i.e. outside of most Project components) and physical characteristics 
(described above) made it not useful to the water quality modelling component of the 
Project. 

Victoria Creek is the largest watershed considered in this assessment, and has a drainage 
area of 112 km2 at its confluence with the Nisling River. In the context of the local 
drainages, Back Creek, Dome Creek, Dry Creek (located downstream of the Site), and 
Minnesota Creek are all tributaries of Victoria Creek.  

Back Creek is a small drainage (10.4 km2) located north of the Site, and flows southeast to 
the eastern edge of the Order In Council (OIC) boundary and into Victoria Creek upstream 
of the pumphouse (artesian well water source). The upper and mid-sections of Back Creek 
are influenced by active placer mining operations, resulting in high suspended sediment 
loads in this stream during the open water period. These high sediment loads have resulted 
in the water level logger located at the H-BC station being silted in on several occasions 
(AECOM, 2010a). Back Creek is also subject to aufeis formation, and the channel typically 
freezes to substrate by mid-October, until it melts in early May. 

South of the Dome Creek confluence, Minnesota Creek (having a drainage area of  
12.7 km2) joins Victoria Creek on the eastern side, upstream of the Mount Nansen access 
road crossing. This drainage is not influenced by the Mount Nansen mining activities, and 
is gauged primarily as a reference stream. Data from this station are not presented in this 
report, as they are not directly relevant to the water balance and water quality modelling 
effort completed in support of this application. 
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Figure 1-1: Mount Nansen Location Map 
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2. Climate and Streamflow
Monitoring Programs 

2.1 Baseline Meteorological Study 

Over the years, climate data have been collected at the Site by several entities, including 
Gartner Lee, AECOM and AMEC). Most recently, climate data were collected by Northern 
Avcom and Environmental Dynamics Inc. (EDI), who were retained by Yukon 
Government, Assessment and Abandoned Mines Branch (AAM) beginning in 2011. EDI 
has submitted monitoring reports (e.g., annual reporting for 2011 and 2012; monthly 
reporting for 2015-16) to AAM since the initiation of their contract in 2011, and the reader 
is referred to these reports for more detail on the annual conditions at Site and monitoring 
network status and changes. Additionally, the baseline meteorological study draws upon 
the following data sources and/or technical summaries: 

• Environmental Dynamics Inc. (EDI) (2016). Mount Nansen Water Resources
Investigations 2016/17: Methodology. Prepared for Yukon Energy, Mines and
Resources, Assessment and Abandoned Mines, Whitehorse, Yukon. July 2016.

• AMEC (2014) Mount Nansen Site Characterization Report. Yukon Energy, Mines
and Resources, Assessment and Abandoned Mines, Whitehorse, YT.

• AECOM (2010c). Development of a Mount Nansen Precipitation, Temperature,
and Evaporation Data Record and Pit and Tailings Pond Inflow Volume Estimation
(Appendix D) in LORAX 2011 Mount Nansen Options for Closure. Prepared for
Assessment and Abandoned Mines Branch, Department of Energy, Mines and
Resources, Government of Yukon.

2.1.1 Site Meteorological Data 

A climate station (ATM-ROAD AAM) was installed to specifically support this phase of 
permitting at Mount Nansen. The climate station was installed by EDI Environmental 
Dynamics Inc. in October 2011 and is situated at elevation 1,255 meters above mean sea 
level (m asl). Figure 2-1 shows the location of several Site-specific snow course stations 
sampled during the period of baseline study, as well as the location of a nearby long-term 
snow course monitoring station (SC-AIR or 09CA-SC01) maintained by the Yukon 
Government. The 09CA-SC01 snow course is situated approximately 5 km from the ATM-
ROAD AAM climate station. 
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Resources. All Rights Reserved.
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A Campbell Scientific climate station was established at ATM-ROAD AAM to measure 
air and ground temperature, relative humidity, rainfall, snow depth, net shortwave and 
longwave radiation, net radiation, wind speed, and wind direction. Additionally, a 
barometric logger is installed at ATM-ROAD AAM which collects barometric pressure 
and air temperature data that is relevant to the baseline hydrology program. Table 2-1 is 
reproduced from EDI (2015) and summarizes climate data parameters, sampling 
frequencies and reporting protocols for the measurements collected at the Mount Nansen 
climate station. 

The period of record at ATM-ROAD AAM presented within this report covers October 20, 
2011 through to October 31, 2016 excluding a data gap in 2014 (January 3 to April 8, 2014) 
during which time climate sensors were factory calibrated.   Routine maintenance of the 
climate station (e.g., checking sensor cables for wear, cleaning solar panel and sensors of 
snow/debris, calibrating sensors, replacing and upgrading hardware as required) was 
performed by Northern Avcom during regularly scheduled Site visits. Offloaded data from 
the ATM-ROAD AAM datalogger were compiled to a central database with basic quality 
control/quality assurance performed following protocols outlined in EDI (2015). 

2.1.2 Site Snow Course Stations 

For one winter (i.e., November 2010 through May 2011), an intensive set of snow depth 
and snow water equivalent (SWE) measurements were made across the property (EDI, 
2012b). Specifically, snow course stations established at 19 locations were sampled on 
eight occasions (Table 2-2). Selected snow course stations spanned an elevation gradient 
of ~250 m (i.e., stations elevations ranged from 1,000 to 1,250 m asl) and represented 
various aspects (e.g., north facing versus south facing slopes) and representative cover 
types (e.g., natural/undisturbed versus exposed waste rock). Included in the list of 19 
locations was a snow course established adjacent to the ATM-ROAD AAM climate station 
(labelled ATM-ROAD, SC-MS-1 on Figure 2-1). 

Snow course measurements were carried out at the Site following the British Columbia 
Ministry of Environment (BC MOE, 1981) protocols (i.e., sampling locations along a 
transect were each sampled for depth and snow water equivalent [SWE] then averaged to 
a composite value). Maximum SWE accumulation is typically realized in the Yukon, and 
at Mount Nansen, by the end of March of each year. Therefore, to enable direct 
comparisons between Site and regional SWE data, March 1 and April 1 snow course 
measurements at the Site were scheduled to correspond closely with timing of snow course 
sampling dates at stations maintained by the Yukon Government. 
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Table 2-1: 
Summary of climate data parameters, sampling frequencies and reporting protocols for measurements collected at Mount 

Nansen climate station (ATM-ROAD AAM) – modified from EDI (2015). 

Reporting Time-step Meteorological Parameter Units Notes 

Daily  Air temperature (Maximum) °C Measured every 5 minutes; Daily maximum value is reported 

 Air temperature (Minimum) °C Measured every 5 minutes; Daily minimum value is reported 

 Relative humidity (Maximum) % Measured every 5 minutes; Daily maximum value is reported 

 Relative humidity (Minimum) % Measured every 5 minutes; Daily minimum value is reported 

 Snow depth cm Reports the depth of snow at the end of the day 

 Battery voltage V Measured every 5 minutes; Daily minimum value is reported 

Hourly Net shortwave radiation W/m2 Measured every 5 minutes; Hourly average is reported 

 Net longwave radiation W/m2 Measured every 5 minutes; Hourly average is reported 

 Net total radiation W/m2 Measured every 5 minutes; Hourly average is reported 

 Wind speed m/s Measured every 5 minutes; Hourly average is reported 

 Wind direction degrees Measured every 5 minutes; Hourly average is reported 

 Rainfall mm Total hourly rainfall 

 Snow depth cm Hourly sample recorded 

 Air temperature °C Measured every 5 minutes; Hourly average is reported 

 Relative humidity % Measured every 5 minutes; Hourly average is reported 

 Ground temperature at the surface °C Hourly sample recorded 

  Barometric pressure mbar Hourly sample recorded 
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Table 2-2: 
Snow Course Stations – Mount Nansen Mine Site (2010-11) 

    2010 2011 

Station ID Elevation (m) 
Northing 

UTM 
Easting 
UTM Nov Dec Jan Feb Mar Apr Mid-Apr May 

SC-DC-01 1,015 391514 6880404 x x x x x x x x 

SC-DC-02 1,022 391184 6880497 x x x x x x x x 

SC-DC-03 1,034 390832 6880442 x  x x x x x x 

SC-DC-04 1,044 390513 6880527 x  x x x x x x 

SC-DC-05 1,068 390094 6880572   x x x x x x 

SC-DC-06 1,074 389619 6880578 x x x x x x x x 

SC-DC-07 1,104 389080 6880653 x x x x x x x x 

SC-DC-08 1,118 388780 6880782 x x x x x x x x 

SC-DC-09 1,181 388063 6881155  x x x x x x x 

SC-DC-10 1,225 387649 6881101  x x x x x x x 

SC-NF-1 1,117 389350 6880450  x x x x x x x 

SC-NF-2 1,232 387670 6881070  x x x x x x x 

SC-SF-1 1,134 389503 6880928   x x x x x x 

SC-SF-2 1,186 388189 6881231  x x x x x x x 

SC-WR-1 1,191 389044 6881164 x x x x x x x x 

SC-WR-2 1,212 388802 6881366 x x x x x x x x 

SC-WR-3 1,214 388965 6881319 x x x x x x x x 

SC-Met 1,248 388350 6881586  x x x x x x x 

SC-AIR 986 392251  6879088          x   x   

Notes: 
x indicates the snow course station was sampled in 2010 and 2011. 
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2.1.3 Regional Meteorology Data 

Climate data are available for the Yukon from monitoring networks operated by both 
Federal and Yukon Governments (Table 2-3, Table 2-4 and Figure 2-2). Regional climate 
data and snow course measurements are invaluable to place shorter climate records into a 
broader context. 

Nearest climate stations to the Site include Pelly Ranch, Carmacks and the Carmacks CS 
climate stations (Table 2-3). There is a long history of monitoring (i.e., 50+ years of record) 
at the Pelly Ranch and Carmacks climate stations. However, it is notable that neither station 
is actively reporting weather data (i.e., Carmacks record ends in 2008, Pelly Ranch record 
ends in 2015). The Carmacks CS climate station remains operational in 2017, although 
precipitation data are available from July 2013 onward and the record for other parameters 
(e.g., air temperature) dates to 2000 only.    

There are five regional snow course stations within proximity to the Site (Table 2-4, Figure 
2-2). The Williams Creek, Mount Berdoe, Satasha Lake, McIntosh and Mount Nansen 
snow course stations are operated by the Yukon Government and show record lengths that 
vary from 20 to 40 years. The Mount Nansen snow course station (09CA-SC01, elevation 
1,021 m asl) is closest to the Site (~5 km away from ATM-ROAD AAM). Snow depth and 
SWE measurements are typically sampled four times each year at regional snow course 
stations (January 1, February 1, March 1, and April 1). 
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Table 2-3: 
Regional Climate Stations nearest Mount Nansen. 

Station Name 
Distance to 
Site (km) Latitude Longitude Elevation 

Climate  
Identifier Parameters Frequency Period of record 

PELLY RANCH 90 62.83 -137.31 445 2100880 Air temperature (Min, Max, Avg), 
Total rain, Total snow, Total precip Monthly, daily 1951 to 2015 

CARMACKS 80 62.1 -136.3 525 2100300 Air temperature (Min, Max, Avg), 
Total rain, Total snow, Total precip Monthly, daily 1963 to 2008 

CARMACKS CS* 60 62.12 -136.19 543 2100301 Air temperature (Min, Max, Avg), 
Total rain, Total snow, Total precip Hourly, daily 2000 to 2017 

*Total precip data are limited at Carmacks CS (i.e., July 2013 to present). 

 
Table 2-4: 

Regional Snow Courses nearest Mount Nansen. 

Station ID Distance to Site (km) Elevation (m) Latitude Longitude Record 

Mount Berdoe 09AH-SC01 50 1,035 62° 02’ 136° 14’ 1976 to present 

Satasha Lake 09AH-SC03 77 1,106 61° 29’ 136° 16’ 1987 to present 

Williams Creek 09AH-SC04 41 914 60° 21’ 136° 43’ 1995 to present 

Mount Nansen 09CA-SC01 5 1,021 62 02’ 137° 03’ 1976 to present 

MacIntosh 09CA-SC02 39 1,160 61 43’ 137° 20’ 1976 to present 
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2.2 Mount Nansen Site Hydrometric Network 

2.2.1 Data Sources 

Streamflow data has been collected by AECOM from 2009 to 2011 (AECOM, 2011), and 
most recently by Environmental Dynamics Inc. (EDI), who were retained by Yukon 
Government and Abandoned Mines (AAM) beginning in 2011. EDI has submitted 
monitoring reports (annual for 2011 and 2012, quarterly for 2013 to 2015, monthly for 
2015/16) to AAM since the initiation of their contract in 2011, and the reader is referred to 
these reports for more detail on the annual conditions at Site and monitoring network status 
and changes.  

The streamflow data collected at the Mount Nansen Site from 2009 up to and including 
2014, has been previously summarized in the following reports: 

• AECOM (2010). Memorandum Re: Mount Nansen Hydrology Program Progress 
Summary (2009). Prepared for Assessment and Abandoned Mines Branch, Yukon 
Government. February 4, 2010. 

• AECOM (2011). Mount Nansen 2010 Hydrology Monitoring. Prepared for 
Assessment and Abandoned Mines. 

• AMEC (2014) Mount Nansen Site Characterization Report. Yukon Energy, Mines 
and Resources, Assessment and Abandoned Mines, Whitehorse, YT. 

• AMEC (2014) Mount Nansen Remediation Project 30% Design Phase Report. 
Yukon Energy, Mines and Resources, Assessment and Abandoned Mines, 
Whitehorse, YT. 

• Environmental Dynamics Inc. (EDI) (2012). Mount Nansen Site Hydrologic 
Monitoring 2011-2012. Prepared for Yukon Energy, Mines and Resources, 
Assessment and Abandoned Mines, Whitehorse, Yukon. May 2012. 

• Environmental Dynamics Inc. (EDI) (2013). Mount Nansen Site Data Report: 
Surface Water and Meteorological Monitoring 2012/13. Prepared for Yukon 
Energy, Mines and Resources, Assessment and Abandoned Mines, Whitehorse, 
Yukon. March 2013. 

• Environmental Dynamics Inc. (EDI) (2013). Mount Nansen Water Resource 
Investigations Quarterly Report April-June 2013. Prepared for Yukon Energy, 
Mines and Resources, Assessment and Abandoned Mines, Whitehorse, Yukon. 
October 2013. 
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• Environmental Dynamics Inc. (EDI) (2014). Mount Nansen Water Resource 
Investigations Quarterly Report July-September 2013. Prepared for Yukon Energy, 
Mines and Resources, Assessment and Abandoned Mines, Whitehorse, Yukon. 
February 2014. 

• Environmental Dynamics Inc. (EDI) (2014). Mount Nansen Water Resource 
Investigations Quarterly Report October-December 2013. Prepared for Yukon 
Energy, Mines and Resources, Assessment and Abandoned Mines, Whitehorse, 
Yukon. March 2014. 

• Environmental Dynamics Inc. (EDI) (2014). Mount Nansen Water Resources 
Investigations Quarterly Report January to March 2014. Prepared for Yukon 
Energy, Mines and Resources, Assessment and Abandoned Mines, Whitehorse, 
Yukon. April 2014. 

• Environmental Dynamics Inc. (EDI) (2014). Mount Nansen Water Resources 
Investigations Quarterly Report (Q1) April-June 2014. Prepared for Yukon Energy, 
Mines and Resources, Assessment and Abandoned Mines, Whitehorse, Yukon. 
September 2014. 

• Environmental Dynamics Inc. (EDI) (2015). Mount Nansen Water Resources 
Investigations Quarterly Report (Q2) July to September, 2014. Prepared for Yukon 
Energy, Mines and Resources, Assessment and Abandoned Mines, Whitehorse, 
Yukon. February 2015. 

• Environmental Dynamics Inc. (EDI) (2015). Mount Nansen Water Resources 
Investigations Quarterly Report Q3 October to December. Prepared for Yukon 
Energy, Mines and Resources, Assessment and Abandoned Mines, Whitehorse, 
Yukon. February 2015. 

• Environmental Dynamics Inc. (EDI) (2015). Mount Nansen Water Resources 
Investigations Quarterly Report (Q4) January-March 2015. Prepared for Yukon 
Energy, Mines and Resources, Assessment and Abandoned Mines, Whitehorse, 
Yukon. April 2015. 

• Environmental Dynamics Inc. (EDI) (2015). Mount Nansen Water Resources 
Investigations 2015-2016: Methodology. Prepared for Yukon Energy, Mines and 
Resources, Assessment and Abandoned Mines, Whitehorse, Yukon. September 
2015. 

• Environmental Dynamics Inc. (EDI) (2016). Mount Nansen Water Resources 
Investigations 2016/17: Methodology. Prepared for Yukon Energy, Mines and 
Resources, Assessment and Abandoned Mines, Whitehorse, Yukon. July 2016. 
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2.2.2 Hydrometric Network 

The hydrometric network at the Site has been in continuous operation since 2009, but has 
undergone changes throughout this period in response to optimization of monitoring 
objectives. The full list of hydrometric stations that have been monitored at Site is provided 
in Table 2-5, and shown in Figure 1-2 and Figure 2-3. Note that several of these stations 
are no longer monitored, thus the currently operating stations are highlighted in the table 
for reference.  

A fulsome description of the monitoring network in its current state is presented in 
Appendix A: Mount Nansen Water Resources Investigations 2016/17: Methodology, and 
the reader is referred to this document for details on the following: 

• Monitoring network description; 

• Discharge measurement methods (including velocity-area mid-section, salt 
dilution, volumetric and v-notch weir); 

• Winter streamflow measurements; 

• Levelling surveys; 

• Data validation, QA/QC and management; 

• Rating curve development; and 

• Calculation of continuous stage and discharge time-series. 

In summary, the manual streamflow measurement program is conducted on a monthly 
basis, year-round at the Site.  During freshet, an additional monitoring event is scheduled, 
resulting in one month (typically April or May) where two manual hydrometric 
measurements are made. Continuous water levels are recorded at the stations denoted as a 
Type ‘C’ in Table 2-5, and these continuous readings are carried through into the winter 
months at those stations denoted as Type ‘CW’. While instantaneous discharge 
measurements are collected throughout the winter, no rating curves are developed using 
these measurements, or applied to the winter water level readings, due to the known 
influence of channel ice on the hydraulic relationship. 

2.2.2.1 Tailings Storage Facility Seepage Pond 

Water is pumped year-round from the seepage pond located down gradient of the tailings 
storage facility. In 2012, a new flow gauge was installed to measure the outflows from the 
seepage pond (see Section 3.2.2.9 in EDI 2013a for further detail). The data collected by 
the flow gauge was compared to concurrent volumetric measurements for a period of  
7 months in 2012 (Figure 2-4). There was good agreement between the two methods for 
this period (see Table 3-13), and therefore the data collected from 2006 to 2011 was 
adjusted upwards using the regression relationship obtained from the overlapping data 
collected in 2012. 
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Table 2-5: 
Mount Nansen hydrometric stations. Highlighted rows indicate the stations for which data are presented in this report. 

Notes: 
1. HID = unique station identifier that corresponds with hydrometric database tables. 
2. Station Type: ATM = atmospheric pressure monitoring; C = continuous water level monitoring with instantaneous discharge rating measurements; I = instantaneous stage and/or discharge measurement; 
CW = continuous winter water level monitoring with instantaneous discharge rating measurements. 
3. NAD 83, UTM Zone 8. 
4. This station was installed in 2015 due to icing conditions at H-VC-R preventing accurate discharge measurements. 

Drainage Station HID1 Location Type2 UTM E3 UTM N3 Drainage 
Area (km2) Record Period 

Pony Creek 
H-PC-U Upper Pony Creek C 388,709 6,881,930 0.84 2010-2013 

H-PC-DSP Pony Creek Downstream of Pit C 388,986 6,881,734 1.0 2009-2016 

Dome Creek 

H-DC-DX Dome Creek at DX I 387,674 6,881,127 0.2 2012-2013 

H-DC-DX+105 Dome Creek at DX+105 I 387,820 6,881,150 0.9 2012-2016 

H-D1/H-DC-D1 Dome Creek at D1 I 388,167 6,881,059 0.91 2011,2012 

H-DC-D1b Dome Creek at D1b I 388,262 6,881,000 1.4 2012-2016 

H-DC-U1 Upper Dome Creek 1 C 388,919 6,880,772 2.1 2010-2013 

H-DC-U2 Upper Dome Creek 2 C 388,937 6,880,819 2.1 2011-2013 

H-DC-B Diversion Channel at Bridge C/I 389,480 6,880,780 3.0 2014-2016 

H-DC-M WP Middle Dome Creek Weir Pond C/CW 389,788 6,880,565 3.3 2011-2015 

H-TP Tailings Pond I 389,427 6,880,625 -- 2012 

H-SEEP Seepage Pond Outflow I 389,604 6,880,598 -- 2006-2015 

H-DC-R Dome Creek at Road C 389,817 6,880,561 4.5 2009-2016 

Back Creek H-BC Back Creek C 391,626 6,880,901 10.4 2009-2016 

Minnesota Creek H-MN Minnesota Creek C 392,540 6,879,249 12.7 2012-2013 

Victoria Creek 

ATM-VC5  Barometric at Victoria Creek ATM 391,626 6,880,872 -- 2011-2016 

H-VC-REF Victoria Creek Reference Site C 391,650 6,881,113 64 2011-2013 

H-VC-U Upper Victoria Creek C/CW 391,667 6,880,882 64.6 2009-2016 

H-VC-DBC Victoria Creek Downstream of Back C/CW 391,627 6,880,840 75 2012-2016 

H-VC-UMN Victoria Creek Upstream of Minnesota Creek C/CW 392,413 6,879,244 83.4 2012-2016 

H-VC-R Victoria Creek at Road C/CW 392,305 6,878,755 97.7 2011-2015 

H-VC-R+2904  Victoria Creek at Road + 290 C/CW 392,295 6,878,638 97.7 2015-2016 
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Figure 2-4: Monthly tailings storage facility seepage pond outflows. 
 

2.2.3 Regional Hydrometric Network 

As per the meteorology discipline, regional hydrometric data were assembled as part of the 
baseline hydro-meteorology characterization. The regional stations selected and their basin 
characteristics are summarized in Table 2-6 below and are also shown in Figure 2-8 for 
reference. Note that while 10 stations in the Yukon Hydrometric Network (YHN) fall just 
inside of this radius, most of them are located along the eastern foothills of the St. Elias 
mountain range, and are thus not considered representative of the streamflow regime at the 
Mt. Nansen Site. As a result, these stations were not included in the regional analysis. 
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Table 2-6: 
Regional Hydrometric Stations within 150 km of the Mt. Nansen Site 

Station ID Station Name Drainage 
Area (km2) 

Period of 
Record Agency Feasibility Study Comments Latitude Longitude 

08AA001 Aishihik River near Whitehorse 4,300 1950-1986 WSC Used for the regional peak and low flow analyses 60°51'40" N 137°03'40" W 

08AA003 Dezadeash River at Haines Junction 8,450 1952-2015 WSC Used for the regional peak and low flow analyses 60°44'53" N 137°30'30" W 

08AA009 Giltana Creek near the Mouth 190 1980-2015 WSC Used for the regional peak and low flow analyses 61°11'42" N 136°58'55" W 

08AA010 Aishihik River below Aishihik Lake 3,000 1980-2016 WSC Used for the regional peak and low flow analyses 61°11'06" N 136°59'29" W 

09AB009 Yukon River above Frank Creek 30,800 1953-1994 WSC Not representative of Site streamflow regime, not used 
in regional analyses 61°26'04" N 135°11'18" W 

09AF001 Teslin River near Whitehorse 36,500 1955-1973 WSC Used for the regional peak and low flow analyses 61°29'21" N 134°46'35" W 

09AG001 Big Salmon River near Carmacks 6,760 1953-1996 WSC Used for the regional peak and low flow analyses 61°52'21" N 134°50'10" W 

09AH001 Yukon River at Carmacks 81,800 1951-2015 WSC Used for the regional peak and low flow analyses 62°05'40" N 136°16'20" W 

09AH003 Big Creek near the Mouth 1,800 1974-2015 WSC 

Used as the regional predictor station to generate long-
term, Site-specific synthetic discharge records for the 
Project area, and in the regional peak and low flow 
analyses 

62°34'4" 137°0'34" 

09AH004 Nordenskiold River below Rowlinson Creek 6,410 1982-2015 WSC Used for the regional peak and low flow analyses 62°03'4" 136°16'49" 

09AH005 Drury Creek at km 469 Robert Campbell 
Highway 552 1995-2015 WSC Used for the regional peak and low flow analyses 62°12'00" 134°23'16" 

09BB002 MacMillan River near the Mouth 13,800 1984-1996 WSC Used for the regional peak and low flow analyses 62°53'36" N 135°30'36" W 

09BC001 Pelly River at Pelly Crossing 48,900 1951-2015 WSC Used for the regional peak and low flow analyses 62°49'47" 136°34'50" 

09CA002 Kluane River at Outlet of Kluane Lake 4,950 1952-1995 WSC Not representative of Site streamflow regime, not used 
in regional analyses 62°04'56" N 139°51'35" W 

09CA003 Donjek River below Kluane River 12,400 1979-1994 WSC Not representative of Site streamflow regime, not used 
in regional analyses 62°4'56" 139°51'35" 

09CA006 Nisling River below Onion Creek 7,910 1995-2015 WSC Used for the regional peak and low flow analyses 62°12'17" 139°2'33" 

09DD004 McQuesten River near the Mouth 4,750 1979-2015 WSC Used for the regional peak and low flow analyses 63°36'40" 137°16'10" 
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2.3 Data Analyses and Outputs 

The sections below describe data analyses and outputs assembled in support of the baseline 
meteorology and hydrology studies. Descriptions are provided to explain a recurrence 
interval analysis approach for SWE, seasonal rainfall, and the calculation of potential 
evaporation estimates from Site climate data. Methods and approaches to assemble 
regional streamflow metrics are also discussed below. 

2.3.1 Recurrence Interval Analysis – SWE and Rainfall 

Long-term regional climate records were used to create synthetic datasets for SWE and 
seasonal rainfall. Creation of synthetic datasets and the recurrence interval analyses were 
undertaken as follows: 

• Synthetic datasets were computed for April 1 SWE and seasonal rainfall. A 
synthetic dataset was computed for April 1 SWE as regional data confirm water 
stored in snow packs reach a maximum by April 1 and this storage excludes 
snowfall lost through winter sublimation. The reader is referred to Figure 3-5 (upper 
panel) and related text for more detail. Seasonal rainfall considered any rainfall 
realized between April 1 and October 31. Considered in aggregate, April 1 SWE 
and seasonal rainfall are a robust measure of effective precipitation.  

o The nearby 09CA-SC01 snow course served as the predictor station for the 
April 1 synthetic SWE record for Site. Period of record at this monitoring 
station is extensive and covers the 1976 to 2016. A comparison with data 
collected on-Site is provided in Section 3.1.2.1. 

o The Pelly Ranch and Carmacks climate stations were considered as predictor 
stations for the seasonal rainfall recurrence interval analysis. Both records 
exceed 40 years in duration, noting the Pelly Ranch station is the longer of the 
two. 

• For both the April 1 SWE and seasonal rainfall assessments, mine Site data were 
compared to regional observations for corresponding time periods. Based on the 
comparison, data scalars were calculated and then applied to the long-term regional 
record. In this regard, the data scalars were used to adjust the regional climate 
record upward or downward to be representative of conditions at the Site.  

o Site and regional data used to generate data scalars for April 1 SWE and 
seasonal rainfall (April to October) are presented and discussed in Section 3.1.   

• Adjusted climate records were next exported to Mathwave EasyFit statistical 
software. Using EasyFit, an array of continuous probability distributions were fitted 
to the input datasets. For a suite of wet and dry conditions (i.e., 1:2, 1:5, 1:10, 1:20, 
1:50 and 1:100 year events), recurrence interval estimates for April 1 SWE and 
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seasonal rainfall were computed from the GEV (generalized extreme value) 
continuous probability distribution.  

2.3.2 Potential Evaporation Estimates 

Hourly potential evaporation rates were computed using Mount Nansen climate station 
data and the Ref-ET calculator which is a compiled, stand-alone computer program that 
calculates reference evapotranspiration and potential evaporation (ASCE, 2005). For the 
period of available record, an hourly climate input file was prepared from the Mount 
Nansen climate station database. The input variables required by Ref-ET include date and 
time stamps, air temperature, relative humidity, net radiation, wind speed, and atmospheric 
pressure data.   

From the assembled climate inputs, Ref-ET returned potential evaporation (PE) 
computations at hourly time step for several standard evaporation models (e.g., Penman-
Monteith model, Priestley-Taylor formulation). Hourly results from Ref-ET for a standard 
Penman-Monteith model were aggregated to daily time-step using pivot tables in MS-
Excel. Daily potential evaporation estimates were then summarized (i.e., plots, monthly 
data table) and compared to PE values reported for other Yukon mining projects.  

2.3.3 Regional Streamflow Summary Statistics 

To obtain the input data required for the regional streamflow analyses (annual runoff, 
monthly distributions, peak and low flow recurrence interval estimates, etc.), the daily 
time-series (in m3/s) from the hydrometric stations listed in Table 2-6 were run through a 
customized routine to extract the relevant metrics. Extracted metrics included the 
following: 

• Average annual (calendar year and water year [October to September]) discharge; 

• Annual maximum and minimum daily discharge; 

• Annual and June-September minimum 7-day average discharge; 

• Average monthly discharge (m3/s) and runoff (mm). 

Section 3.6.1 presents the results of the annual runoff assessment, along with recurrence 
interval estimates of annual runoff for the Site stations of interest. The statistical methods 
used to generate the recurrence interval estimates are the same as those used for the 
regional peak and low flow analyses, described in Sections 2.3.4 and 2.3.5 below. 

2.3.4 Regional Peak Flow Analysis 

A frequency analysis was used to estimate the recurrence of discharges of a particular 
magnitude for all regional hydrometric stations within a 150 km radius of the Mt. Nansen 
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Site. In a frequency analysis, a time-series of annual flow events are viewed as being a set 
of events sampled from a population of all events that is infinitely long and therefore 
continuous. Continuous probability distributions (e.g., Log Pearson Type III, Generalized 
Extreme Value, Log Logistic 3P) are then fitted to the observations and future and/or 
extreme events (e.g., 1:200 year flood) are estimated from best fitting probability 
distributions. Statistical tests (e.g., Kolmogorov Smirnov; Anderson Darling) may be used 
to isolate the probability distributions that best fit the observations or return a conservative 
result (Meylan et al., 2012). The frequency analysis may also be based a priori on a 
probability distribution conventionally applied in hydrology studies (e.g., Log Pearson 
Type III).  

Annual time-series of instantaneous maximum discharge values from the regional stations 
listed in Table 2-6 were compiled. Where the instantaneous maximum value was missing, 
the maximum daily discharge for that year (assuming a complete record was available) was 
scaled by the average ratio of instantaneous to daily peak flow from the other years in the 
station record (per Ahmed and Jackson 2013). This ratio ranged from 1.01 to 1.24, with 
the ratio generally increasing with decreasing basin size (i.e., smaller basins show flashier 
runoff characteristics). The final datasets were then input to the EasyFit Professional (v5.5) 
software and a range of distributions were fit. The Log Pearson (Type III) distribution was 
used for most stations, with the Log Logistic 3P distribution providing the best fit (using 
the Anderson Darling test) for several of the smaller drainage basins.  

2.3.5 Regional Low Flow Analysis 

As per the peak flow analysis, the same set of regional stations were assessed in a low flow 
analysis. To process datasets for the low flow analysis, daily discharge data from eleven of 
the selected regional hydrometric stations were downloaded from the Water Survey of 
Canada data portal and seven-day rolling averages were computed from the daily discharge 
data. Next, annual minima time-series of the winter and June-September 7-day average low 
flows were assembled for each station. These data were then exported to the EasyFit 
software for further evaluation.  

Through an inspection of the statistics and ranking data output by EasyFit, no single 
probability distribution could be identified that consistently provided a best fit to the station 
observations of low flow. However, the Log Pearson Type III (LP3), Weibull and Log 
Normal distributions were, in general, high ranking distributions for each hydrometric 
station inspected. Furthermore, estimated low flows based on these three probability 
distributions were very similar. Consistent with guidance from the BC Ministry of 
Environment (see BC MOE, 2012), low flow values returned by the LP3 distribution are 
reported in Section 3.2, noting that recurrence interval estimates were derived for the 7Q2 
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(median), 7Q5, 7Q10 and 7Q20 events. Where the LP3 distribution did not provide a good 
fit to the data, the Weibull distribution was used following the guidance provided in WMO 
(2009). 

As a final step in the low flow analysis, estimated low flows for each station were plotted 
against their respective drainage areas. This plot in effect allows a low flow metric to be 
estimated for a location of interest based on drainage area information alone. Summer and 
winter manual low flow measurements collected from the Project drainages were added to 
these regression plots, in an effort to validate the low flow-drainage area relationship for 
the smaller spatial scale (i.e., drainage areas on the order of 1 to 100 km2).  

2.3.6 Long-term Synthetic Streamflow Records 

The high-quality discharge records available for the Site allowed synthetic discharge time 
series to be constructed for four project hydrometric stations (DC-B, DC-R, VC-DBC and 
VC-UMN) using regional streamflow data as a driver. Synthetic streamflow records allow 
the site-specific characteristics of the Project basins to be retained in a longer term record, 
while preserving any regional inter-annual variability in discharge. This allows for more 
robust recurrence interval estimates of critical discharge regime metrics (e.g., mean annual 
runoff, seasonal runoff distribution, June-September 7Q10, etc.), and also maintains the 
regional inter-annual variability in streamflows resulting from multi-decadal climate cycles 
(e.g., PDO, AO) and trends (e.g., increasing winter low flows). An excerpt from Appendix 
A of the Water Balance and Water Quality Model Report (Lorax 2017) is provided below 
to describe the process of generating synthetic discharge records for the Site drainages, to 
be used as the primary streamflow inputs to the site-wide water balance model. The reader 
is referred to Lorax (2017), which provides a fulsome description of these synthetic data, 
and their incorporation into the site-wide water balance model.  

Four regional stations from the Water Survey of Canada (WSC) network were assessed for 
use as the predictor dataset, all of which gauge watersheds located near to the Site, and are 
under 10,000 km2 in area, and thus are more likely to contain streamflow responses that 
are similar to the Site watersheds: 

• Big Creek near the Mouth (09AH003; 1,800 km2; 1974-2015) 
• Nordenskiold River below Rowlinson Creek (09AH004; 6,410 km2; 1982-2015) 
• Drury Creek at KM 469 Robert Campbell Highway (09AH005; 550 km2; 1995-

2015) 
• Nisling River below Onion Creek (09CA006; 7,910 km2; 1995-2015) 

The comparison focused on whether the progression of streamflows was reflective of Site 
conditions, and in particular, whether the magnitude and timing of freshet, periodic rainfall 
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event drive peak flows, recession curve shape, and low flow regimes matched those 
measured at Site. Following this comparative exercise, the hydrometric record from the 
Big Creek near the Mouth WSC gauge was used as the predictor basin for all synthetic 
hydrographs. A plot showing the unit yields for the Site stations in Table 2-5 overlaid on 
the Big Creek yields is presented in Figure 2-6 for reference. 

 
Figure 2-6: Site watershed and Big Creek (09AH003) unit yield time-series (2014-

2016) 

Following the Empirical Frequency Pairing (EFP) methodology described by Butt (2013), 
the overlapping periods of record were selected for the Site station and the representative 
regional station. Data were discretized by month, and all available daily average flows for 
each month were ranked. For example, if there were data available for the month of April 
over three years, then the number of paired observations was 90. The paired and ranked 
observations were then plotted, with the regional station set as the predictor variable  
(x-axis). Due to the limited availability of continuous winter flow data, all data for the 
months of October through April were grouped to represent the winter low-flow regime. 
Additionally, all available spot flow measurements were included in the analysis to buttress 
the continuous low flow discharge data. 

The methodology described in Butt (2013) was modified to improve the predictive power 
of the EFP method. A piece-wise linear regression approach was employed to estimate 
flow values that fall between each Site-regional data pair. For cases where the 
minimum/maximum daily flow in the record fell outside of the Site data record, the 



CLIMATE AND STREAMFLOW MONITORING PROGRAMS 
MOUNT NANSEN – HYDRO-METEOROLOGY BASELINE REPORT  2-22 

22-Aug-17  A422-3 LORAX 

relationships were extrapolated using a linear relationship between at least 10 data pairs, 
and an understanding of the regional peak and low flow unit yields.  

An example of the EFP relationship for the Dome Creek at the Road (DC-R) hydrometric 
station is provided in Figure 2-7. 

 
Figure 2-7: Empirical frequency pairing relationship for September at 

hydrometric station DC-R 

The first attempt to construct a synthetic discharge series for the VC-DBC node resulted in 
higher discharges than those measured at the downstream VC-UMN station, which has a 
larger contributing area, and would therefore be expected to generate relative more runoff 
in the winter. No losing reaches are thought to exist between these monitoring points, and 
the water quality record is indicative of lower winter flows at the upstream (VC-DBC) 
station. Finally, an inspection of the available continuous water level data from the  
VC-DBC station during the winter months indicated that these measurements were likely 
artifically elevated due to channel icing alteration of the hydraulic relationship between 
flow and stage at the gauging station. Accordingly, the VC-UMN synthetic record was 
scaled by a simple drainage area ratio (0.9), for all months due to issues with winter low 
flow data at VC-DBC. This record resulted in much improved model calibration to 
measured water quality during the winter. 

The synthetic discharge records generated for the four Site stations span the period of 1975 
to 2016 (42 years), which allows the shorter-term Site discharge records to be placed in a 
broader historical context. 
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3. Results
3.1 Meteorology 

3.1.1 Air temperature 

Air temperatures measured at the Site between October 2011 and October 2016 are 
presented in Figure 3-1, Figure 3-2 and Table 3-1. Typically, warmest air temperatures are 
recorded in the summer (June, July and August) in a given year and coldest air temperatures 
are recorded in the winter (December, January, February). For the period of baseline 
monitoring at ATM-ROAD AAM, the maximum and minimum daily air temperature 
measurements were 26.8°C (Jun 23, 2013) and -36.6°C (January 29, 2013) respectively 
(Figure 3-1). 

Mount Nansen air temperature data are compared to regional climate station data in Figure 
3-2 and Table 3-1 at monthly time steps. Overall, Site temperatures are generally consistent
with regional stations (Table 3-1), where mean annual air temperature values range from
values -3.8 to -1.4°C for the locations (Site and regional) and time periods reported. For
the period of record at ATM-ROAD AAM, July was confirmed as the warmest month
(mean monthly temperature was 11.2°C), whereas November, December and January were
the coolest months and each approximately -13°C on average.

3.1.1.1 Winter Temperature Inversions and Monthly Varying Lapse Rates 

At the elevation of the ATM-ROAD AAM climate station (1,255 m asl), a notable 
departure from the regional temperature signature occurs during winter months (Figure 
3-2). These data show that air temperatures recorded at the mine Site may be 5 to 10°C
warmer than measurements recorded at valley bottom stations (e.g., Carmacks, Carmacks
CS, and Pelly River). As described by Wahl (1987), this reversal of the normal lapse rate
(i.e., the intuitive decrease in temperature with increase in elevation, typically reported as
-6.0 °C/1,000 m elevation gain) and are commonly caused by cold Arctic air masses
pooling in the valley bottoms from November to March.

In Table 3-2, monthly lapse rates (i.e., the temperature difference between two stations 
expressed in units °C/1,000 m elevation gain) have been computed using monthly air 
temperature data from ATM-ROAD, Carmacks CS and Pelly Ranch climate stations, with 
months of the year indicating a reversal of the normal lapse (i.e., temperature increases 
with increase in elevation). Winter reversals of the normal lapse are noted at the Site 
between November and March with magnitude of the reversals greatest for months 
December, January and February (e.g., Table 3-2; +11.2 °C/1,000 m for January, computed 
against Carmacks CS climate data). 
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Figure 3-1: Daily minimum and maximum temperature data from the Mount 

Nansen climate station (ATM-ROAD AAM, elevation 1,255 m asl) for 
the period October 2011 to October 2016. 

 
Table 3-1: 

Mean monthly and annual air temperature summaries for ATM-ROAD AAM and 
nearest regional climate stations to Mount Nansen. 

ATM-ROAD AAM              

              
Year, Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

2011 nd nd nd nd nd nd nd nd nd -4.4 -15.9 -8.9 nd 

2012 -17.7 -8.0 -9.8 0.1 2.8 8.8 10.0 9.3 4.2 -6.2 -16.6 -18.4 -3.5 

2013 -13.3 -8.4 -10.9 -7.7 4.4 12.1 11.9 11.6 4.6 0.0 -13.7 -15.9 -2.1 

2014 nd nd nd 1.9 6.6 8.5 11.3 9.4 4.0 -3.1 -7.5 -8.0 nd 

2015 -11.8 -10.4 -7.0 -1.1 9.8 10.1 11.0 8.1 3.0 -0.5 -10.2 -11.8 -0.8 

2016 -7.5 -7.5 -3.6 1.8 6.8 10.4 11.8 10.7 4.8 -4.5 nd nd nd 

Average (2011-2016) -12.5 -8.6 -7.8 -1.0 6.1 10.0 11.2 9.8 4.1 -3.1 -12.8 -12.6 -1.4 

Regional Climate Stations              

Year, Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Carmacks CS (2011 to 2016) -20.5 -12.9 -7.8 1.3 9.1 13.8 15.4 13.3 7.6 -1.5 -15.1 -21.0 -1.5 

Carmacks (1963 to 2008) -25.4 -17.9 -10.1 0.5 7.6 13.5 15.3 12.9 6.8 -1.8 -13.9 -22.0 -2.9 

Pelly Ranch (1951 to 2015) -26.5 -20.4 -11.7 0.2 8.0 13.6 15.4 12.7 6.6 -2.5 -16.0 -24.3 -3.8 

Pelly Ranch (2011 to 2015) -20.8 -18.3 -11.5 -0.1 9.2 14.7 16.0 13.8 7.9 -1.4 -16.4 -20.7 -2.3 

Note: 
‘nd’ indicates that no data is available for this month. 
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Figure 3-2: Monthly temperature signatures for ATM-ROAD AAM and regional 

climate stations nearest the Site. 

 
Table 3-2: 

Monthly lapse rates derived for the mine Site using data recorded at ATM-ROAD, 
Carmacks CS and Pelly Ranch climate stations. 

 Average Lapse Rate (°C/1,000m elevation gain) 

Derivation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Carmacks CS (2011-16) 
used as low elevation station 11.2 6.0 0.0 -3.2 -4.2 -5.3 -5.9 -4.9 -4.9 -2.2 3.2 11.8 

Pelly Ranch CS (2011-15) 
used as low elevation station 10.4 12.1 4.6 -1.1 -3.9 -5.9 -6.0 -5.0 -4.8 -2.1 4.5 10.1 

Note: Grey shading indicates those months showing lapse rate >= 0°C/1,000 m. 

For months May through September, the local lapse rates reported in Table 3-2 are 
generally consistent with a normal lapse rate or the saturated adiabatic lapse rate (i.e., 
SALR; typical rate of cooling of ascending saturated air) of -5.0°C/1000 m. Referring to 
Figure 3-2 and Table 3-1, May to September air temperatures may be 3 to 4°C lower at 
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ATM-ROAD AAM than measured at closest regional climate stations (Figure 3-2, Table 
3-1). The ATM-ROAD climate station is roughly 700 to 800 m higher than nearest regional 
climate stations, and thus the measured temperature difference between the mine Site and 
closest regional stations equates to lapse rates on the order of -4.0 to -6.0°C/1,000 m for 
these months. 

3.1.2 Precipitation 

Figure 3-3 shows the spatial distribution of annual precipitation across the Yukon River 
basin. Marked with a yellow star in this figure, the Site is situated in the headwaters of the 
Yukon River basin, with flows emanating from the Site reporting ultimately to the Yukon 
River via the White River sub-basin. Annual precipitation is reported by Brabets et al. 
(2000) to range from 250 to 375 mm/yr near Mount Nansen.  

Precipitation data from two nearby climate stations indicate the following: mean annual 
precipitation for Carmacks and Pelly Ranch are 296 and 320 mm respectively; these two 
mean annual precipitation values fall roughly at the mid-point of the Brabets et al. (2000) 
precipitation band that contains the mine Site and the regional stations; and the proportions 
of rainfall and snowfall reporting at Carmacks and Pelly River are dominated by rainfall 
on an annual basis (i.e., Rain%/Snow% at Carmacks is 66/34 and at Pelly Ranch the 
proportions are 64/36).   

Period of record precipitation data for Carmacks and Pelly Ranch are summarized in Figure 
3-4 to give indication of the typically dry and wet months in the region on an annual basis. 
Overall, Figure 3-4 indicates that low precipitation accumulation is expected on average 
for the months of March and April (i.e., 3-4% of annual precipitation is expected in each 
month), whereas summer months see proportionally more precipitation (i.e., 50-55% of 
annual precipitation typically reports during June, July, August and September). 
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Figure 3-3: Distribution of annual precipitation across the Yukon River basin (modified from Brabets, 2000). The Mount 

Nansen location is approximated by the yellow star. 
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Figure 3-4: Long-term precipitation distributions for the Carmacks and Pelly 

Ranch climate stations. Monthly values represent proportions of total 
annual precipitation for the available period of record per station. 

 

3.1.2.1 Regional and Site SWE Measurements, Snow-depth relationship 

Regional snow course data are presented in Figure 3-5, Table 3-3, Table 3-4 and Figure 
3-6.  The upper panel of Figure 3-5 compares the relative magnitude of March 1 vs. April 
1 SWE estimates at the Mount Nansen 09CA-SC01 monitoring station. X-axis and Y-axis 
scaling is the same in this plot and a 1:1 line (diagonal dashed line) is indicative that snow 
course measurements recorded on the April 1 survey are the best proxy for maximum SWE 
at the onset of snowmelt. The lower plot of Figure 3-5 also shows snow course data from 
Mount Nansen (09CA-SC01). In this figure, a robust predictive relationship between April 
1 SWE and snow depth is illustrated and is based on 40 years of record. 

Table 3-3 summarizes long-term average March 1 and April 1 snow course measurements 
at five regional snow course stations near the Site (refer to Figure 2-2). As per Figure 3-5 
(upper), data in Table 3-3 confirm April 1 SWE estimates are 10 to 20% higher than March 
1 SWE estimates. Further, the data show that April 1 SWE estimates range from 80 to  
110 mm (elevations range from approximately 900 to 1,150 m asl) across the five stations. 
For the Mount Nansen (09CA-SC01) snow course, Table 3-4 summarizes period of record 
SWE and snow depth statistics (minimum, maximum, average, and standard deviation) for 
March 1 and April 1 in more detail. 
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Figure 3-5: Period of record (1976 to present) snow course data for Mount Nansen 

(09CA-SC01). The upper plot shows the relationship between 
Apr1:Mar1 SWE, whereas the lower plot shows a predictive 
relationship between Apr1 SWE and Snow Depth at the Mount Nansen 
snow course. 
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Table 3-3: 
March 1 and April 1 SWE Measurements at Regional Snow Course Stations 

Station ID Elevation (m) Avg SWE for March 1 
(mm) 

Avg SWE for April 1 
(mm) 

Mount Berdoe 09AH-SC01 1,035 97 110 

Satasha Lake 09AH-SC03 1,106 85 100 

Williams Creek 09AH-SC04 914 89 102 

Mount Nansen 09CA-SC01 1,021 69 80 

MacIntosh 09CA-SC02 1,160 81 100 

 

Table 3-4: 
Period of record (n = 40 yrs) snow depth and SWE statistics for Mount Nansen 

(09CA-SC01) snow course. 

 

A time series plot (1976 to 2016) showing patterns and variability in SWE and snow depth 
at the Mount Nansen (09CA-SC01) snow course is presented as Figure 3-6. In this figure, 
the timeframe corresponding to the period of baseline study is shown with grey shading. 
Furthermore, average SWE (orange) and average snow depth (blue) are shown with dashed 
lines in the plot for reference. Overall, Figure 3-6 confirms four consecutive years of above 
average snow accumulation (2010 to 2013) were followed by three consecutive years of 
below average SWE accumulation (2014 to 2016) at Mount Nansen. Calendar year 2011 
returned the period of record maximum SWE for the 09CA-SC01 station. 

 

 Mount Nansen (09CA-SC01) 

Metric Mar Depth (cm) Mar SWE (mm) Apr Depth (cm) Apr SWE (mm) 

Average 43 69 45 80 

Max 61 112 63 158 

Min 20 28 26 49 

St Dev 9.1 18.1 10.1 24.3 
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Figure 3-6: Time-series plot (1976 to 2016) showing patterns and variability in SWE and snow depth at the Mount Nansen 

(09CA-SC01) snow course. The timeframe corresponding to the period of baseline study is shown with grey 
shading. Average SWE (orange) and average snow depth (blue) are shown with dashed lines in the plot.  
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Figure 3-7 shows the available snow course data collected at the mine Site. Specifically, 
the figure shows March 1 and April 1 snow course data for the Dome Creek watershed 
plotted against monitoring station elevation for calendar year 2011. Also shown on the plot 
are SWE measurements recorded at 09CA-SC01 (Mount Nansen, Yukon Government) and 
the snow course established adjacent ATM-ROAD AAM for the March 1 and April 1 
sample dates for 2011. Time series data presented in Figure 3-6 for the Mount Nansen 
snow course show April 1 SWE measurements for this year (2011) are the period of record 
maximum. 

These data show the following with respect to patterns of SWE at the property in 2011: 
April 1 SWE measurements at sampling locations are consistently higher (by ~30% on 
average) than SWE measurements recorded on the March 1 survey; across an elevation 
change of ~250 m, the Dome Creek SWE measurments show some evidence for increasing 
value with increase in elevation (on the order of 8 to 10% increase in SWE per 100 m 
increase in elevation) for data collected both March 1 and April 1; and for the March 1 and 
April 1 sampling periods in 2011, the 09CA-SC01 SWE measurements (blue and grey 
squares, Figure 3-7) equate reasonably closely (within 10% of one another, but higher at 
09CA-SC01) to the SWE measurements recorded at the ATM-ROAD AAM snow course 
station (blue and grey circles, Figure 3-7).  

 
Figure 3-7: Plot showing 2011 snow course SWE results for the Site (Dome Creek 

Stations, Met Station) and the adjacent 09CA-SC01 monitoring station. 
SWE measurements are shown for March 1 and April 1 and plotted 
versus station elevation. 
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To compliment the 2011 SWE comparison (i.e., Figure 3-6, Figure 3-7) between mine Site 
and the regional snow course station, snow depth data recorded at the ATM-ROAD climate 
station corresponding to dates of snow surveys completed at 09CA-SC01 were converted 
to estimates of SWE then compared. This comparison was possible for the period 2012-16. 
Overall, the snow depth comparison reported in Table 3-5 confirmed that snow depths 
recorded at ATM-ROAD AAM for multiple years (i.e., 2012-16, n = 5) were approximately 
20% greater at the ATM-ROAD station, a finding indicative that SWE measurements at 
the mine Site may exceed the values (Figure 3-5, Table 3-4) returned by long-term 
monitoring at 09CA-SC01. 

Recurrence interval estimates for April 1 SWE are reported for the Site in Table 3-6. To 
compute these values, period of record SWE measurements for April 1 at 09CA-SC01 were 
first adjusted upward by 20% then a frequency analysis was conducted on the resulting 
synthetic data. The frequency analysis was conducted using EasyFit (Mathwave) statistical 
software, where the data were fit with a GEV (generalized extreme value) continuous 
probability distribution. Estimates of SWE were computed using the GEV distribution for 
a range (1:2, 1:5, 1:10, 1:20, 1:50 and 1:100 yr) of dry and wet conditions. Results 
presented in Table 3-6 indicate a 1:2 year April 1 SWE of 94 mm, with SWE estimates 
being approximately 50 mm (1:100 yr dry) and 200 mm (1:100 yr wet) for the Site for 
extreme conditions. 

Table 3-5: 
Comparison of April 1 snow depth and SWE data for Mount Nansen (09CA-SC01) 

and ATM-ROAD for 2012-16. 
 Mount Nansen (09CA-SC01) ATM-ROAD Station 

April 1, Year Depth (cm)a SWE (mm)a Snow Depth (cm)b Estimated SWE (mm)c 

2012 63 112 70 121 

2013 59 105 63 109 

2014 48 70 62 107 

2015 36 60 51 87 

2016 32 59 45 77 

Avg 47 81 58 100 

Notes: 
a) Snow depth and SWE measurements recorded during the April 1 snow survey 
b) Average daily snow depth recorded at the ATM-ROAD climate station for date corresponding to snow survey at 09CA-SC01 
c) Estimated SWE computed from a simple linear regression using 2012-16 depth and SWE measurements from 09CA-SC01 (i.e., 
SWE = 0.024(Depth)2 - 0.1724(Depth) + 34.926; R2 = 0.92) 
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Table 3-6: 
Recurrence interval estimates of SWE for the Site (elevation 1,255 m asl) 

Probability Event April 1 SWE (mm)* 
0.01 1:100 dry 49 
0.02 1:50 dry 53 
0.05 1:20 dry 59 
0.1 1:10 dry 65 
0.2 1:5 dry 74 
0.5 1:2 median 94 
0.8 1:5 wet 122 
0.9 1:10 wet 140 

0.95 1:20 wet 158 
0.98 1:50 wet 180 
0.99 1:100 wet 197 

*Notes: To compute these SWE estimates April 1 measurements from the 09CA-SC01 monitoring station were first adjusted 
upward by a factor of 1.24 then fitted with a GEV (Generalized Extreme Value) continuous probability distribution. Predicted 
SWE estimates for a range of probabilities were computed using Mathwave EasyFit statistical software. The reported values 
in this table represent April 1 SWE for elevation 1,255 m asl. 

3.1.2.2 Site Snow Depth and Snow Melt Summary 

Figure 3-8 shows continuous snow depth data for the ATM-ROAD AAM climate station 
for the available period of record. Four complete winter records were recorded at the Site 
(2011-12, 2012-13, 2014-15 and 2015-16).  

Snow accumulation begins in earnest at the Site by mid- to late October. In general, snow 
packs reach their maximum depths for the season by the middle of February. Figure 3-8 
shows pack depth is relatively stable between mid-February and the onset of snow melt in 
the spring. While pack depths are constant during this time period, SWE values continue 
to increase since maturing and weathering of the snow pack increases its density with time.  

Data in Figure 3-8 indicate the onset of melt conditions varies from year to year. For 
example, snowmelt and pack ablation was early and rapid in spring 2016 (light blue line), 
with much of the pack being lost by the first week of April. In contrast, onset of melt 
conditions began by May 1 in the spring of 2013. Based on the data collected thus far, melt 
out of snow packs occurs over a 20 to 30 day period.  
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Figure 3-8: Summary of continuous snow depth data collected at ATM-ROAD 
AAM climate station for the available period of record. 

3.1.3 Regional and Site Rainfall Summary 

3.1.3.1 Rainfall – Mount Nansen Site Data 

Rainfall data collected at the Site are presented in Table 3-7 and Table 3-8. The rainfall 
data reported in Table 3-7 were collected previously by Gartner Lee and span the 2000 to 
2005 timeframe. The rainfall data reported in Table 3-6 were collected at ATM-ROAD 
AAM and show coverage between April 2012 and October 2016. In both Table 3-7 and 
Table 3-8, seasonal (i.e., either April to September or April to October) rainfall totals for 
the Site are compared to regional climate stations (Carmacks, Pelly Ranch, Carmacks CS) 
for corresponding years where possible to do so.  

As per Figure 3-4, Site rainfall data confirm a similar distribution with months showing 
appreciable precipitation accumulation including June, July and August. These rainfall data 
also show that rainfall accumulation at the Site exceeds the depths recorded at nearest 
regional stations. For example, rainfall for the period from 2000 to 2005 was approximately 
12% higher at the Site than at the Pelly Ranch climate station. More recently, rainfall data 
collected at the Site between 2012 and 2014 exceeded rainfall accumulation at Pelly Ranch 
by roughly 20%.  
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Table 3-7: 
Comparison of corresponding rainfall data collected at the Site and nearest regional 

climate stations (2000 to 2005) 

 Rainfall (mm) 

Year Apr May Jun Jul Aug Sep The Site 
(Apr-Sep) 

Carmacks 
(Apr-Sep) 

Pelly Ranch 
(Apr-Sep) 

2000 10 48 47 88 118 85 396 409 354 

2001 2 nd nd nd 7 51 nd 179 248 

2002 5 20 29 52 70 5 181 182 236 

2003 6 24 68 61 38 13 210 160 163 

2004 13 32 45 61 24 45 220 152 173 

2005 1 21 107 93 29 38 289 221 236 

Average 6 29 59 71 48 40 259 217 235 

Notes: 
Site rainfall data April to September reported above are values reported by Gartner Lee (AMEC, Characterization Report); nd = no data. 

Table 3-8: 
Comparison of corresponding rainfall data collected at ATM-ROAD AAM climate 

station and nearest regional climate stations (2012 to 2016) 

 Rainfall (mm) 

Year Apr May Jun Jul Aug Sep Oct 
ATM-ROAD  

(Apr-Oct) 
Pelly Ranch  
(Apr-Oct) 

Carmacks CS  
(Apr-Oct) 

2012 3 21 61 63 79 21 10 256 196 nd 

2013 11 18 39 77 36 52 22 256 232 nd 

2014 5 24 26 71 41 57 13 236 193 160 

2015 6 8 25 57 98 26 17 238 nd 198 

2016 23 50 42 107 41 29 2 294 nd 198 

Average  10 24 39 75 59 37 13 256 nd nd 
Note: 
‘nd’ indicates that no data is available for this month. 

3.1.3.2 Regional rainfall data and recurrence interval estimates 

A summary of regional rainfall data is presented in Figure 3-9 and Figure 3-10.  In the 
upper panel of Figure 3-9, period of record seasonal rainfall data are presented for Pelly 
Ranch, Carmacks and Carmacks CS. For the Pelly Ranch and Carmacks stations, long-
term averages for the period of record are shown in the figure with dashes lines. These data 
confirm that long-term seasonal rainfall is roughly the same at Pelly Ranch and Carmacks 
(193 mm and 190 mm respectively), and ranged from 100 mm to 400 mm over the past 
five decades. While the long-term average rainfall is the same for the two stations, the 
lower panel of Figure 3-9 illustrates the variability that exists between the stations on an 
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annual basis.  A close inspection of the data indicates rainfall totals can vary on an annual 
basis often by 50%, yet the data plot 1:1 overall.  

Figure 3-10 compares period of record seasonal rainfall data for the Site (2000-2005, 2012-
2016) to period of record measurements at Pelly Ranch and Carmacks. As per results 
presented in Table 3-7 and Table 3-8, Figure 3-10 indicates seasonal rainfall totals at Mount 
Nansen exceed those measurements at Pelly Ranch and Carmacks by approximately  
15-20%. To generate recurrence interval estimates for seasonal rainfall representative of 
the Site, period of record rainfall totals for Pelly Ranch and Carmacks were adjusted 
upward by factors of 1.15 and 1.19 respectively.  

Next, the resulting time series (Pelly Ranch, n = 56 years; Carmacks, n = 40 years) were 
fitted with continuous probability distributions in EasyFit (results for GEV distribution are 
presented here). Finally, representative estimates for dry and wet year events (1:2, 1:5, 
1:10, 1:20, 1:50 and 1:100 year) were computed with results presented in Table 3-9. The 
recurrence interval analysis for seasonal rainfall returned 1:2 year values roughly 220 mm, 
with extreme dry and wet estimates (1:100 year) spanning a range 120 mm to 
approximately 400 mm respectively. For most events, recurrence interval estimates were 
similar in magnitude whether predicted from the Pelly Ranch or Carmacks adjusted time 
series. However, extreme wet year (e.g., 1:50 and 1:100 year) seasonal rainfall estimates 
were more conservative (i.e., larger) when predicted from the Carmacks time series. 
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Figure 3-9: Seasonal rainfall summaries for Pelly Ranch, Carmacks and Carmacks 

CS for available periods of record. Data are presented as time-series 
(upper) and regression plot (lower). Long-term averages and 1:1 lines 
are shown on the plots with dashed lines. 
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Figure 3-10: Comparison of rainfall data for available periods of record at the Site, 

Carmacks and Pelly Ranch.  
 

Table 3-9: 
Recurrence Interval Estimates for Site Rainfall (Apr to Oct) 

Probability Event Seasonal Rainfall 
(Pelly Ranch Predictor) 

Seasonal Rainfall 
(Carmacks Predictor) 

0.01 1:100 dry 114 123 

0.02 1:50 dry 124 131 

0.05 1:20 dry 140 145 

0.1 1:10 dry 155 158 

0.2 1:5 dry 174 175 

0.5 1:2 median 217 216 

0.8 1:5 wet 266 271 

0.9 1:10 wet 294 306 

0.95 1:20 wet 318 340 

0.98 1:50 wet 347 383 

0.99 1:100 wet 365 414 

Notes: 
Based on an assessment of corresponding rainfall data available for Mount Nansen (Table 3-7 and Table 3-8) and nearest 
regional stations, monthly rainfall data for Pelly Ranch and Carmacks were adjusted upward by factors of 1.15 and 1.19 
to represent the Site. The adjusted time series (Pelly Ranch, n = 56 years; Carmacks, n = 40 years) were then analyzed 
using Mathwave-EasyFit. 
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3.1.4 Relative Humidity, Wind Speed, Atmospheric Pressure and Radiation Data 

Four plots (Figure 3-11 Figure 3-12, Figure 3-13 and Figure 3-14) are shown below to 
summarize observations at ATM-ROAD AAM for relative humidity (daily maximum, 
daily minimum), wind speed (daily average, 30-day average), atmospheric pressure (daily 
average) and radiation (daily average) data. Measurements and trends for these parameters 
are discussed briefly in the paragraphs below. 

Minimum relative humidity measurements at the Site climate station were lowest between 
April and October each year (i.e., 30-50%), but closer to saturation (80-100%) during the 
winter (Figure 3-11). In the summer, minimum relative humidity values are inversely 
proportional to air temperature data. This means that on an hourly basis, relative humidity 
minima typically occur in the late-afternoon and correspond with the time of temperature 
highs for the day.  

The 30-day average (black dashed line) shown in Figure 3-12 indicates that daily wind 
speeds of 1 to 3 m/s were typical for the period of baseline study. However, daily average 
wind speed data showed considerable variability with time, noting that daily average wind 
speeds on the order of 4 to 6 m/s were not uncommon at the mine Site. While not shown 
in Figure 3-12, inspection of the hourly wind record for Site indicates that only 3% of the 
measurements recorded during the baseline study at ATM-ROAD AAM exceeded 6 m/s, 
whereas the maximum hourly wind measurement for the period of record was 15 m/s. 

Barometric pressure measured at the Site climate station ranged from a daily low of 840 to 
a high of 890 mb (Figure 3-13). Overall, barometric pressures were notably higher in the 
summer months compared with pressure lows that characterized winter months (e.g., 
December, January).  

Figure 3-14 shows daily average radiation data for three variables: net shortwave radiation; 
net longwave radiation; and net radiation (the balance of net shortwave and net longwave 
radiation). Net shortwave radiation signatures are highest (and positive; 200 to 300 W/m2) 
in the summer, a function of the abundant incoming shortwave radiation and long daylight 
hours that characterize the Yukon summer. In contrast, net shortwave radiation signatures 
are negligible (i.e., 0 to 15 W/m2) for extended time periods during the winter owing to 
minimal incoming radiation and shorter days. Net longwave radiation (heat losses) 
signatures are essentially negative year-round at the Site, with values being most negative 
in the summer (-25 to -100 W/m2).  

In the winter, net radiation (i.e., balance of net longwave and net shortwave) is slightly 
negative (0 to -50 W/m2 typically) with magnitude of flux a function of net longwave 
losses. In the summer, net radiation is strongly positive at the Site as heat losses via net 
longwave radiation are typically minor compared to net shortwave radiation inputs.   
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Figure 3-11: Daily maximum and minimum relative humidity measurements at 

ATM-ROAD AAM for available period of record. 

 
Figure 3-12: Daily average wind speed measurements at ATM-ROAD AAM climate 

station for available period of record. A rolling 30-day average wind 
signature is shown on the plot with a dotted black line. 
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Figure 3-13: Daily average barometric pressure data recorded at ATM-ROAD 

AAM for available period of record. 

 
Figure 3-14: Summary of daily average- net shortwave, net longwave and net 

radiation measurements at ATM-ROAD AAM for the available period 
of record.  
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3.1.5 Evapotranspiration and potential evaporation (PE) 

Regional estimates of evapotranspiration and potential evaporation are presented in Table 
3-10. The regional estimates were computed by Clearwater Consultants for various 
territorial mining assessments (CC, 2006). Table 3-8 (upper) data indicates that May-
September evapotranspiration rates may be expected to be on the order of 140 to 200 mm 
for the Site. Table 3-10 (lower) presents six long-term estimates of mean annual lake 
evaporation (modelled and by pan) for Yukon stations. Overall, May to September lake 
evaporation totals are similar at these locations and ranges from 414 to 483 mm. Williams 
Creek and Pelly Ranch are situated nearest Mount Nansen and reported long-term lake 
evaporation is approximately 450 mm (May to September) for these stations.  

Mount Nansen climate station data were also used to compute Site-specific estimates of 
potential evaporation (PE) for the Site. A daily time series of the resulting PE estimates is 
shown in Figure 3-15 and summarized monthly in Table 3-11.  Consistent with lake 
evaporation estimates presented for Yukon stations (Table 3-10), months showing highest 
rates of PE include May, June, July and August, whereas rates of PE for April and October 
are roughly one half those computed for warmest months. Figure 3-15 is indicative that 
rates of PE are variable from day to day, a function of the specific radiation/temperature, 
humidity and wind regime the Site may experience.  

During warmest months (May, June, July, and August) daily rates of PE may range from 
2 to 6 mm/day at ATM-ROAD AAM. Seasonal summaries in Table 3-11 (i.e., April to 
October or May to September) return average PE estimates for the period of baseline study 
in the range 430 to 490 mm/yr, which are similar to those reported for regional stations 
(see Table 3-10, lake evaporation). Furthermore, the PE total for May to September on 
average accounts for 90% of the annual estimate, the total PE for Apr and October accounts 
for roughly 10% of the annual estimate and PE for months not reported in Table 3-11 (Nov-
Mar) are assumed to be negligible.  
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Table 3-10: 
Estimates of evapotranspiration and potential evaporation from past studies in the Yukon  

 Average Monthly Areal Evapotranspiration (mm) 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total May-Sep 

Williams Creek 0 0 17 17 27 41 38 18 15 5 0 0 177 140 

Mayo A 0 0 0 19 33 50 56 39 17 6 0 0 220 195 

Whitehorse A 0 0 13 24 35 45 45 24 15 8 0 0 209 164 

Minto Camp (adjusted) 0 0 6 20 32 40 35 22 16 4 0 0 174 144 

               
  Average Monthly Lake Evaporation (mm) 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total May-Sep 

Williams Creek (WREVAP) 0 0 22 62 100 119 111 77 34 4 0 0 528 440 

Mayo A (WREVAP) 0 0 0 48 91 111 108 78 26 6 0 0 467 414 

Whitehorse A (WREVAP) 0 0 15 58 97 119 113 81 34 10 0 0 528 444 

Whitehorse A (Adjusted Class A pan) - - - - 104 125 110 96 48 - - -  - 483 

Pelly Ranch (Adjusted Class A pan) - - - - 108 120 108 80 37 - - -  - 453 

Minto Camp (Adjusted) 0 0 5 56 95 119 112 80 24 4 0 0 495 431 
Notes: 

For adjusted Class A pan estimates reported in the table, the symbol (-) indicates no measurements available for month. 
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Figure 3-15: Daily potential evaporation estimates for climate station (ATM-ROAD 

AAM) for the period of baseline study. 
 

Table 3-11: 
Summary of potential evaporation estimates for the Mount Nansen climate station 

(ATM-ROAD AAM) for the period of baseline study. 

 Potential Evaporation (in mm) 

Year Apr May Jun Jul Aug Sep Oct Apr to Oct May to Sep 

2012 43 82 99 102 80 47 11 463 410 

2013 14 84 119 103 90 42 15 466 437 

2014 32 95 112 101 80 43 11 474 431 

2015 46 127 110 98 71 40 16 508 446 

2016 56 101 115 95 87 45 17 516 443 

Average 38 98 111 100 82 43 14 486 433 

3.2 Manual Streamflow Measurements 

This section presents the available manual streamflow measurements that have been made 
at the Site by EDI from 2011 to 2016, in tabular format. The discharge value calculated 
from the rating curve and the associated error relative to the manual measurement are 
presented as well. A negative error value indicates that the rating curve derived discharge 
is under-estimated relative to the manual measurement, and vice-versa. Overall, the 
average rating error for each station ranges from -1% to 8% for the stations that gauge the 
smaller Site watersheds (e.g., Dome Creek). The average rating curve errors are higher for 
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the hydrometric stations located on the larger streams (e.g., Victoria Creek). However, the 
error metrics for three of these stations (H-BC, H-VC-DBC and H-VC-R) are skewed 
substantially higher by potential measurement error and/or bias. The first two station rating 
curves are influenced by the inclusion of measurements collected under channel icing 
conditions, where the hydraulic relationship is affected by the presence of ice, and the latter 
rating curve is influenced by two erroneous measurements made in June and July of 2015. 
If these measurements are removed, the average error for these three stations is 9%. Error 
associated with under-ice discharge measurements is much less of an issue for Dome Creek 
in particular, due to the extensive icing in the channel, which means that many of the 
hydrometric stations are located in spots that freeze to bed during the winter (i.e., no flow 
measurement is possible). 

Table 3-12: 
Station H-DC-B (Dome Creek Diversion Channel at the Bridge) – Discharge 

Measurement Summary 
Date Time Method Discharge (m3/s) Rating Curve Discharge (m3/s) Rating Curve Error (%) 

06/05/2013 17:00 SS 0.022 NA NA 
15/05/2013 11:20 SS 0.119 NA NA 
21/05/2013 14:44 SS 0.107 NA NA 
27/05/2013 15:40 SS 0.304 NA NA 
10/06/2013 16:31 SS 0.427 NA NA 
24/06/2013 14:36 SS 0.021 NA NA 
15/07/2013 15:21 SS 0.016 NA NA 
13/08/2013 14:24 SS 0.005 NA NA 
23/09/2013 15:18 SS 0.028 NA NA 
15/10/2013 15:17 SS 0.012 NA NA 
12/11/2013 16:20 SS 0.000 NA NA 
14/04/2014 16:15 N NA NA NA 
08/05/2014 14:37 SS 0.119 NA NA 
20/05/2014 15:17 SS 0.040 NA NA 
24/06/2014 10:40 SS 0.010 NA NA 
15/07/2014 13:19 SS 0.004 NA NA 
12/08/2014 10:51 SS 0.010 NA NA 
16/09/2014 15:59 SS 0.014 NA NA 
15/10/2014 8:22 SS 0.027 NA NA 
13/11/2014 13:00 N NA NA NA 
15/12/2014 16:00 N NA NA NA 
16/02/2015 17:15 N 0.000 NA NA 
21/04/2015 9:45 SS 0.009 NA NA 
05/05/2015 18:20 SS 0.032 NA NA 
14/05/2015 8:18 SS 0.037 0.035 -5% 
16/06/2015 15:00 SS 0.008 0.015 82% 
14/07/2015 10:00 SS 0.005 0.006 26% 
19/08/2015 15:18 SS 0.017 0.019 12% 
15/09/2015 16:45 SS 0.023 0.015 -34% 
14/10/2015 15:00 SS 0.009 NA NA 
10/05/2016 13:22 SS 0.0424 NA NA 
06/06/2016 19:18 SS 0.0168 NA NA 
05/07/2016 15:10 SS 0.0054 0.005 -2% 
02/08/2016 18:42 SS 0.008 0.005 -30% 
07/09/2016 15:25 SS 0.017 0.007 -58% 
04/10/2016 13:15 SS 0.005 NA NA 

AVERAGE RATING CURVE ERROR -1% 
Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS 
= Salt Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 
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Table 3-13: 
Station H-SEEP (Seepage Pond Outflow) – Discharge Measurement Summary 

Date Time Method Discharge  
(m3/s) 

Flow Meter Discharge  
(m3/s) 

Flow Meter Error  
(%) 

17/04/2012 17:38 V/SG 0.0070 0.0034 -52% 
01/05/2012 14:42 V/SG 0.0030 0.0031 4% 
15/05/2012 15:36 V/SG 0.0026 0.0029 13% 
30/05/2012 7:58 V/SG 0.0027 0.0028 2% 
11/06/2012 15:18 V/SG 0.0030 0.0027 -10% 
25/06/2012 14:45 V/SG 0.0020 0.0030 51% 
09/07/2012 12:26 V/SG 0.0029 0.0028 -1% 
23/07/2012 13:47 V/SG 0.0036 0.0033 -10% 
06/08/2012 13:48 V/SG 0.0035 0.0034 -2% 
21/08/2012 13:38 V/SG 0.0036 0.0036 1% 
04/09/2012 13:45 V/SG 0.0033 0.0038 16% 
17/09/2012 14:42 V/SG 0.0035 0.0037 8% 
02/10/2012 14:25 V/SG 0.0036 0.0038 5% 
15/10/2012 14:30 V/SG 0.0034 0.0034 -1% 
13/11/2012 17:01 V/SG 0.0030 0.0036 19% 
12/12/2012 12:45 V/SG 0.0040 0.0033 -19% 
14/01/2013 17:30 V/SG 0.0030 0.0034 13% 
12/02/2013 14:40 V/SG 0.0030 0.0033 10% 
17/04/2013 12:04 V 0.0030 0.0025 -17% 
08/05/2013 9:47 V 0.0029 0.0034 17% 
15/05/2013 11:00 V 0.0026 0.0033 27% 
11/06/2013 16:53 V 0.0024 0.0021 -11% 
25/06/2013 15:07 V 0.0026 0.0024 -7% 
16/07/2013 15:45 V 0.0028 0.0026 -7% 
13/08/2013 13:05 V 0.0030 0.0029 -4% 
24/09/2013 15:55 V 0.0039 0.0033 -14% 
16/10/2013 18:58 V 0.0050 0.0038 -24% 
13/11/2013 17:05 V 0.0033 0.0030 -7% 
17/12/2013 10:00 V 0.0026 0.0031 21% 
13/01/2014 15:13 V 0.0024 0.0031 32% 
10/03/2014 13:00 V 0.0029 0.0027 -6% 
14/04/2014 15:40 V 0.0025 0.0025 -1% 
09/05/2014 13:03 N NA 0.0048 NA 
21/05/2014 13:15 V 0.0009 0.0032 252% 
24/06/2014 9:28 V 0.0030 0.0026 -12% 
16/07/2014 10:25 V 0.0030 0.0026 -13% 
12/08/2014 10:00 V 0.0030 0.0030 1% 
16/09/2014 15:21 V 0.0030 0.0031 3% 
14/10/2014 18:07 V 0.0030 0.0032 5% 
14/10/2014 18:07 NA NA 0.0032 NA 
13/11/2014 14:00 V 0.0028 0.0026 -7% 
15/12/2014 16:40 V 0.0030 0.0030 0% 
12/01/2015 17:20 V 0.0020 0.0030 49% 
16/02/2015 15:55 V 0.0025 0.0028 14% 
17/03/2015 8:25 V 0.0029 0.0040 37% 
20/04/2015 18:57 V 0.0041 0.0024 -41% 
05/05/2015 16:30 V 0.0027 0.0030 10% 
13/05/2015 17:56 V 0.0030 0.0037 22% 
16/06/2015 13:38 V 0.0020 0.0027 33% 
14/07/2015 9:45 V 0.0023 0.0023 -2% 
19/08/2015 14:10 V 0.0022 0.0022 -2% 
15/09/2015 15:50 V 0.0027 0.0028 6% 
14/10/2015 13:47 V 0.0027 0.0027 1% 

AVERAGE RATING CURVE ERROR 8% 
Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SG = Staff 
Gauge; SS = Salt Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 
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Table 3-14: 
Station H-DC-M WP (Middle Dome Creek Weir Pond) – Discharge Measurement 

Summary 

Date Time Method Discharge 
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error  
(%) 

23/06/2011 12:17 SS 0.041 NA NA 
23/06/2011 12:17 F 0.080 NA NA 
07/07/2011 9:25 CM 0.024 NA NA 
03/08/2011 15:00 CM 0.175 NA NA 
17/08/2011 11:25 CM 0.038 NA NA 
31/08/2011 8:30 SS 0.039 NA NA 
31/08/2011 8:30 F 0.091 NA NA 
31/08/2011 8:30 CM 0.000 NA NA 
28/09/2011 23:24 CM 0.030 NA NA 
12/10/2011 11:06 SS 0.018 NA NA 
16/11/2011 14:20 SS 0.004 NA NA 
09/01/2012 13:20 SS 0.017 NA NA 
30/01/2012 14:30 SS 0.002 NA NA 
05/03/2012 15:38 SS 0.005 NA NA 
15/04/2013 16:18 SS 0.000 NA NA 
06/05/2013 15:53 N NA NA NA 
15/05/2013 10:58 SS 0.131 NA NA 
21/05/2013 13:55 SS 0.456 NA NA 
27/05/2013 14:30 SS 0.210 NA NA 
10/06/2013 15:48 SS 0.104 NA NA 
24/06/2013 14:00 SS 0.019 NA NA 
15/07/2013 14:25 SS 0.009 NA NA 
13/08/2013 13:34 SS 0.007 NA NA 
23/09/2013 14:41 SS 0.073 NA NA 
15/10/2013 14:31 SS 0.0174 NA NA 
12/11/2013 15:28 SS 0.0141 NA NA 
17/12/2013 9:12 SS 0.0067 NA NA 
13/01/2014 14:15 SS 0.007 NA NA 
10/02/2014 16:50 SS 0.007 NA NA 
10/03/2014 16:45 SS 0.0041 NA NA 
23/06/2014 18:49 V 0.009 NA NA 
15/07/2014 14:30 V 0.005 NA NA 
12/08/2014 9:15 V 0.01 NA NA 
16/09/2014 14:15 W NA NA NA 
16/09/2014 14:15 V 0.014 NA NA 
15/10/2014 10:41 V 0.014 NA NA 
13/11/2014 13:14 W NA NA NA 
13/11/2014 13:14 V 0.004 NA NA 
20/04/2015 18:20 N NA NA NA 
05/05/2015 15:50 N NA NA NA 
13/05/2015 17:40 SS 0.118 0.126 7% 
16/06/2015 13:25 V 0.007 0.009 22% 
14/07/2015 8:54 V 0.005 0.005 5% 
19/08/2015 13:46 SS 0.017 0.014 -18% 
19/08/2015 13:46 V 0.013 0.014 7% 
15/09/2015 15:10 V 0.021 0.020 -5% 
14/10/2015 13:20 V 0.011 0.008 -27% 

AVERAGE RATING CURVE ERROR -1% 
Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS = Salt 
Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 
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Table 3-15: 
Station H-DC-R (Dome Creek at the Road) – Discharge Measurement Summary 

Date Time Method Discharge  
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error  
(%) 

12/05/2011 12:00 F 0.133 NA NA 
25/05/2011 12:00 SS 0.088 NA NA 
25/05/2011 12:00 CM 0.119 NA NA 
07/06/2011 16:45 SS 0.067 NA NA 
07/06/2011 16:45 F 0.032 NA NA 
22/06/2011 18:00 CM 0.081 NA NA 
06/07/2011 12:40 CM 0.032 NA NA 
03/08/2011 10:26 SS 0.078 NA NA 
03/08/2011 10:26 F NA NA NA 
17/08/2011 17:55 SS 0.127 NA NA 
17/08/2011 17:55 F 0.232 NA NA 
31/08/2011 14:15 SS 0.042 NA NA 
14/09/2011 10:04 SS 0.026 NA NA 
14/09/2011 10:04 F 0.069 NA NA 
28/09/2011 14:10 SS NA NA NA 
28/09/2011 14:10 F 0.087 NA NA 
12/10/2011 9:06 SS 0.030 NA NA 
16/11/2011 13:30 V 0.000 NA NA 
31/08/2011 14:15 F 0.087 NA NA 
06/05/2013 14:58 N NA NA NA 
10/06/2013 14:41 SS 0.064 NA NA 
24/06/2013 13:10 SS 0.024 NA NA 
15/07/2013 13:27 SS 0.013 NA NA 
13/08/2013 12:50 SS 0.012 NA NA 
23/09/2013 13:45 SS 0.0849 NA NA 
15/10/2013 13:27 SS 0.0113 NA NA 
12/11/2013 14:08 SS 0.0043 NA NA 
14/04/2014 13:58 N NA NA NA 
08/05/2014 13:24 SS 0.1521 NA NA 
20/05/2014 13:48 SS 0.056 NA NA 
23/06/2014 17:17 SS 0.014 NA NA 
15/07/2014 11:18 SS 0.009 NA NA 
11/08/2014 16:26 SS 0.023 NA NA 
16/09/2014 8:58 SS 0.024 NA NA 
14/10/2014 16:02 SS 0.022 NA NA 
12/11/2014 15:30 N NA NA NA 
15/12/2014 NA N NA NA NA 
20/04/2015 NA N NA NA NA 
05/05/2015 NA N NA NA NA 
13/05/2015 9:22 V 0.005 NA NA 
13/05/2015 9:22 SS 0.051 NA NA 
15/06/2015 16:49 SS 0.015 0.014 -4% 
13/07/2015 16:21 SS 0.008 NA NA 
18/08/2015 16:43 SS 0.012 0.021 72% 
18/08/2015 16:43 V 0.013 0.021 54% 
14/09/2015 19:25 SS 0.035 NA NA 
13/10/2015 15:00 SS 0.024 NA NA 
28/04/2016 14:10 SS 0.055 NA NA 
10/05/2016 9:42 SS 0.034 0.027 -22% 
06/06/2016 15:13 SS 0.015 0.014 -5% 
04/07/2016 17:20 SS 0.040 0.037 -7% 
01/08/2016 15:32 SS 0.019 0.015 -19% 
06/09/2016 17:23 SS 0.024 0.022 -5% 
03/10/2016 17:16 SS 0.016 NA NA 
07/11/2016 NA N NA NA NA 

AVERAGE RATING CURVE ERROR -1% 
Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS = 
Salt Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 
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Table 3-16: 
Station H-BC (Back Creek)  – Discharge Measurement Summary 

Date Time Method Discharge  
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error  
(%) 

12/05/2011 15:32 CM 0.125 NA NA 
25/05/2011 16:30 CM 0.334 NA NA 
07/06/2011 15:55 SS 0.051 NA NA 
07/06/2011 15:55 F 0.564 NA NA 
23/06/2011 14:30 CM 0.036 NA NA 
07/07/2011 14:30 CM 0.056 NA NA 
03/08/2011 12:16 CM 0.339 NA NA 
18/08/2011 16:55 CM 0.004 NA NA 
30/08/2011 16:20 CM 0.104 NA NA 
14/09/2011 12:18 CM 0.080 NA NA 
28/09/2011 15:05 CM 0.045 NA NA 
12/10/2011 10:02 SS 0.022 NA NA 
16/11/2011 11:00 N NA NA NA 
21/07/2011 13:11 VH 0.198 NA NA 
21/07/2011 13:11 F 0.300 NA NA 
16/05/2013 13:20 ADV 0.340 NA NA 
16/05/2013 13:20 SS 0.180 NA NA 
22/05/2013 12:25 SS 0.616 NA NA 
28/05/2013 15:33 ADV 0.292 NA NA 
11/06/2013 12:42 SS 0.110 NA NA 
25/06/2013 11:54 SS 0.017 NA NA 
16/07/2013 12:36 SS 0.003 NA NA 
14/08/2013 10:45 SS 0.015 NA NA 
24/09/2013 12:20 SS 0.053 NA NA 
16/10/2013 13:48 SS 0.006 NA NA 
15/04/2014 11:50 N 0 NA NA 
09/05/2014 11:25 SS 0.3729 NA NA 
21/05/2014 12:10 SS 0.047 NA NA 
24/06/2014 20:38 N 0 NA NA 
14/07/2014 15:33 N 0 NA NA 
11/08/2014 19:28 N 0 NA NA 
16/09/2014 12:44 SS 0.07 NA NA 
15/10/2014 12:50 SS 0.0451 NA NA 
13/11/2014 10:00 N NA NA NA 
16/12/2014 10:30 N NA NA NA 
20/04/2015 17:51 N 0.000 0.000 NA 
05/05/2015 12:20 N 0.000 0.000 NA 
13/05/2015 10:33 N 0.000 0.000 0% 
16/06/2015 10:45 N 0.000 0.000 0% 
13/07/2015 18:47 N 0.000 0.004 0% 
19/08/2015 10:28 SS 0.037 0.040 7% 
15/09/2015 9:25 SS 0.099 0.000 NA 
14/10/2015 11:35 SS 0.009 0.000 NA 
19/04/2016 11:50 ADV 0.074 0.000 NA 
27/04/2016 15:10 ADV 0.179 0.141 -21% 
09/05/2016 18:26 ADV 0.076 0.094 24% 
07/06/2016 15:04 ADV 0.104 0.070 -33% 
05/07/2016 12:15 SS 0.006 0.025 318% 
02/08/2016 13:08 SS 0.041 0.051 25% 
07/09/2016 11:15 SS 0.075 0.075 0% 
04/10/2016 18:56 SS 0.034 0.000 NA 

AVERAGE RATING CURVE ERROR - All measurements 2% 
AVERAGE RATING CURVE ERROR – Under ice measurements removed 32% 

Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS = 
Salt Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 
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Table 3-17: 
Station H-VC-U (Upper Victoria Creek) – Discharge Measurement Summary 

Date Time Method Discharge  
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error  
(%) 

12/05/2011 14:30 CM 0.780 NA NA 
25/05/2011 15:30 CM 2.259 NA NA 
07/06/2011 14:15 SS 0.490 NA NA 
07/06/2011 14:15 F 1.279 NA NA 
23/06/2011 3:00 CM 0.527 NA NA 
07/07/2011 15:06 CM 0.409 NA NA 
03/08/2011 12:58 CM 2.623 NA NA 
18/08/2011 15:15 CM 1.260 NA NA 
30/08/2011 15:35 CM 0.648 NA NA 
14/09/2011 11:15 CM 0.390 NA NA 
28/09/2011 16:04 CM 0.312 NA NA 
11/10/2011 16:07 CM 0.223 NA NA 
16/11/2011 11:43 CM 0.316 NA NA 
11/01/2012 10:26 SS 0.005 NA NA 
31/01/2012 13:46 SS 0.002 NA NA 
06/03/2012 17:30 CM 0.059 NA NA 
21/07/2011 14:20 F 2.342 NA NA 
16/04/2013 15:59 ADV 0.062 NA NA 
16/04/2013 15:59 SS 0.020 NA NA 
07/05/2013 14:12 ADV 0.125 NA NA 
16/05/2013 12:33 ADV 2.136 NA NA 
22/05/2013 11:30 ADV 0.727 NA NA 
28/05/2013 14:51 ADV 2.7011 NA NA 
11/06/2013 11:43 ADV 0.4882 NA NA 
25/06/2013 11:11 ADV 0.208 NA NA 
16/07/2013 11:46 ADV 0.1145 NA NA 
14/08/2013 10:20 ADV 0.2783 NA NA 
24/09/2013 11:30 ADV 0.7413 NA NA 
16/10/2013 12:40 ADV 0.4047 NA NA 
13/11/2013 14:30 SS 0.4991 NA NA 
17/12/2013 17:01 SS 0.0637 NA NA 
14/01/2014 13:52 ADV 0.087 NA NA 
14/01/2014 14:12 SS 0.134 NA NA 
11/02/2014 12:20 SS 0.061 NA NA 
11/03/2014 14:14 ADV 0.013 NA NA 
11/03/2014 14:14 SS 0.034 NA NA 
09/05/2014 11:37 ADV 1.929 NA NA 
21/05/2014 11:21 SS 0.392 NA NA 
21/05/2014 11:21 ADV 0.556 NA NA 
24/06/2014 20:05 ADV 0.172 NA NA 
14/07/2014 13:09 ADV 0.144 NA NA 
11/08/2014 18:52 ADV 0.261 NA NA 
16/09/2014 11:20 ADV 0.571 NA NA 
15/10/2014 12:18 ADV 0.422 NA NA 
16/12/2014 10:15 ADV 0.127 NA NA 
13/01/2015 18:00 SS 0.057 NA NA 
13/01/2015 18:00 ADV 0.051 NA NA 
17/02/2015 13:58 ADV 0.020 NA NA 
17/02/2015 13:58 SS 0.018 NA NA 
16/03/2015 19:20 SS 0.009 NA NA 
16/03/2015 19:20 ADV 0.010 NA NA 
20/04/2015 17:25 ADV 0.130 NA NA 
05/05/2015 13:15 ADV 0.368 NA NA 
13/05/2015 14:14 ADV 1.290 NA NA 
16/06/2015 10:00 ADV 0.100 0.091 -8% 
13/07/2015 18:34 ADV 0.090 0.092 2% 
19/08/2015 8:41 ADV 0.379 0.372 -2% 
19/08/2015 8:41 ADV 0.379 0.372 -2% 
15/09/2015 8:30 ADV 0.856 0.766 -10% 
14/10/2015 10:10 ADV 0.192 NA NA 
19/04/2016 10:30 ADV 0.263 NA NA 
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Date Time Method Discharge  
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error  
(%) 

27/04/2016 13:35 ADV 1.367 1.410 3% 
09/05/2016 17:37 ADV 0.775 0.755 -3% 
07/06/2016 14:08 ADV 0.359 0.370 3% 
05/07/2016 10:35 ADV 0.170 0.185 9% 
02/08/2016 12:12 ADV 0.503 0.461 -8% 
07/09/2016 10:00 ADV 0.583 0.540 -7% 
04/10/2016 17:14 ADV 0.447 0.474 6% 
08/11/2016 14:35 ADV 1.664 NA NA 

AVERAGE RATING CURVE ERROR -1% 
Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS = Salt 
Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 

 
Table 3-18: 

Station H-VC-DBC (Victoria Creek downstream of Back Creek) – Discharge 
Measurement Summary 

Date Time   Method Discharge  
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error  
(%) 

11/01/2012 9:20 NA SS 0.047 NA NA 
11/01/2012 9:20 NA CM 0.554 NA NA 
01/02/2012 14:30 NA SS 0.002 NA NA 
06/03/2012 17:12 NA SS 0.056 NA NA 
16/04/2013 13:46 NA ADV 0.061 NA NA 
16/04/2013 13:45 NA SS 0.030 NA NA 
07/05/2013 12:18 NA ADV 0.210 NA NA 
07/05/2013 12:19 NA SS 0.150 NA NA 
16/05/2013 11:50 NA ADV 2.612 NA NA 
22/05/2013 10:40 NA ADV 0.801 NA NA 
28/05/2013 14:05 NA ADV 2.080 NA NA 
11/06/2013 11:10 NA ADV 0.565 NA NA 
25/06/2013 10:30 NA ADV 0.230 NA NA 
16/07/2013 11:00 NA ADV 0.114 NA NA 
14/08/2013 9:53 NA ADV 0.313 NA NA 
24/09/2013 10:50 NA ADV 0.785 NA NA 
16/10/2013 11:56 NA ADV 0.385 NA NA 
13/11/2013 12:57 NA ADV 0.237 NA NA 
13/11/2013 12:58 NA SS 0.200 NA NA 
17/12/2013 15:00 NA SS 0.204 NA NA 
14/01/2014 12:30 12:30 ADV 0.104 NA NA 
14/01/2014 12:37 12:37 SS 0.170 NA NA 
11/02/2014 11:10 11:10 SS 0.148 NA NA 
11/03/2014 12:00 12:00 ADV 0.0447 NA NA 
11/03/2014 12:00 12:00 SS 0.0179 NA NA 
15/04/2014 9:50 9:50 SS 0.044 0.168 282% 
15/04/2014 9:50 9:50 CM 0.047 0.168 257% 
09/05/2014 11:40 11:40 ADV 2.388 2.499 5% 
21/05/2014 10:25 10:25 ADV 0.6273 0.720 15% 
24/06/2014 19:28 19:28 ADV 0.1767 0.231 31% 
14/07/2014 14:40 14:40 ADV 0.1037 0.165 59% 
11/08/2014 17:45 17:45 ADV 0.2876 0.287 0% 
16/09/2014 10:07 10:07 ADV 0.670 1.589 137% 
15/10/2014 11:20 11:20 ADV 0.478 0.543 14% 
16/12/2014 9:25 9:25 ADV 0.178 0.513 189% 
13/01/2015 16:14 16:14 ADV 0.058 NA NA 
13/01/2015 16:14 16:14 SS 0.052 NA NA 
17/02/2015 12:46 12:46 ADV 0.023 NA NA 
17/02/2015 12:46 12:46 SS 0.034 NA NA 
16/03/2015 17:57 17:57 SS 0.017 NA NA 
16/03/2015 17:57 17:57 ADV 0.013 NA NA 
20/04/2015 16:23 16:23 ADV 0.192 NA NA 
05/05/2015 11:32 11:32 ADV 0.317 NA NA 
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Date Time   Method Discharge  
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error  
(%) 

13/05/2015 11:10 11:10 ADV 1.163 1.049 -10% 
16/06/2015 8:45 8:45 ADV 0.085 0.104 23% 
13/07/2015 17:28 17:28 ADV 0.085 0.095 12% 
19/08/2015 7:50 7:50 ADV 0.433 0.409 -6% 
15/09/2015 7:45 7:45 ADV 0.962 NA NA 
14/10/2015 8:20 8:20 ADV 0.216 NA NA 
19/04/2016 9:35 9:35 ADV 0.268 0.696 159% 
27/04/2016 11:55 11:55 ADV 1.536 1.425 -7% 
09/05/2016 16:54 16:54 ADV 0.852 0.835 -2% 
07/06/2016 13:02 13:02 ADV 0.520 0.472 -9% 
05/07/2016 9:45 9:45 ADV 0.164 0.179 9% 
02/08/2016 10:48 10:48 ADV 0.539 0.540 0% 
07/09/2016 9:00 9:00 ADV 0.650 0.713 10% 
04/10/2016 15:37 15:37 ADV 0.547 0.581 6% 
08/11/2016 13:40 13:40 ADV 0.166 NA NA 

AVERAGE RATING CURVE ERROR - All measurements 53% 
AVERAGE RATING CURVE ERROR – Under ice measurements removed 16% 

Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS = Salt 
Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 

 
Table 3-19: 

Station H-VC-UMN (Victoria Creek Upstream of Minnesota Creek) – Discharge 
Measurement Summary 

Date Time Method Discharge 
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error 
(%) 

16/04/2013 10:44 ADV 0.059 NA NA 
16/04/2013 10:44 SS 0.120 NA NA 
07/05/2013 10:11 ADV 0.162 NA NA 
16/05/2013 10:06 ADV 2.062 NA NA 
16/05/2013 10:06 SS 1.970 NA NA 
22/05/2013 9:15 ADV 0.448 NA NA 
28/05/2013 10:45 ADV 3.283 NA NA 
11/06/2013 9:56 ADV 0.662 NA NA 
25/06/2013 8:31 ADV 0.247 NA NA 
16/07/2013 9:11 ADV 0.126 NA NA 
14/08/2013 8:26 ADV 0.321 NA NA 
24/09/2013 10:07 ADV 0.783 NA NA 
16/10/2013 10:20 ADV 0.538 NA NA 
13/11/2013 10:28 SS 0.788 NA NA 
17/12/2013 13:30 SS 0.252 NA NA 
14/01/2014 10:30 ADV 0.091 NA NA 
14/01/2014 10:38 SS 0.157 NA NA 
11/02/2014 9:40 SS 0.109 NA NA 
11/03/2014 10:04 SS 0.003 NA NA 
15/04/2014 8:40 SS 0.019 NA NA 
15/04/2014 8:40 CM 0.022 NA NA 
09/05/2014 8:30 ADV 2.605 NA NA 
21/05/2014 8:51 SS 0.741 0.762 3% 
21/05/2014 8:51 ADV 0.702 0.762 9% 
24/06/2014 18:29 ADV 0.1879 0.289 54% 
15/07/2014 9:00 ADV 0.1204 0.266 121% 
11/08/2014 15:00 ADV 0.2832 0.334 18% 
15/09/2014 16:10 ADV 0.6602 0.480 -27% 
14/10/2014 14:30 ADV 0.5108 0.179 -65% 
12/11/2014 14:35 ADV 0.1989 0.195 -2% 
15/12/2014 14:38 ADV 0.1396 0.080 -43% 
13/01/2015 13:17 SS 0.018 NA NA 
13/01/2015 13:17 ADV 0.036 NA NA 
17/02/2015 9:12 SS 0.009 NA NA 
16/03/2015 15:15 SS 0.002 NA NA 
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Date Time Method Discharge 
(m3/s) 

Rating Curve Discharge  
(m3/s) 

Rating Curve Error 
(%) 

20/04/2015 14:43 N NA NA NA 
04/05/2015 16:10 ADV NA 0.646 NA 
14/05/2015 12:39 ADV 2.052 2.961 44% 
15/06/2015 15:10 ADV 0.109 0.161 48% 
13/07/2015 14:55 ADV 0.104 0.142 37% 
18/08/2015 15:23 ADV 0.480 0.437 -9% 
14/09/2015 18:20 ADV 1.105 0.792 -28% 
13/10/2015 16:50 ADV 0.336 NA NA 
19/04/2016 13:30 ADV 0.195 0.338 73% 
27/04/2016 19:15 ADV 1.460 1.925 32% 
09/05/2016 15:17 ADV 0.997 0.893 -10% 
07/06/2016 11:25 ADV 0.534 0.505 -5% 
04/07/2016 15:55 ADV 0.210 0.205 -2% 
02/08/2016 8:38 ADV 0.606 0.515 -15% 
06/09/2016 15:40 ADV 0.624 0.623 0% 
03/10/2016 15:06 ADV 0.416 0.461 11% 
08/11/2016 11:25 ADV 0.166 NA NA 

AVERAGE RATING CURVE ERROR 11% 
Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS = 
Salt Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 

 
Table 3-20: 

Station H-VC-R (Victoria Creek at the Road) – Discharge Measurement Summary 

Date Time NA Method Discharge 
(m3/s) 

Rating Curve Discharge 
(m3/s) 

Rating Curve Error 
(%) 

06/07/2011 10:30 10:30 CM 0.637 NA NA 
03/08/2011 7:56 7:56 CM 3.673 NA NA 
17/08/2011 16:25 16:25 CM 1.841 2.036 11% 
30/08/2011 13:45 13:45 CM 0.963 1.113 16% 
14/09/2011 8:40 8:40 CM 0.498 0.869 75% 
27/09/2011 17:30 17:30 CM 0.468 0.313 -33% 
11/10/2011 14:54 14:54 CM 0.277 NA NA 
16/11/2011 9:15 9:15 CM 0.210 NA NA 
16/11/2011 9:15 9:15 SS 0.077 NA NA 
14/12/2011 17:00 17:00 N NA NA NA 
20/07/2011 10:40 10:40 CM 1.707 2.581 51% 
11/01/2012 16:20 16:20 SS 0.061 NA NA 
12/01/2012 13:25 13:25 SS 0.159 NA NA 
01/02/2012 9:15 9:15 SS 0.057 NA NA 
06/03/2012 14:45 14:45 SS 0.043 NA NA 
15/04/2013 13:00 13:00 ADV 0.034 NA NA 
15/04/2013 13:00 13:00 SS 0.040 NA NA 
06/05/2013 13:05 13:05 ADV 0.122 NA NA 
06/05/2013 13:05 13:05 SS 0.100 NA NA 
15/05/2013 8:15 8:15 ADV 3.208 NA NA 
21/05/2013 12:23 12:23 ADV 1.221 NA NA 
27/05/2013 12:53 12:53 ADV 3.597 NA NA 
10/06/2013 13:23 13:23 ADV 0.735 NA NA 
24/06/2013 12:02 12:02 ADV 0.289 NA NA 
15/07/2013 12:23 12:23 ADV 0.1598 NA NA 
13/08/2013 11:45 11:45 ADV 0.3696 NA NA 
23/09/2013 12:30 12:30 ADV 0.949 NA NA 
15/10/2013 12:09 12:09 ADV 0.3786 NA NA 
12/11/2013 12:54 12:54 ADV 0.2959 NA NA 
16/12/2013 16:05 16:05 SS 0.253 NA NA 
13/01/2014 13:04 13:04 SS 0.17 NA NA 
10/02/2014 15:00 15:00 SS 0.063 NA NA 
10/03/2014 14:54 14:54 ADV 0.0296 NA NA 
08/05/2014 11:54 11:54 ADV 3.204 NA NA 
08/05/2014 11:54 11:54 ADV 3.204 NA NA 
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Date Time NA Method Discharge 
(m3/s) 

Rating Curve Discharge 
(m3/s) 

Rating Curve Error 
(%) 

20/05/2014 13:03 13:03 ADV 0.758 0.971 28% 
23/06/2014 16:03 16:03 ADV 0.179 NA NA 
14/07/2014 16:46 16:46 ADV 0.121 0.098 -19% 
11/08/2014 12:40 12:40 ADV 0.329 0.273 -17% 
15/09/2014 14:39 14:39 ADV 0.770 0.541 -30% 
14/10/2014 13:20 13:20 ADV 0.577 0.148 -74% 
15/12/2014 13:33 13:33 ADV NA 0.068 NA 
12/01/2015 14:45 14:45 ADV 0.014 NA NA 
16/02/2015 13:00 13:00 ADV 0.009 NA NA 
16/03/2015 13:00 13:00 ADV 0.002 NA NA 
20/04/2015 13:03 13:03 ADV 0.145 NA NA 
04/05/2015 13:57 13:57 ADV 0.450 0.544 21% 
04/05/2015 13:57 13:57 ADV 0.450 0.544 21% 
12/05/2015 16:50 16:50 ADV 2.328 2.283 -2% 
15/06/2015 13:25 13:25 ADV 0.146 0.557 283% 
13/07/2015 13:17 13:17 ADV 0.076 0.481 533% 
18/08/2015 13:30 13:30 ADV 0.542 1.037 91% 
14/09/2015 15:30 15:30 ADV 1.315 1.198 -9% 
13/10/2015 13:40 13:40 ADV 0.464 NA NA 

AVERAGE RATING CURVE ERROR – all measurements 56% 
AVERAGE RATING CURVE ERROR – June and July 2015 measurements removed 9% 

Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS = Salt 
Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 

 
Table 3-21: 

Station H-VC-R+290 (Victoria Creek at the Road+290)– Discharge Measurement 
Summary 

Date Time Method Discharge 
(m3/s) 

Rating Curve Discharge 
(m3/s) 

Rating Curve 
Error (%) 

14/09/2015 15:30 ADV 1.315 1.198 -9% 

13/10/2015 13:35 ADV 0.398 NA NA 

18/04/2016 13:35 ADV 0.559 0.688 23% 

27/04/2016 17:10 ADV 1.754 2.144 22% 

09/05/2016 13:44 ADV 0.912 1.027 13% 

06/06/2016 13:21 ADV 0.334 0.422 27% 

04/07/2016 14:05 ADV 0.221 0.277 25% 

01/08/2016 13:18 ADV 0.699 0.733 5% 

06/09/2016 14:05 ADV 0.719 0.812 13% 

03/10/2016 13:01 ADV 0.484 0.651 34% 

07/11/2016 14:27 ADV 2.451 0.651 -73% 

AVERAGE RATING CURVE ERROR 8% 
Notes: 
1. Measurement Method: ADV = Acoustic Doppler Velocity Profile; CM = Current Meter; F = float; N = No Measurement; SS = Salt 
Slug Dilution; V = Volumetric; VH = Velocity Head; W = Weir. 
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3.3 Streamflow Records – Discharge 

The computed flow records for the highlighted Site stations listed in Table 2-5 are 
presented as average daily discharge time-series and plotted with spot discharge 
measurements in Figure 3-16 through Figure 3-25. The highlighted stations are those that 
have continuous flow data of sufficient duration to allow monthly and annual summaries 
of discharge, runoff and unit yields to be calculated. The same flow records are also 
presented as unit yield plots, with each plot showing annual data for all stations on a single 
plot (refer to Figure 3-25 to Figure 3-29).  

While discharge magnitude varies with watershed area (i.e., larger basin areas result in 
higher discharge values), it is more often instructive to compare runoff and/or unit yields 
to remove the influence of watershed area. The variation in runoff and yields across the 
gauged basins at the Project Site is relatively low, with unit yields averaging 5.9 ± 1.5 
L/s/km2 and an average runoff of 104 ± 37 mm for the open water season (Table 3-22). 
The Site sub-watersheds, and Dome Creek in particular, exhibit relatively lower average 
runoff (62 ± 6 mm) in 2015 and 2016 than the stations located on Victoria Creek (133 ±  
15 mm). 

Table 3-23 through Table 3-41 present the monthly summaries of streamflow as discharge, 
unit yields and runoff, by station. 

3.4 Streamflow Records – Unit Yields 

Period of record (Figure 3-26) and unit yield plots per year (Figure 3-27 through Figure 
3-30) are presented for nine of the continuously recording hydrometric stations in this 
section. The H-SEEP station gauges the outflows from the TSF seepage pond, and does 
not have a specific drainage area. Therefore, unit yield and runoff values are not calculated 
for this station. 
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Table 3-22: 
Summary of monthly average discharge, unit yield and runoff for Project Site hydrometric stations. 

Station Drainage 
Area (km2) Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average/Total 

H-DC-B 3.0 
Average Discharge (m3/s) -- -- -- -- 0.03 0.01 0.01 0.02 0.01 0.01 -- -- 0.014 
Average Yield (L/s/km2) -- -- -- -- 9.71 3.59 3.67 5.26 2.78 2.01 -- -- 4.50 
Runoff (mm) -- -- -- -- 20 9 10 14 7 2 -- -- 62 

H-SEEP1 NA 
Average Discharge (m3/s) 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.002 0.002 
Average Yield (L/s/km2) NA NA NA NA NA NA NA NA NA NA NA NA NA 
Runoff (mm) NA NA NA NA NA NA NA NA NA NA NA NA NA 

H-DC-M WP 3.3 
Average Discharge (m3/s) -- -- -- -- 0.04 0.01 0.01 0.03 0.02 0.01 -- -- 0.018 
Average Yield (L/s/km2) -- -- -- -- 12.92 2.90 1.79 7.81 4.62 2.46 -- -- 5.42 
Runoff (mm) -- -- -- -- 20 8 5 21 12 3 -- -- 68 

H-DC-R 4.5 
Average Discharge (m3/s) -- -- -- -- 0.030 0.012 0.016 0.021 0.019 0.004 -- -- 0.017 
Average Yield (L/s/km2) -- -- -- -- 6.60 2.73 3.57 4.62 4.30 0.99 -- -- 3.80 
Runoff (mm) -- -- -- -- 14 7 10 12 11 1 -- -- 55 

H-BC 10.4 
Average Discharge (m3/s) -- -- -- 0.125 0.085 0.026 0.029 0.065 0.083 -- -- -- 0.069 
Average Yield (L/s/km2) -- -- -- 12.03 8.20 2.51 2.84 6.30 7.95 -- -- -- 6.64 
Runoff (mm) -- -- -- 12 22 6 8 17 17 -- -- -- 81 

H-VC-U 64.6 
Average Discharge (m3/s) -- -- -- 0.860 0.695 0.309 0.342 0.593 0.550 0.369 0.202 0.146 0.452 
Average Yield (L/s/km2) -- -- -- 13.31 10.76 4.79 5.30 9.18 8.51 5.71 3.12 2.26 6.99 
Runoff (mm) -- -- -- 13 23 11 12 23 22 7 8 1 121 

H-VC-DBC 75.0 
Average Discharge (m3/s) 0.174 -- 0.225 0.449 1.102 0.225 0.311 0.519 0.843 0.497 0.329 0.195 0.443 
Average Yield (L/s/km2) 2.32 -- 3.00 5.99 14.69 3.00 4.14 6.91 11.24 6.63 4.39 2.60 5.90 
Runoff (mm) 2 -- 5 13 38 8 11 19 29 10 11 7 154 

H-VC-UMN 83.4 
Average Discharge (m3/s) 0.137 -- 0.066 0.819 1.025 0.267 0.351 0.527 0.604 0.363 0.192 0.084 0.403 
Average Yield (L/s/km2) 1.64 -- 0.79 9.83 12.29 3.20 4.21 6.32 7.25 4.35 2.30 1.01 4.84 
Runoff (mm) 2 -- 2 21 30 8 11 17 19 4 6 3 123 

H-VC-R 97.7 
Average Discharge (m3/s) -- -- -- 0.28 1.32 0.437 0.736 1.14 0.772 0.394 0.168 0.073 0.591 
Average Yield (L/s/km2) -- -- -- 2.86 13.51 4.47 7.53 11.67 7.90 4.04 1.72 0.75 6.05 
Runoff (mm) -- -- -- 5 32 12 13 29 20 6 4 2 124 

H-VC-R+290 97.7 
Average Discharge (m3/s) -- -- -- 0.876 1.449 0.493 0.621 1.005 0.998 0.654 -- -- 0.871 
Average Yield (L/s/km2) -- -- -- 8.97 14.83 5.04 6.35 10.29 10.22 6.70 -- -- 8.91 
Runoff (mm) -- -- -- 23 32 13 17 28 26 4 -- -- 143 

Notes: 
1. The H-SEEP station gauges the TSF seepage pond outflows via a flow meter. There is no drainage area associated with this monitoring station, therefore unit yields and runoff are not calculated. 
2. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available.
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Figure 3-16: H-DC-B Average daily discharge record (2013-2016) 
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Figure 3-17: H-SEEP Average daily discharge record (2006-2016) 
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Figure 3-18: H-DC-M WP Average daily discharge record (2011-2016) 
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Figure 3-19: H-DC-R Average daily discharge record (2011-2016) 
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Figure 3-20: H-BC Average daily discharge record (2011-2016) 
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Figure 3-21: H-VC-U Average daily discharge record (2011-2016) 
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Figure 3-22: H-VC-DBC Average daily discharge record (2012-2016) 
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Figure 3-23: H-VC-UMN Average daily discharge record (2013-2016) 
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Figure 3-24: H-VC-R Average daily discharge record (2011-2015) 
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Figure 3-25: H-VC-R+290 Average daily discharge record (2015-2016). Station established in 2015 due to prohibitive ice 

conditions at HC-VC-R. 
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Figure 3-26: Average daily unit yield time-series for select Project stations (2011-2016) 

 



RESULTS 
MOUNT NANSEN – HYDRO-METEOROLOGY BASELINE REPORT 3-47 

22-Aug-17  A422-3  LORAX 

 
Figure 3-27: Average daily unit yield time-series for select Victoria Creek stations (2011) 
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Figure 3-28: Average daily unit yield time-series for select Project stations (2014) 
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Figure 3-29: Average daily unit yield time-series for select Project stations (2015) 
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Figure 3-30: Average daily unit yield time-series for select Project stations (2016) 
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3.5 Streamflow Records – Monthly Summary Tables 

Summary tables of average monthly discharge, unit yields and runoff are presented for ten 
hydrometric stations in this section. 

Table 3-23: 
H-DC-B Summary statistics for 15-minute discharge record. All values are in m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

Average -- -- -- -- 0.03 0.01 0.01 0.02 0.01 0.01 -- -- 

Maximum -- -- -- -- 0.11 0.02 0.02 0.51 0.04 0.03 -- -- 

Minimum -- -- -- -- 0.00 0.00 0.00 0.01 0.00 0.00 -- -- 

2016 

Average -- -- -- -- 0.03 0.01 0.01 0.01 0.00 -- -- -- 

Maximum -- -- -- -- 0.13 0.06 0.07 0.03 0.03 -- -- -- 

Minimum -- -- -- -- 0.01 0.00 0.00 0.00 0.00 -- -- -- 

All 
Years 

Average -- -- -- -- 0.03 0.01 0.01 0.02 0.01 0.01 -- -- 

Maximum -- -- -- -- 0.13 0.06 0.07 0.51 0.04 0.03 -- -- 

Minimum -- -- -- -- 0.00 0.00 0.00 0.00 0.00 0.00 -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘indicate that no data is available. 
 

Table 3-24: 
H-DC-B Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

# days with data -- -- -- -- 26 30 31 31 30 13 -- -- 

Average Discharge (m3/s) -- -- -- -- 0.03 0.01 0.01 0.02 0.01 0.01 -- -- 

Average Yield (L/s/km2) -- -- -- -- 8.72 3.05 2.65 7.53 4.13 2.01 -- -- 

Runoff (mm) -- -- -- -- 19.8 7.9 7.1 20.2 10.7 2.3 -- -- 

2016 

# days with data -- -- -- -- 21 30 31 31 27 -- -- -- 

Average Discharge (m3/s) -- -- -- -- 0.03 0.01 0.01 0.01 0.00 -- -- -- 

Average Yield (L/s/km2) -- -- -- -- 10.71 4.14 4.68 2.99 1.43 -- -- -- 

Runoff (mm) -- -- -- -- 19.6 10.7 12.5 8.0 3.3 -- -- -- 

All 
Years 

Average Discharge (m3/s) -- -- -- -- 0.03 0.01 0.01 0.02 0.01 0.01 -- -- 

Average Yield (L/s/km2) -- -- -- -- 9.71 3.59 3.67 5.26 2.78 2.01 -- -- 

Runoff (mm) -- -- -- -- 19.7 9.3 9.8 14.1 7.0 2.3 -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘indicate that no data is available. 
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Table 3-25: 
H-SEEP Summary statistics for 15-minute discharge record. All values are in m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2006 

Average 0.001 -- -- -- 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 
Maximum 0.001 -- -- -- 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
Minimum 0.001 -- -- -- 0.002 0.002 0.002 0.001 0.002 0.002 0.001 0.001 
# days with data 24 -- -- -- 7 17 26 31 30 31 30 30 

2007 

Average 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 
Maximum 0.002 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
Minimum 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
# days with data 31 28 31 30 30 30 31 29 30 31 29 31 

2008 

Average 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 -- -- 
Maximum 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.002 0.002 0.002 -- -- 
Minimum 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 -- -- 
# days with data 31 29 31 29 31 30 29 31 29 20 -- -- 

2009 

Average 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.002 0.002 0.002 0.002 0.002 
Maximum 0.002 0.001 0.001 0.002 0.002 0.002 0.002 0.003 0.003 0.002 0.002 0.002 
Minimum 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 
# days with data 30 28 31 30 31 30 31 31 30 31 30 30 

2010 

Average 0.002 0.002 0.002 0.002 0.003 0.002 0.003 0.002 0.002 0.003 0.003 0.003 
Maximum 0.002 0.002 0.002 0.004 0.003 0.002 0.004 0.003 0.003 0.004 0.003 0.003 
Minimum 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.002 
# days with data 31 28 30 30 25 30 31 28 30 31 30 31 

2011 

Average 0.003 0.003 0.002 0.002 0.003 0.002 0.003 0.003 0.003 0.003 0.003 0.003 
Maximum 0.003 0.003 0.003 0.002 0.005 0.004 0.003 0.004 0.004 0.004 0.004 0.003 
Minimum 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.001 0.002 0.003 
# days with data 31 28 31 30 30 30 31 6 26 31 29 30 

2012 

Average 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.004 0.004 0.004 0.003 0.003 
Maximum 0.003 0.003 0.003 0.005 0.005 0.003 0.005 0.005 0.004 0.004 0.004 0.004 
Minimum 0.002 0.002 0.002 0.002 0.003 0.002 0.003 0.003 0.003 0.003 0.003 0.003 
# days with data 31 29 31 25 31 30 31 31 30 31 30 31 

2013 

Average 0.003 0.003 0.003 0.003 0.004 0.003 0.003 0.003 0.003 0.004 0.003 0.003 
Maximum 0.004 0.004 0.004 0.004 0.005 0.007 0.005 0.005 0.005 0.004 0.004 0.003 
Minimum 0.003 0.003 0.003 0.002 0.003 0.002 0.002 0.002 0.002 0.003 0.003 0.003 
# days with data 31 28 31 30 31 30 31 31 30 31 30 31 

2014 

Average 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 
Maximum 0.003 0.003 0.003 0.003 0.005 0.003 0.003 0.004 0.004 0.004 0.003 0.004 
Minimum 0.003 0.003 0.003 0.002 0.002 0.003 0.002 0.003 0.003 0.003 0.002 0.002 
# days with data 30 28 31 30 31 30 31 31 30 31 30 31 

2015 

Average 0.003 0.003 0.003 0.003 0.003 0.002 0.002 0.003 0.003 0.003 0.003 0.002 
Maximum 0.003 0.003 0.004 0.003 0.004 0.003 0.003 0.004 0.003 0.004 0.003 0.002 
Minimum 0.003 0.003 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.002 
# days with data 31 28 31 30 31 30 31 31 30 31 30 31 

2016 

Average 0.002 0.002 0.002 0.003 0.002 0.002 0.002 0.003 0.003 0.003 0.003 -- 
Maximum 0.002 0.002 0.002 0.005 0.003 0.003 0.004 0.003 0.003 0.003 0.003 -- 
Minimum 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 -- 
# days with data 31 29 31 30 31 30 31 29 30 31 29 -- 

All 
Years 

Average 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.002 
Maximum 0.004 0.004 0.004 0.005 0.005 0.007 0.005 0.005 0.005 0.004 0.004 0.004 
Minimum 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘indicate that no data is available. 
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Table 3-26: 
H-DC-M WP Summary statistics for 15-minute discharge record. All values are in m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

Average -- -- -- -- 0.043 0.010 0.006 0.026 0.015 0.008 -- -- 

Maximum -- -- -- -- 0.367 0.027 0.012 0.492 0.037 0.011 -- -- 

Minimum -- -- -- -- 0.010 0.004 0.004 0.005 0.006 0.005 -- -- 

All 
Years 

Average -- -- -- -- 0.043 0.010 0.006 0.026 0.015 0.008 -- -- 

Maximum -- -- -- -- 0.367 0.027 0.012 0.492 0.037 0.011 -- -- 

Minimum -- -- -- -- 0.010 0.004 0.004 0.005 0.006 0.005 -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 

 

Table 3-27: 
H-DC-M WP Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

# days with data -- -- -- -- 18 30 31 31 30 13 -- -- 

Average Discharge (m3/s) -- -- -- -- 0.043 0.010 0.006 0.026 0.015 0.008 -- -- 

Average Yield (L/s/km2) -- -- -- -- 12.92 2.90 1.79 7.81 4.62 2.46 -- -- 

Runoff (mm) -- -- -- -- 20.4 7.5 4.8 20.9 12.0 2.8 -- -- 

All 
Years 

Average Discharge (m3/s) -- -- -- -- 0.043 0.010 0.006 0.026 0.015 0.008 -- -- 

Average Yield (L/s/km2) -- -- -- -- 12.92 2.90 1.79 7.81 4.62 2.46 -- -- 

Runoff (mm) -- -- -- -- 20.4 7.5 4.8 20.9 12.0 2.8 -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 

 

Table 3-28: 
H-DC-R Summary statistics for 15-minute discharge record. All values are in m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 
Average -- -- -- -- 0.031 0.011 0.009 0.021 0.017 0.004 -- -- 
Maximum -- -- -- -- 0.066 0.021 0.021 0.083 0.033 0.013 -- -- 
Minimum -- -- -- -- 0.009 0.005 0.005 0.008 0.004 0.002 -- -- 

2016 
Average -- -- -- -- 0.028 0.014 0.023 0.020 0.021 -- -- -- 
Maximum -- -- -- -- 0.068 0.045 0.065 0.043 0.030 -- -- -- 
Minimum -- -- -- -- 0.008 0.007 0.008 0.013 0.009 -- -- -- 

All Years 
Average -- -- -- -- 0.030 0.012 0.016 0.021 0.019 0.004 -- -- 
Maximum -- -- -- -- 0.068 0.045 0.065 0.083 0.033 0.013 -- -- 
Minimum -- -- -- -- 0.008 0.005 0.005 0.008 0.004 0.002 -- -- 

Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available.
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Table 3-29: 
H-DC-R Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

# days with data -- -- -- -- 19 30 31 31 30 13 -- -- 

Average Discharge (m3/s) -- -- -- -- 0.031 0.011 0.009 0.021 0.017 0.004 -- -- 

Average Yield (L/s/km2) -- -- -- -- 6.92 2.33 1.99 4.74 3.84 0.99 -- -- 

Runoff (mm) -- -- -- -- 11 6 5 13 10 1 -- -- 

2016 

# days with data -- -- -- -- 31 30 31 31 30 -- -- -- 

Average Discharge (m3/s) -- -- -- -- 0.028 0.014 0.023 0.020 0.021 -- -- -- 

Average Yield (L/s/km2) -- -- -- -- 6.29 3.12 5.14 4.50 4.76 -- -- -- 

Runoff (mm) -- -- -- -- 17 8 14 12 12 -- -- -- 

All 
Years 

Average Discharge (m3/s) -- -- -- -- 0.03 0.01 0.02 0.02 0.02 0.00 -- -- 

Average Yield (L/s/km2) -- -- -- -- 6.60 2.73 3.57 4.62 4.30 0.99 -- -- 

Runoff (mm) -- -- -- -- 14.0 7.1 9.6 12.4 11.1 1.1 -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 

 
Table 3-30: 

H-BC Summary statistics for 15-minute discharge record. All values are in m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

Average -- -- -- -- -- 0.013 0.010 0.075 0.100 -- -- -- 

Maximum -- -- -- -- -- 0.028 0.036 0.669 0.165 -- -- -- 

Minimum -- -- -- -- -- 0.001 0.002 0.002 0.054 -- -- -- 

2016 

Average -- -- -- 0.125 0.085 0.039 0.049 0.056 0.065 -- -- -- 

Maximum -- -- -- 0.221 0.280 0.089 0.097 0.079 0.082 -- -- -- 

Minimum -- -- -- 0.082 0.035 0.014 0.004 0.038 0.055 -- -- -- 

All 
Years 

Average -- -- -- -- 0.085 0.026 0.029 0.065 0.083 -- -- -- 

Maximum -- -- -- -- 0.280 0.089 0.097 0.669 0.165 -- -- -- 

Minimum -- -- -- -- 0.035 0.001 0.002 0.002 0.054 -- -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available.
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Table 3-31: 
H-BC Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

# days with data -- -- -- -- -- 15 31 31 24 -- -- -- 

Average Discharge (m3/s) -- -- -- -- -- 0.013 0.010 0.075 0.100 -- -- -- 

Average Yield (L/s/km2) -- -- -- -- -- 1.26 0.97 7.23 9.63 -- -- -- 

Runoff (mm) -- -- -- -- -- 2 3 19 20 -- -- -- 

2016 

# days with data -- -- -- 11 31 30 31 31 27 -- -- -- 

Average Discharge (m3/s) -- -- -- 0.125 0.085 0.039 0.049 0.056 0.065 -- -- -- 

Average Yield (L/s/km2) -- -- -- 12.03 8.20 3.77 4.70 5.36 6.27 -- -- -- 

Runoff (mm) -- -- -- 12 22 10 13 14 15 -- -- -- 

All 
Years 

Average Discharge (m3/s) -- -- -- 0.13 0.09 0.03 0.03 0.07 0.08 -- -- -- 

Average Yield (L/s/km2) -- -- -- 12.03 8.20 2.51 2.84 6.30 7.95 -- -- -- 

Runoff (mm) -- -- -- 11.9 21.9 5.7 7.6 16.9 17.5 -- -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 
 

Table 3-32: 
H-VC-U Summary statistics for 15-minute discharge record. All values are in m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2011 
Average -- -- -- -- -- 0.660 0.626 1.101 0.443 0.214 0.202 0.146 
Maximum -- -- -- -- -- 2.291 1.435 1.978 0.680 0.502 0.696 0.262 
Minimum -- -- -- -- -- 0.349 0.273 0.559 0.209 0.000 0.109 0.000 

2012 
Average -- -- -- -- -- -- -- -- -- -- -- -- 
Maximum -- -- -- -- -- -- -- -- -- -- -- -- 
Minimum -- -- -- -- -- -- -- -- -- -- -- -- 

2013 
Average -- -- -- -- -- -- -- -- -- -- -- -- 
Maximum -- -- -- -- -- -- -- -- -- -- -- -- 
Minimum -- -- -- -- -- -- -- -- -- -- -- -- 

2014 
Average -- -- -- -- 0.720 0.187 0.147 0.206 0.543 0.583 -- -- 
Maximum -- -- -- -- 2.126 0.506 0.995 0.688 1.197 0.987 -- -- 
Minimum -- -- -- -- 0.260 0.000 0.000 0.087 0.197 0.312 -- -- 

2015 
Average -- -- -- -- 0.505 0.100 0.096 0.631 0.695 0.265 -- -- 
Maximum -- -- -- -- 2.298 0.170 0.300 4.298 1.322 0.386 -- -- 
Minimum -- -- -- -- 0.118 0.064 0.066 0.118 0.267 0.137 -- -- 

2016 
Average -- -- -- 0.860 0.860 0.290 0.499 0.434 0.518 0.414 -- -- 
Maximum -- -- -- 2.626 4.367 0.698 1.652 0.766 0.687 0.494 -- -- 
Minimum -- -- -- 0.317 0.292 0.172 0.168 0.303 0.352 0.329 -- -- 

All 
Years 

Average -- -- -- 0.860 0.695 0.309 0.342 0.593 0.550 0.369 0.202 0.146 
Maximum -- -- -- 2.626 4.367 2.291 1.652 4.298 1.322 0.987 0.696 0.262 
Minimum -- -- -- 0.317 0.118 0.000 0.000 0.087 0.197 0.000 0.109 0.000 

Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 
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Table 3-33: 
H-VC-U Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2011 

# days with data -- -- -- -- -- 23 21 27 30 31 30 6 
Average Discharge (m3/s) -- -- -- -- -- 0.660 0.626 1.101 0.443 0.214 0.202 0.146 
Average Yield (L/s/km2) -- -- -- -- -- 10.21 9.69 17.05 6.85 3.31 3.12 2.26 
Runoff (mm) -- -- -- -- -- 21 17 40 18 9 8 1 

2012 

# days with data -- -- -- -- -- -- -- -- -- -- -- -- 
Average Discharge (m3/s) -- -- -- -- -- -- -- -- -- -- -- -- 
Average Yield (L/s/km2) -- -- -- -- -- -- -- -- -- -- -- -- 
Runoff (mm) -- -- -- -- -- -- -- -- -- -- -- -- 

2013 

# days with data -- -- -- -- -- -- -- -- -- -- -- -- 
Average Discharge (m3/s) -- -- -- -- -- -- -- -- -- -- -- -- 
Average Yield (L/s/km2) -- -- -- -- -- -- -- -- -- -- -- -- 
Runoff (mm) -- -- -- -- -- -- -- -- -- -- -- -- 

2014 

# days with data -- -- -- -- 22 30 31 31 30 15 -- -- 
Average Discharge (m3/s) -- -- -- -- 0.720 0.187 0.147 0.206 0.543 0.583 -- -- 
Average Yield (L/s/km2) -- -- -- -- 11.15 2.90 2.28 3.19 8.40 9.02 -- -- 
Runoff (mm) -- -- -- -- 21 8 6 9 22 11 -- -- 

2015 

# days with data -- -- -- -- 18 30 31 31 30 13 -- -- 
Average Discharge (m3/s) -- -- -- -- 0.505 0.100 0.096 0.631 0.695 0.265 -- -- 
Average Yield (L/s/km2) -- -- -- -- 7.82 1.54 1.49 9.77 10.76 4.11 -- -- 
Runoff (mm) -- -- -- -- 12 4 4 26 28 5 -- -- 

2016 

# days with data -- -- -- 12 31 30 31 31 30 4 -- -- 
Average Discharge (m3/s) -- -- -- 0.860 0.860 0.290 0.499 0.434 0.518 0.414 -- -- 
Average Yield (L/s/km2) -- -- -- 13.31 13.31 4.50 7.72 6.72 8.02 6.40 -- -- 
Runoff (mm) -- -- -- 13 36 12 21 18 21 2 -- -- 

All 
Years 

Average Discharge (m3/s) -- -- -- 0.860 0.695 0.309 0.342 0.593 0.550 0.369 0.202 0.146 
Average Yield (L/s/km2) -- -- -- 13.3 10.8 4.8 5.3 9.2 8.5 5.7 3.1 2.3 
Runoff (mm) -- -- -- 13 23 11 12 23 22 7 8 1 

Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 

Table 3-34: 
H-VC-DBC Summary statistics for 15-minute discharge record. All values are in 

m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2014 
Average -- -- 0.225 0.291 1.503 0.261 0.293 0.372 1.009 0.640 0.329 0.195 
Maximum -- -- 0.415 1.832 5.332 0.599 1.196 0.865 1.947 1.866 0.696 0.513 
Minimum -- -- 0.102 0.127 0.419 0.180 0.155 0.242 0.393 0.245 0.185 0.120 

2015 
Average 0.174 -- -- -- 0.804 0.111 0.093 0.688 0.887 0.356 -- -- 
Maximum 0.342 -- -- -- 2.725 0.187 0.293 5.087 1.484 0.525 -- -- 
Minimum 0.086 -- -- -- 0.145 0.055 0.052 0.099 0.370 0.197 -- -- 

2016 
Average -- -- -- 0.607 0.997 0.304 0.547 0.496 0.633 0.494 -- -- 
Maximum -- -- -- 3.177 4.408 0.928 1.851 0.931 0.846 0.581 -- -- 
Minimum -- -- -- 0.075 0.298 0.131 0.119 0.299 0.378 0.350 -- -- 

All 
Years 

Average 0.174 -- 0.225 0.449 1.102 0.225 0.311 0.519 0.843 0.497 0.329 0.195 
Maximum 0.342 -- 0.415 3.177 5.332 0.928 1.851 5.087 1.947 1.866 0.696 0.513 
Minimum 0.086 -- 0.102 0.075 0.145 0.055 0.052 0.099 0.370 0.197 0.185 0.120 

Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 
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Table 3-35: 
H-VC-DBC Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2014 

# days with data -- -- 20 30 31 30 31 31 30 31 30 31 
Average Discharge (m3/s) -- -- 0.225 0.291 1.503 0.261 0.293 0.372 1.009 0.640 0.329 0.195 
Average Yield (L/s/km2) -- -- 3.00 3.87 20.05 3.48 3.90 4.96 13.45 8.53 4.39 2.60 
Runoff (mm) -- -- 5 10 54 9 10 13 35 23 11 7 

2015 

# days with data 12 -- -- -- 27 30 31 31 30 13 -- -- 
Average Discharge (m3/s) 0.174 -- -- -- 0.804 0.111 0.093 0.688 0.887 0.356 -- -- 
Average Yield (L/s/km2) 2.32 -- -- -- 10.72 1.48 1.24 9.17 11.83 4.75 -- -- 
Runoff (mm) 2 -- -- -- 25 4 3 25 31 5 -- -- 

2016 

# days with data -- -- -- 24 31 30 31 31 30 4 -- -- 
Average Discharge (m3/s) -- -- -- 0.607 0.997 0.304 0.547 0.496 0.633 0.494 -- -- 
Average Yield (L/s/km2) -- -- -- 8.10 13.29 4.05 7.29 6.61 8.44 6.59 -- -- 
Runoff (mm) -- -- -- 17 36 10 20 18 22 2 -- -- 

All 
Years 

Average Discharge (m3/s) 0.174 -- 0.225 0.449 1.102 0.225 0.311 0.519 0.843 0.497 0.329 0.195 
Average Yield (L/s/km2) 2.32 -- 3.00 5.99 14.69 3.00 4.14 6.91 11.24 6.63 4.39 2.60 
Runoff (mm) 2 -- 5 13 38 8 11 19 29 10 11 7 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 

 
Table 3-36: 

H-VC-UMN Summary statistics for 15-minute discharge record. All values are in 
m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2014 

Average -- -- -- -- 1.032 0.320 0.341 0.376 0.443 0.193 0.192 0.084 

Maximum -- -- -- -- 6.025 0.527 1.032 0.766 1.030 0.370 0.448 0.117 

Minimum -- -- -- -- 0.000 0.251 0.165 0.293 0.239 0.099 0.089 0.044 

2015 

Average 0.048 -- -- -- 1.023 0.158 0.138 0.700 0.728 0.382 -- -- 

Maximum 0.095 -- -- -- 5.651 0.234 0.314 5.627 1.304 0.662 -- -- 

Minimum 0.012 -- -- -- 0.199 0.101 0.101 0.160 0.376 0.223 -- -- 

2016 

Average 0.226 0.129 0.066 0.819 1.021 0.323 0.574 0.505 0.642 0.514 -- -- 

Maximum 0.514 0.452 0.214 4.284 4.477 0.990 1.862 0.967 0.912 0.586 -- -- 

Minimum 0.116 0.044 0.037 0.057 0.321 0.172 0.161 0.325 0.385 0.421 -- -- 

All 
Years 

Average 0.137 -- 0.066 0.819 1.025 0.267 0.351 0.527 0.604 0.363 0.192 0.084 

Maximum 0.514 -- 0.214 4.284 6.025 0.990 1.862 5.627 1.304 0.662 0.448 0.117 

Minimum 0.012 -- 0.037 0.057 0.000 0.101 0.101 0.160 0.239 0.099 0.089 0.044 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available 
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Table 3-37: 
H-VC-UMN Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2014 

# days with data -- -- -- -- 23 30 31 31 30 31 30 31 

Average Discharge (m3/s) -- -- -- -- 1.032 0.320 0.341 0.376 0.443 0.193 0.192 0.084 

Average Yield (L/s/km2) -- -- -- -- 12.38 3.83 4.09 4.51 5.32 2.32 2.30 1.01 

Runoff (mm) -- -- -- -- 24 10 11 12 14 6 6 3 

2015 

# days with data 6 0 0 0 31 30 31 30 30 13 -- -- 

Average Discharge (m3/s) 0.048 -- -- -- 1.023 0.158 0.138 0.700 0.728 0.382 -- -- 

Average Yield (L/s/km2) 0.58 -- -- -- 12.26 1.89 1.66 8.40 8.73 4.58 -- -- 

Runoff (mm) 0 -- -- -- 33 5 4 22 23 5 -- -- 

2016 

# days with data 19 29 31 24 31 30 31 31 30 3 -- -- 

Average Discharge (m3/s) 0.226 0.129 0.066 0.819 1.021 0.323 0.574 0.505 0.642 0.514 -- -- 

Average Yield (L/s/km2) 2.70 1.54 0.79 9.83 12.24 3.87 6.88 6.06 7.69 6.17 -- -- 

Runoff (mm) 4 4 2 21 33 10 18 16 20 1 -- -- 

All 
Years 

Average Discharge (m3/s) 0.137 -- 0.066 0.819 1.025 0.267 0.351 0.527 0.604 0.363 0.192 0.084 

Average Yield (L/s/km2) 1.64 -- 0.79 9.83 12.29 3.20 4.21 6.32 7.25 4.35 2.30 1.01 

Runoff (mm) 2 -- 2 21 30 8 11 17 19 4 6 3 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘indicate that no data is available. 

 
Table 3-38: 

H-VC-R Summary statistics for 15-minute discharge record. All values are in m3/s. 
Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2011 
Average -- -- -- -- -- -- 1.452 1.741 0.704 -- -- -- 
Maximum -- -- -- -- -- -- 3.083 3.263 1.160 -- -- -- 
Minimum -- -- -- -- -- -- 0.862 1.003 0.000 -- -- -- 

2012 
Average -- -- -- -- -- -- -- -- -- -- -- -- 
Maximum -- -- -- -- -- -- -- -- -- -- -- -- 
Minimum -- -- -- -- -- -- -- -- -- -- -- -- 

2013 
Average -- -- -- -- -- -- -- -- -- -- -- -- 
Maximum -- -- -- -- -- -- -- -- -- -- -- -- 
Minimum -- -- -- -- -- -- -- -- -- -- -- -- 

2014 
Average -- -- -- -- 1.194 0.321 0.284 0.374 0.538 0.232 0.17 0.07 
Maximum -- -- -- -- 6.303 0.704 1.202 0.876 1.296 0.565 0.37 0.12 
Minimum -- -- -- -- 0.449 0.131 0.098 0.219 0.246 0.084 0.08 0.03 

2015 
Average 0.029 -- -- 0.280 1.446 0.552 0.472 1.306 1.073 0.557 -- -- 
Maximum 0.065 -- -- 0.839 4.805 0.744 0.895 6.485 1.790 0.825 -- -- 
Minimum 0.000 -- -- 0.070 0.453 0.393 0.373 0.519 0.583 0.346 -- -- 

All 
Years 

Average -- -- -- 0.280 1.320 0.437 0.736 1.140 0.772 0.394 0.168 0.073 
Maximum -- -- -- 0.839 6.303 0.744 3.083 6.485 1.790 0.825 0.369 0.118 
Minimum -- -- -- 0.070 0.449 0.131 0.098 0.219 0.000 0.084 0.082 0.028 

Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 
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Table 3-39: 
H-VC-R Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2011 

# days with data -- -- -- -- -- -- 14 27 30 -- -- -- 
Average Discharge (m3/s) -- -- -- -- -- -- 1.452 1.741 0.704 -- -- -- 
Average Yield (L/s/km2) -- -- -- -- -- -- 14.86 17.82 7.21 -- -- -- 
Runoff (mm) -- -- -- -- -- -- 18 42 19 -- -- -- 

2012 

# days with data -- -- -- -- -- -- -- -- -- -- -- -- 
Average Discharge (m3/s) -- -- -- -- -- -- -- -- -- -- -- -- 
Average Yield (L/s/km2) -- -- -- -- -- -- -- -- -- -- -- -- 
Runoff (mm) -- -- -- -- -- -- -- -- -- -- -- -- 

2013 

# days with data -- -- -- -- -- -- -- -- -- -- -- -- 
Average Discharge (m3/s) -- -- -- -- -- -- -- -- -- -- -- -- 
Average Yield (L/s/km2) -- -- -- -- -- -- -- -- -- -- -- -- 
Runoff (mm) -- -- -- -- -- -- -- -- -- -- -- -- 

2014 

# days with data -- -- -- -- 23 30 31 31 30 31 30 31 
Average Discharge (m3/s) -- -- -- -- 1.194 0.321 0.284 0.374 0.538 0.232 0.17 0.07 
Average Yield (L/s/km2) -- -- -- -- 12.22 3.28 2.91 3.83 5.51 2.37 1.72 0.75 
Runoff (mm) -- -- -- -- 24 9 8 10 14 6 4 2 

2015 

# days with data 6 -- -- 22 31 30 31 31 30 13 -- -- 
Average Discharge (m3/s) 0.029 -- -- 0.280 1.446 0.552 0.472 1.306 1.073 0.557 -- -- 
Average Yield (L/s/km2) 0.29 -- -- 2.86 14.80 5.65 4.83 13.37 10.98 5.70 -- -- 
Runoff (mm) 0 -- -- 5 39 15 13 36 28 6 -- -- 

All 
Years 

Average Discharge (m3/s) -- -- -- 0.280 1.320 0.437 0.736 1.140 0.772 0.394 0.168 0.073 
Average Yield (L/s/km2) -- -- -- 2.86 13.51 4.47 7.53 11.67 7.90 4.04 1.72 0.75 
Runoff (mm) -- -- -- 5 32 12 13 29 20 6 4 2 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘ indicate that no data is available. 

 
Table 3-40: 

H-VC-R+290 Summary statistics for 15-minute discharge record. All values are in 
m3/s. 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

Average -- -- -- -- 1.541 0.552 0.472 1.306 1.073 0.557 -- -- 

Maximum -- -- -- -- 3.890 0.744 0.895 6.485 1.790 0.825 -- -- 

Minimum -- -- -- -- 0.674 0.393 0.373 0.519 0.583 0.346 -- -- 

2016 

Average -- -- -- 0.876 1.356 0.433 0.769 0.704 0.924 0.752 -- -- 

Maximum -- -- -- 3.430 4.494 1.253 2.377 1.306 1.226 0.889 -- -- 

Minimum -- -- -- 0.077 0.442 0.210 0.192 0.460 0.559 0.623 -- -- 

All 
Years 

Average -- -- -- 0.876 1.449 0.493 0.621 1.005 0.998 0.654 -- -- 

Maximum -- -- -- 3.430 4.494 1.253 2.377 6.485 1.790 0.889 -- -- 

Minimum -- -- -- 0.077 0.442 0.210 0.192 0.460 0.559 0.346 -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘indicate that no data is available. 
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Table 3-41: 
H-VC- R+290 Summary statistics for daily discharge, unit yield and runoff 

Year Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2015 

# days with data -- -- -- -- 19 30 31 31 30 13 -- -- 

Average Discharge (m3/s) -- -- -- -- 1.541 0.552 0.472 1.306 1.073 0.557 -- -- 

Average Yield (L/s/km2) -- -- -- -- 15.78 5.65 4.83 13.37 10.98 5.70 -- -- 

Runoff (mm) -- -- -- -- 26 15 13 36 28 6 -- -- 

2016 

# days with data -- -- -- 30 31 31 31 31 30 3 -- -- 

Average Discharge (m3/s) -- -- -- 0.876 1.356 0.433 0.769 0.704 0.924 0.752 -- -- 

Average Yield (L/s/km2) -- -- -- 8.97 13.88 4.43 7.87 7.21 9.46 7.69 -- -- 

Runoff (mm) -- -- -- 23 37 12 21 19 25 2 -- -- 

All 
Years 

Average Discharge (m3/s) -- -- -- 0.876 1.449 0.493 0.621 1.005 0.998 0.654 -- -- 

Average Yield (L/s/km2) -- -- -- 8.97 14.83 5.04 6.35 10.29 10.22 6.70 -- -- 

Runoff (mm) -- -- -- 23 32 13 17 28 26 4 -- -- 
Notes: 
1. Values in italics indicate months with incomplete records, and fields denoted by ‘- -‘indicate that no data is available. 

3.6 Regional Analyses 

Data from the regional hydrometric stations listed in Table 2-6 were compiled and analyzed 
to characterize mean annual runoff (MAR), monthly distribution of runoff, peak flow and 
low flow recurrence interval estimates. The results of these analyses are presented in the 
following sections. Note that the culmination of the regional streamflow analysis is the 
development of the synthetic streamflow records that are used as the primary input to the 
Site water balance and water quality model (WBM/WQM). This process is described in 
detail in Appendix A of the WBM/WQM report (Lorax 2017).      

3.6.1 Annual Runoff 

Summaries of the average annual discharge, mean annual runoff (MAR) and average 
annual unit yields are presented for the regional stations in Table 3-42, and the monthly 
distribution of runoff is shown in Figure 3-31. In general MAR ranges from ~100 mm/year 
to 484 mm/year, and the dominant streamflow regime is nival (i.e., snowmelt) driven. The 
relationship between MAR and geographical position within the regional study area was 
explored by plotting the MAR values against latitude and longitude. No clear pattern 
between these variables was noted, however, physiographic characteristics do play a role 
in MAR and the monthly distribution of runoff. Three of the weather stations captured in 
the150 km radius around the Site show a marked divergence from the nival pattern. The 
Yukon River above Frank Creek (09AB009), Kluane River at the Outlet of Kluane Lake 
(09CA002) and the Donjek River below Kluane River (09CA003), all display markedly 
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different hydrographs (Figure 3-31). The first station displays a hydrograph that is 
representative of a lake outflow regime (Lake Laberge), and the other two stations are 
dominated by a summer glacier melt pattern, from the extensive icefields located on the 
eastern flank of the St. Elias Range. These three stations display runoff regimes that are 
not representative of the Site streamflow regime and were, therefore, not included in the 
subsequent low flow analyses (Section 3.6.4). If these stations are removed from the 
regional summary, then the regional average MAR is 205 mm/year, and ranges from 100 
to 320 mm/year. 

 

Table 3-42: 
Regional peak flow recurrence interval estimates, presented in m3/s (top) and unit 

yields (L/s/km2) 

Station ID Station Name Drainage 
Area (km2) 

Average Annual 
Discharge (m3/s) 

Average Annual Unit 
Yield (L/s/km2) 

MAR 
(mm) 

08AA001 Aishihik River near Whitehorse 4,300  14.36 3.30 105 

08AA003 Dezadeash River at Haines 
Junction 8,450  43.99 5.21 164 

08AA009 Giltana Creek near the Mouth 190  0.62 3.27 103 

09AB009 Yukon River above Frank Creek 30,800  329.97 10.59 338 

09AF001 Teslin River near Whitehorse 36,500  350.81 9.19 303 

09AG001 Big Salmon River near Carmacks 6,760  68.53 9.94 320 

09AH001 Yukon River at Carmacks 81,800  769.94 9.31 297 

09AH003 Big Creek near the Mouth 1,800  7.93 4.42 139 

09AH004 Nordenskiold River below 
Rowlinson Creek 6,410  15.10 2.35 74 

09AH005 Drury Creek at km 469 Robert 
Campbell Highway 552  5.06 9.08 289 

09BB002 MacMillan River near the Mouth 13,800  136.78 10.07 313 

09BC001 Pelly River at Pelly Crossing 48,900  392.81 8.00 254 

09CA002 Kluane River at Outlet of Kluane 
Lake 4,950  75.92 15.31 484 

09CA003 Donjek River below Kluane 
River 12,400  165.24 13.47 421 

09CA006 Nisling River below Onion Creek 7,910  37.02 4.69 148 

09DD004 McQuesten River near the Mouth 4,750  38.78 8.14 258 
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Figure 3-31: Monthly unit yield distribution for regional hydrometric stations.  
 

To quantify the expected runoff that Site basins would generate in a dry- or wet-year, the 
synthetic streamflow records described in Section 2.3.6 (and in the Water Balance and 
Water Quality Model Report) were used to generate recurrence interval estimates of dry- 
and wet-year runoff. The results are listed in Table 3-45, noting that as discussed in Section 
2.3.6, values are not provided for the VC-DBC station, as this series was scaled from the 
VC-UMN series, and thus the runoff values would be the same for the two stations. 

Table 3-43: 
Recurrence interval estimates of dry- and wet-year runoff. Values are in mm/year. 

Exceedance 
Probability Recurrence Interval Big Creek 

(1,800 km2) 
DC-B 

(3.0 km2) 
DC-R (4.5 

km2) 
VC-UMN 
(83.4 km2) 

0.995 1:200 year dry 43 24.5 29 45 
0.99 1:100 year dry 49 29.8 31 50 
0.98 1:50 year dry 56 36.2 35 56 
0.96 1:25 year dry 64 44 39 64 

0.9 1:10 year dry 78 58 47 77 
0.5 1:2 year (median) 130 114 77 126 
0.1 1:10 year wet 214 225 132 215 

0.04 1:25 year wet 257 295 164 266 
0.02 1:50 year wet 290 353 191 306 
0.01 1:100 year wet 323 416 219 348 

0.005 1:200 year wet 357 487 249 393 
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For comparison with the precipitation values presented in Section 3.1.2, the Big Creek 
annual runoff series is presented in Figure 3-34 as a standard anomaly plot that shows 
standardized deviations from the long-term average. The figure shows the same inter-
annual variability in runoff over the Site baseline record period as the precipitation record 
does. Years 2011 through 2013 had higher than average runoff, while years 2014 and 2015 
had lower than average runoff regionally. As the Site synthetic streamflow records are 
based on the Big Creek record, the same results would hold true for the Site records. The 
data for 2016 are preliminary, but indicate annual runoff was higher than the long-term 
average. 

To further integrate the long-term estimates of precipitation, snow water equivalent, 
evapotranspiration and the understanding of Site precipitation/elevation gradients, the Site 
and regional hydro-climatic data were used to generate Site basin specific annual average 
water balances, for confirmation purposes. The results are presented in Lorax (2017), in 
Section 3.1.1. 

 
Figure 3-32: Standard anomaly plot of synthetic annual runoff series for the Big 

Creek hydrometric station. 
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3.6.2 Peak Flow Estimates 

As an extension to the peak flow analysis presented using measured data from site, a 
regional peak flow analysis was conducted using the stations listed in Table 2-6. 
Recurrence interval estimates of annual instantaneous peak flows were plotted against 
drainage area on a log-log plot, and a power law function was then fit to the data (Figure 
3-33). For reference, the measured instantaneous peak flows from the Site data were also 
plotted. The power law functions derived from the regional data for each recurrence 
interval (e.g., 1:100 year peak flow) were used to estimate the corresponding peak flow for 
all Project drainages. For reference, the maximum discharges measured in the Site 
drainages fall below a 1:2 year peak flow recurrence interval, as derived from the regional 
analysis (Table 3-46) for which the measured instantaneous peak flow values are presented 
alongside the regionally derived estimates. The two exceptions to this are stations DC-B 
and DC-M WP, which show measured peak flows between a 1:2 and 1:5 year recurrence 
interval estimate. Given the relatively short duration of the Site data (2-5 years), this result 
is not unexpected. 

The highest peak discharges measured by the regional hydrometric network (relative to 
basin area) were recorded at the Big Creek station (WSC; 09AH003), which was used as 
the predictor station for the synthetic streamflow records (see Section 2.3.6). Given that 
the regional line of best fit falls below this point, an enveloping approach was employed to 
generate a second set of power functions for use in estimating peak flows at the Site. 
Briefly, a second line was drawn parallel to the regional line of best fit and extended 
through the point with the largest discharge value (plots highest on the y-axis). The new y-
intercept was then entered into the power law function to provide an upper-case estimate 
of peak flows for the Site drainages. The results of the initial regional recurrence interval 
analyses are presented in Table 3-44, and the two sets of equations are presented in Table 
3-45. The two sets of Site peak flow estimates (best-fit and envelope curve) are presented 
in Table 3-46 and Table 3-47, respectively. 

The best-fit curves return peak flow estimates that are approximately three times lower 
those returned by the envelope curve estimates, a difference that is consistent for all stations 
and recurrence intervals. This difference between best-fit and envelope values is driven by 
the difference in the y-intercept, not the slope of the line which do not vary in magnitude 
or direction. 
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Figure 3-33: Peak flow estimates for regional stations (blue circles) and maximum 

recorded instantaneous Site discharges (red triangles). Peak flow 
estimates for the Big Creek (09AH003) station are marked with a green 
circle. 
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Table 3-44: 
Regional peak flow recurrence interval estimates, presented in m3/s (top) and unit yields (L/s/km2) 

   m3/s 

Station ID Station Name 
Drainage 

Area (km2) 1:2 year 1:5 year 1:10 year 1:25 year 1:50 year 1:100 year 1:200 year 
09DD004 McQuesten River near the Mouth 4,750 249 318 363 420 461 503 544 
09AH003 Big Creek near the Mouth 1,800 105 174 222 284 329 375 420 
09AH004 Nordenskiold River below Rowlinson Creek 6,410 89 134 166 211 247 284 324 
09BC001 Pelly River at Pelly Crossing 48,900 1905 2476 2852 3325 3678 4032 4390 
09CA006 Nisling River below Onion Creek 7,910 302 406 470 553 615 680 747 
08AA003 Dezadeash River at Haines Junction 8,450 159 220 262 318 362 408 455 
08AA001 Aishihik River near Whitehorse 4,300 70 96 113 132 146 159 171 
08AA010 Aishihik River below Aishihik Lake 3,000 21 38 56 87 118 159 212 
08AA009 Giltana Creek near the Mouth 190 5.0 7.9 9.8 12.2 13.9 15.5 17.2 
09AH001 Yukon River at Carmacks 81,800 1836 2297 2593 2960 3230 3497 3765 
09AG001 Big Salmon River near Carmacks 6,760 328 425 484 556 608 658 707 
09AB009 Yukon River above Frank Creek 30,800 698 767 800 834 854 872 887 

 

   L/s/km2 

Station ID Station Name 
Drainage 

Area (km2) 1:2 year 1:5 year 1:10 year 1:25 year 1:50 year 1:100 year 1:200 year 
09DD004 McQuesten River near the Mouth 4,750 52 67 76 88 97 106 115 
09AH003 Big Creek near the Mouth 1,800 58 97 123 158 183 208 233 
09AH004 Nordenskiold River below Rowlinson Creek 6,410 14 21 26 33 38 44 51 
09BC001 Pelly River at Pelly Crossing 48,900 39 51 58 68 75 82 90 
09CA006 Nisling River below Onion Creek 7,910 38 51 59 70 78 86 94 
08AA003 Dezadeash River at Haines Junction 8,450 19 26 31 38 43 48 54 
08AA001 Aishihik River near Whitehorse 4,300 16 22 26 31 34 37 40 
08AA010 Aishihik River below Aishihik Lake 3,000 7 13 19 29 39 53 71 
08AA009 Giltana Creek near the Mouth 190 27 42 52 64 73 82 90 
09AH001 Yukon River at Carmacks 81,800 22 28 32 36 39 43 46 
09AG001 Big Salmon River near Carmacks 6,760 49 63 72 82 90 97 105 
09AB009 Yukon River above Frank Creek 30,800 23 25 26 27 28 28 29 
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Table 3-45: 
Regional peak flow equations (best-fit and envelope) in m3/s 

Recurrence Interval Equation Envelope Equation 

1:2 year Q = 0.1511*(A)0.8421 Q = 0.3997*(A)0.8421 

1:5 year Q = 0.2061*(A)0.8347 Q = 0.5451*(A)0.8347 

1:10 year Q = 0.2429*(A)0.8311 Q = 0.6425*(A)0.8311 

1:25 year Q = 0.2925*(A)0.8265 Q = 0.7736*(A)0.8265 

1:50 year Q = 0.3331*(A)0.8229 Q = 0.8810*(A)0.8229 

1:100 year Q = 0.3778*(A)0.8189 Q = 0.9993*(A)0.8189 

1:200 year Q = 0.4279*(A)0.8145 Q = 1.1318*(A)0.8145 

 
Table 3-46: 

Peak flow recurrence interval estimates for the Site drainage basins, based on the 
regional best-fit power function. Units are m3/s 

Station Drainage 
Area (km2) 

Max. Measured 
Discharge (m3/s) 

Discharge 
(L/s/km2) 

1:2 
year 

1:5 
year 

1:10 
year 

1:25 
year 

1:50 
year 

1:100 
year 

1:200 
year 

H-DC-B 3.0 0.509 169.5 0.381 0.516 0.605 0.725 0.823 0.929 1.047 

H-DC_M WP 3.3 0.492 149.0 0.413 0.558 0.655 0.785 0.890 1.004 1.132 

H-DC-R 4.5 0.083 18.4 0.536 0.723 0.848 1.014 1.148 1.295 1.457 

H-BC 10.4 0.669 64.4 1.086 1.455 1.701 2.026 2.288 2.571 2.882 

H-VC-U 64.6 4.367 67.6 5.054 6.685 7.761 9.168 10.285 11.473 12.758 

H-VC-DBC 75.0 5.332 71.1 5.731 7.572 8.786 10.372 11.630 12.964 14.407 

H-VC-UMN 83.4 6.025 72.2 6.267 8.273 9.596 11.323 12.691 14.142 15.708 

H-VC-R 97.7 6.485 66.4 7.161 9.442 10.945 12.905 14.456 16.099 17.869 

 
Table 3-47: 

Peak flow recurrence interval estimates for the Site drainage basins, based on the 
regional envelope power function. Units are m3/s 

Station Drainage 
Area (km2) 

Max. Measured 
Discharge (m3/s) 

Discharge 
(L/s/km2) 

1:2 
year 

1:5 
year 

1:10 
year 

1:25 
year 

1:50 
year 

1:100 
year 

1:200 
year 

H-DC-B 3.0 0.509 169.5 1.008 1.364 1.601 1.918 2.176 2.457 2.769 

H-DC_M WP 3.3 0.492 149.0 1.092 1.477 1.733 2.075 2.353 2.656 2.993 

H-DC-R 4.5 0.083 18.4 1.418 1.913 2.243 2.682 3.037 3.425 3.853 

H-BC 10.4 0.669 64.4 2.872 3.849 4.499 5.359 6.052 6.801 7.623 

H-VC-U 64.6 4.367 67.6 13.370 17.680 20.529 24.248 27.203 30.346 33.745 

H-VC-DBC 75.0 5.332 71.1 15.161 20.026 23.240 27.432 30.758 34.291 38.107 

H-VC-UMN 83.4 6.025 72.2 16.579 21.881 25.384 29.947 33.566 37.406 41.549 

H-VC-R 97.7 6.485 66.4 18.942 24.971 28.952 34.132 38.235 42.581 47.265 
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3.6.3 Low Flow Estimates 

3.6.3.1 Summer Low Flow Regime 

The low flow recurrence interval estimates for the summer period (June to September) are 
presented in Table 3-48 (regional) and Table 3-49 (Site). 

The regional stations represent basins that span three orders of magnitude for area (km2), 
and, therefore, there is substantial variation in the calculated low flow values. The most 
representative regional basins are assumed to be those with drainage areas <10,000 km2. 
The regional analysis returns summer 7Q10 yields for each station that range from 0.23 
(Giltana Creek) to 9.41 L/s/km2 (Yukon River at Carmacks), which is a large range (Table 
3-48). There is a strong positive relationship between drainage area and low flows, with 
the smallest basin included in the analysis having the lowest flows (Figure 3-34). The 
regional equations are shown in Figure 3-34, and were used to estimate low flow metrics 
for the Site streams (Table 3-49). The resulting estimates show summer 7Q10 values for the 
Site stations ranging from 0 to 0.018 m3/s (0.024 to 0.18 L/s/km2; Table 3-49), with an 
average summer 7Q10 value for the eight Project stations of 0.1 L/s/km2. The average June 
(lowest flow month) discharges have been included for reference. 

Table 3-48: 
June – September minimum 7-day low flow (7Qyear) recurrence interval estimates 

for regional stations. Units are m3/s. 

Station ID Station Name Drainage Area (km2) Distribution 7Q2 (median) 7Q10 7Q20 

08AA001 Aishihik River near Whitehorse 4,300 LP3 13.03 7.35 6.22 

08AA003 Dezadeash River at Haines Junction 8,450 LP3 43.53 29.62 26.36 

08AA009 Giltana Creek near the Mouth 190 LP3 0.25 0.04 0.02 

09AB009 Yukon River above Frank Creek 30,800 Log-Logistic (3P) 205.51 165.32 154.84 

09AF001 Teslin River near Whitehorse 36,500 Log-Logistic (3P) 350.89 245.68 209.90 

09AG001 Big Salmon River near Carmacks 6,760 LP3 66.21 48.36 44.35 

09AH001 Yukon River at Carmacks 81,800 Log-Logistic (3P) 958.22 769.38 705.16 

09AH003 Big Creek near the Mouth 1,800 Log-Logistic (3P) 3.56 2.03 1.78 

09AH004 Nordenskiold River below Rowlinson 
Creek 6,410 LP3 9.65 4.87 4.02 

09AH005 Drury Creek at km 469 Robert 
Campbell Highway 552 LP3 4.63 3.31 3.06 

09BB002 MacMillan River near the Mouth 13,800 Log-Logistic (3P) 129.47 96.24 84.93 

09BC001 Pelly River at Pelly Crossing 48,900 LP3 348.05 229.90 201.84 

09CA002 Kluane River at Outlet of Kluane 
Lake 4,950 Log-Logistic (3P) 38.86 25.79 21.87 

09CA003 Donjek River below Kluane River 12,400 LP3 150.56 89.20 76.30 

09CA006 Nisling River below Onion Creek 7,910 LP3 20.14 9.58 7.79 

09DD004 McQuesten River near the Mouth 4,750 LP3 28.75 19.40 17.38 
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The 7Q10 estimate for the Big Creek hydrometric record (09AH003), which was used as 
the regional predictor for the construction of the Site synthetic streamflow records, is  
1.3 L/s/km2, which lies on the regional line of best fit (Figure 3-34). A parallel analysis 
that was conducted using the synthetic streamflow data shows a larger range of estimates 
than those returned from the regional analysis. For the four stations that synthetic records 
were assembled for, estimated summer 7Q10 values for the Site stations range from 0 to 
0.098 m3/s (0 to 1.2 L/s/km2; Table 3-49), with an average summer 7Q10 value of  
0.48 L/s/km2.  

 

 
Figure 3-34: June-September 7-day average low flow (7Qyear) estimates derived 

from regional streamflow records (blue circles) and Site synthetic 
streamflow records (red triangles). Low flow estimates for the Big 
Creek (09AH003) station are marked with a green circle. 
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Table 3-49: 
June – September minimum 7-day low flow (7Qyear) recurrence interval estimates 

for Site stations. Units are m3/s. 

Station Drainage 
Area (km2) 

Regional Equations Average June 
Discharge 

Based on Synthetic Streamflows 
7Q2 7Q10 7Q20 7Q2 7Q10 7Q20 

H-DC-B 3.0 0.0005 0.0001 0.00004 0.011 0.001 0.000 0.000 
H-DC_M WP 3.3 0.0005 0.0001 0.00004 0.010 NA NA NA 
H-DC-R 4.5 0.0008 0.0001 0.00007 0.012 0.004 0.001 0.000 
H-BC 10.4 0.0026 0.0005 0.00027 0.026 NA NA NA 
H-VC-U 64.6 0.0331 0.0091 0.00545 0.309 NA NA NA 
H-VC-DBC 75.0 0.0407 0.0116 0.00696 0.225 0.121 0.043 0.031 
H-VC-UMN 83.4 0.0472 0.0137 0.00829 0.267 0.147 0.098 0.091 
H-VC-R 97.7 0.0588 0.0176 0.01075 0.437 NA NA NA 

3.6.3.2 Annual (Winter) Low Flow Regime 

The low flow recurrence interval estimates for the summer period (June to September) are 
presented in Table 3-50 (regional) and Table 3-51 (Site). 

Similar to the June-September low flow analysis, there is substantial variation in the 
calculated annual low flow values. The regional analysis returns annual 7Q10 yields that 
range from 0 (Giltana Creek) to 3.1 L/s/km2 (Yukon River above Frank Creek), which is a 
large range (Table 3-50). There is a strong positive relationship between drainage area and 
low flows, and the smallest basin included in the analysis has the lowest flows (Figure 
3-35). The regional equations are shown in Figure 3-35, and were used to estimate low 
flow metrics for the Site streams (Table 3-51). The resulting estimates show annual 7Q10 
values for the Site stations ranging from 0 to 0.016 m3/s (0.024 to 0.16 L/s/km2; Table 
3-51), with an average annual 7Q10 value for the eight Project stations of 0.1 L/s/km2. 

The 7Q10 estimate for the Big Creek hydrometric record (09AH003), which was used as 
the regional predictor for the construction of the Site synthetic streamflow records, is  
1.3 L/s/km2, which lies well below the regional line of best fit (Figure 3-35). A parallel 
analysis that was conducted using the synthetic streamflow data shows a larger range of 
estimates than those returned from the regional analysis. For the four stations that synthetic 
records were assembled for, estimated annual 7Q10 values for the Site stations range from 
0 to 0.016 m3/s (0 to 0.16 L/s/km2; Table 3-51), with an average annual 7Q10 value of  
0.1 L/s/km2.  

Further information on the winter streamflow conditions in the Site drainages with 
relevance to the Site water balance and water quality model is presented in Section 2.1.1.1 
of the Mount Nansen Water Balance and Water Quality Model Report (Lorax 2017). 
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Table 3-50: 
Annual minimum 7-day low flow recurrence interval estimates for regional stations. 

Units are m3/s. 

Station ID Station Name Drainage Area (km2) Distribution 7Q2 (median) 7Q10 7Q20 

08AA001 Aishihik River near Whitehorse 4,300 LP3 4.00 2.48 2.21 

08AA003 Dezadeash River at Haines Junction 8,450 LP3 15.17 8.39 6.80 

08AA009 Giltana Creek near the Mouth 190 NA 0.04 0.00 0.00 

09AB009 Yukon River above Frank Creek 30,800 LP3 134.80 95.15 84.63 

09AF001 Teslin River near Whitehorse 36,500 LP3 74.45 56.22 52.00 

09AG001 Big Salmon River near Carmacks 6,760 LP3 15.54 13.00 12.33 

09AH001 Yukon River at Carmacks 81,800 LP3 247.21 182.76 165.29 

09AH003 Big Creek near the Mouth 1,800 Lognormal 0.13 0.03 0.02 

09AH004 Nordenskiold River below Rowlinson 
Creek 6,410 LP3 2.78 1.67 1.43 

09AH005 Drury Creek at km 469 Robert 
Campbell Highway 552 LP3 1.31 0.76 0.62 

09BB002 MacMillan River near the Mouth 13,800 LP3 15.65 8.05 6.12 

09BC001 Pelly River at Pelly Crossing 48,900 LP3 51.00 37.57 34.25 

09CA002 Kluane River at Outlet of Kluane Lake 4,950 Weibull (3P) 10.44 4.64 2.89 

09CA003 Donjek River below Kluane River 12,400 LP3 17.16 12.29 11.06 

09CA006 Nisling River below Onion Creek 7,910 Weibull (3P) 6.60 4.04 3.20 

09DD004 McQuesten River near the Mouth 4,750 LP3 6.57 5.02 4.66 

 
Figure 3-35: Annual (winter) 7-day average low flow estimates derived from 

regional streamflow records (blue circles) and manual measurements 
of streamflow (red triangles). Low flow estimates for the Big Creek 
(09AH003) station are marked with a green circle. 
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Table 3-51: 
Annual minimum 7-day low flow recurrence interval estimates for Site stations. 

Units are m3/s. 
Station Drainage Area (km2) 7Q2 (median) 7Q10 7Q20 

H-DC-B 3.0 0.000 0.000 0.000 
H-DC_M WP 3.3 0.000 0.000 0.000 
H-DC-R 4.5 0.001 0.000 0.000 
H-BC 10.4 0.002 0.001 0.001 
H-VC-U 64.6 0.017 0.009 0.008 
H-VC-DBC 75.0 0.021 0.011 0.009 
H-VC-UMN 83.4 0.024 0.013 0.011 
H-VC-R 97.7 0.030 0.016 0.013 

For reference, the available manual spot flow measurements (i.e., where channels were not 
frozen to bed) are presented in Table 3-52. Where flow is present, late-winter yields range 
from 0.02 to 0.6 L/s/km2 in the Victoria Creek drainage. Only one flow measurement is 
available for the mine Site drainages (in Dome Creek), and this is likely influenced by the 
pumped discharge from the Tailings Pond (H-SEEP). Also of note is that late-winter flows 
in Victoria Creek vary substantially along the gauged reach from above the confluence 
with Back Creek (VC-U; 0.25 L/s/km2) to downstream of Back Creek (VC-DBC;  
0.41 L/s/km2), dropping substantially at the VC-UMN station (0.02 L/s/km2) and then 
increasing again at the VC-R station (0.23 L/s/km2). These average yields are based on 
only two to four spot measurements, however, and while they provide a useful snapshot of 
the annual low flow regime they cannot be expected to constrain the full range of 
variability.  

Table 3-52: 
Winter spot flow measurements presented as monthly averages for Project area 

hydrometric stations. Values are unit yields (L/s/km2). 
Hydrometric Station Drainage Area (km2) Measurement Date Month Discharge (m3/s) L/s/km2 

H-DC-M WP 3.3 15/04/2013 4 0.0004 0.12 
H-DC-M WP 3.3 10/03/2014 3 0.0041 1.24 

H-DC-R 4.5 12/11/2013 11 0.0043 0.96 
H-VC-DBC 75 11/03/2014 3 0.0447 0.60 
H-VC-DBC 75 11/03/2014 3 0.0179 0.24 
H-VC-DBC 75 15/04/2014 4 0.044 0.59 
H-VC-DBC 75 16/03/2015 3 0.017 0.23 

H-VC-R 97.7 15/04/2013 4 0.037 0.38 
H-VC-R 97.7 10/03/2014 3 0.0296 0.30 
H-VC-R 97.7 16/03/2015 3 0.002 0.02 
H-VC-U 64.6 11/03/2014 3 0.023 0.36 
H-VC-U 64.6 16/03/2015 3 0.009 0.14 

H-VC-UMN 83.4 11/03/2014 3 0.0032 0.04 
H-VC-UMN 83.4 15/04/2014 4 0.0021 0.03 
H-VC-UMN 83.4 16/03/2015 3 0.002 0.02 



RESULTS 
MOUNT NANSEN – HYDRO-METEOROLOGY BASELINE REPORT 3-73 

22-Aug-17  A422-3  LORAX 

3.6.3.3 Winter Ice Regime in Dome Creek 

All available winter spot flow measurements from the 2011 to 2016 period were 
summarized to characterize streamflow conditions in Dome Creek. Spot streamflow 
measurements made in Dome Creek at DC-M (proximal to DC-U) indicate that unit yields 
can reach lows of 0.1 L/s/km2 just prior to the initiation of freshet (mid-April; Table 3-52), 
but are generally in the range of 1 to 5 L/s/ km2 for the months of November through April 
(Table 3-14). DC-B typically freezes to bed during the winter months, supported by 
observations made by EDI staff on the monthly water quality sampling trips. Extensive 
icing is also encountered at DC-R, with one manual winter flow measurement taken in 
November 2013 indicating yields of <1 L/s/km2 (Table 3-15; EDI, 2013d). Zero flow 
conditions become widespread by January and are accompanied by extensive aufeis 
formation.  

Aufeis (i.e., frozen groundwater seepage that accumulates within- and adjacent to local 
watercourses) is pervasive in creeks and streams in the region and at the Site. Aufeis melts 
during the freshet, but may persist into the early summer (mid- to late-June). This ice 
growth, or aufeis, is the result of shallow groundwater discharge and/or baseflow in the 
stream channel freezing. The ice impedes subsequent flow, which is forced on top of the 
existing ice sheet, where it freezes (Figure 3-36). This process repeats continuously 
throughout the winter, and results in laminated ice sheets that have been measured close to 
0.5 m in thickness within Dome Creek (Figure 3-37 to Figure 3-41). Liquid flow is thus 
either not present, or it can still occur between these laminae, and at the edges of the stream 
channel. It is these flows that the water quality samples are taken from during the winter. 
The aufeis process also acts as a storage reservoir for winter base flows, and can store up 
to a third of the cumulative annual baseflow in sub-Arctic watersheds (Yoshikawa et al., 
2007).  

Aufeis often far exceeds the natural stream channel width in the smaller tributaries, and as 
ice melts much more slowly than the snowpack, much of the freshet occurs while extensive 
aufeis is still present. This makes accurate measurement of streamflows (where they exist) 
challenging or impossible during the winter season at many of the Project hydrometric 
stations, and dangerous during the initiation of freshet. This process also influences the 
distribution of annual streamflow, as the baseflow stored in aufeis during the winter months 
is released during the freshet and early summer periods. This means that proportionately 
even more of the total annual runoff is expressed during the months of May through 
October. 
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Figure 3-36: Groundwater flow patterns and aufeis formation (from Kane, 1981). 
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Figure 3-37: Overflow at DC-U, looking upstream (March 17, 2015). Source: EDI 

2015a. 
 

 
Figure 3-38: DC-M, looking upstream (March 10, 2014). Source: EDI 2014d. 
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Figure 3-39: DC-R, looking downstream (February, 2015). Source: EDI 2015a. 
 

 
Figure 3-40: DC-B, looking downstream (March 17, 2015). Source: EDI 2015a. 



RESULTS 
MOUNT NANSEN – HYDRO-METEOROLOGY BASELINE REPORT 3-77 

22-Aug-17  A422-3  LORAX 

 
Figure 3-41: DC-B, looking upstream (January 14, 2014). Source: EDI 2014d. 
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4. Closure
We trust that this report meets your expectations at this time.  Please contact the 
undersigned with any questions or comments.  

Sincerely, 

LORAX ENVIRONMENTAL SERVICES LTD. 

Prepared by: 

Colin Fraser, M.Sc., P.Geo. 
Hydrologist 

Scott Jackson, M.Sc., P.Geo. 
Hydrologist 
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