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Executive Summary

The prevailing climate conditions at the Project site are typical for central Yukon. Average annual
temperature is -2.6 °C, with average monthly air temperatures that range from -19°C (December)
to +13°C (July). Locally, the Project site experiences notable temperature inversions in the winter
months, with observed ridgetop temperatures up to 10°C higher than measurements recorded at
valley bottom locations.

Mean annual precipitation at the proposed undertaking (~1,300 m above sea level) is estimated to
be 485 mm, with 65% of this total precipitation realized as rain during the months of May through
September, and the remaining 35% occurring as snow from October through April. Precipitation
gradients were ascertained through an inspection of site- and regional precipitation data, and were
established as follows: 4%/100 m elevation gain for rainfall; and 9%/100 m elevation gain for
Snow.

Annual potential evaporation (PE) for the Project area is estimated to be ~500 mm with monthly
rates being highest in May, June, July and August (roughly 70 to 110 mm per month) and
considerably lower for autumn, winter and spring months. Consistent with other studies in the
Yukon, the evapotranspiration estimate for the Coffee Gold site is roughly 40% of the assumed PE
value or 182 mm per year. Results for other climate/weather parameters, including wind speed and
direction, relative humidity, solar radiation and atmospheric pressure are presented in Section 3 of
this report.

Local patterns of streamflow are dominated by a snowmelt freshet that typically occurs between
late April and early June. Following freshet, patterns of streamflow are punctuated by several
rainfall-induced runoff events which occur throughout the summer and autumn. In general, these
high flow events are short duration, persisting usually for a 1 or 2-day time period. Flows in local
creeks and streams abate in October in response to freezing temperatures and it is notable that local
watersheds typically experience zero flow conditions throughout the winter (i.e., November
through end March). Aufeis (i.e., frozen groundwater seepage that accumulates within- and
adjacent to local watercourses) is pervasive in creeks and streams at the Project site and melts
during the freshet, but may persist into the early summer.

Based on measurements at Coffee Creek hydrometric stations, average unit yields across the
project site are 9 L/s/km? for the open water season (May to October), and range from 4.5 to
15 L/s/km?, with specifics of the runoff regime for each monitoring station being dependent on
drainage characteristics (i.e., basin area, shape, mean elevation, extent of permafrost, etc.). Unit
yields range from 1.2 — 3.3 L/s/lkm? in October, and decrease steadily to annual minima in March
(i.e., 0—0.7 L/s/km?), before increasing again in April in response to low-elevation snow melt and
spring rains. At Coffee Creek, instantaneous peak flows, expressed as unit yields, are typically
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between 120 and 200 L/s/km?, but measurements range widely across the site (from 60 to
>300 L/s/km?).

As part of the baseline study, site- and regional hydrometric data were analyzed in combination
to: place the relatively short period of record for Coffee Creek into a broader context; generate
long-term (i.e., 30+ year) synthetic climate and discharge records for the Project area; and to
compute robust climate and flow metrics (e.g., extreme rainfall depths; instantaneous peak flows;
low flows for various return periods) from the combined site- and regional information. These
metrics are tabled in Section 3 (see also Appendix Al and E) of the report and have subsequently
been used to inform engineering and design studies related to the mine and water management
plan, and to construct and calibrate a site-wide water balance and water quality model for the
Coffee Gold Project.
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1. Introduction

1.1 Background

Goldcorp Inc. (Goldcorp) is in the process of developing and permitting the Coffee Gold
Project (Project), a proposed heap leach operation located in west-central Yukon,
approximately 130 km south of Dawson City (Figure 1-1). The Coffee Gold Project
contains several gold occurrences within an exploration concession covering an area more
than 600 km?.

The Project is located in the Yukon-Tanana Terrane (YTT), an accreted pericratonic rock
sequence that covers a large portion of the Omineca Belt in the Yukon and extends into
Alaska and British Columbia. The YTT underlies part of the Tintina gold belt and hosts
multiple gold deposits, including the Sonora Gulch gold deposit, the Casino copper-gold-
molybdenum porphyry, the Boulevard gold prospect, and the Golden Saddle gold deposit.

The Project has undergone a detailed Feasibility Study (Coffee Gold 43-101 FS) with
project engineering and design progressing with full consideration of environmental
conditions within the project area. In parallel to exploration activities and feasibility
studies, Kaminak Gold Corporation (Kaminak) launched a full suite of baseline programs
(e.g., meteorology, hydrology, surface water quality, groundwater, soils, air, fish and fish
habitat, wildlife) in 2010 to characterize site conditions. The purpose of the baseline studies
is two-fold: the data gathered is used to support the assessment of the potential effects of
the Project and to develop effective mitigation measures to reduce or remove these effects,
and; to provide data on the pre-mine condition that will form the basis for future monitoring
programs that will be required as part of authorizations issued to the proponent.

1.2 An Introduction to the Baseline Studies

This technical data report, complete with supporting appendices, presents the data and
outputs from the Coffee Creek baseline meteorology and surface hydrology monitoring
studies. As of February 2016, Goldcorp possesses 3+ years of climate data and more than
five years of hydrometric data from the Project area.

The baseline surface hydrology monitoring study was initiated at Coffee Creek in autumn
2010, with the baseline meteorology study commencing later, in July 2012. These two
monitoring programs remain fully operational, with data collection scheduled to continue
through the assessment and licensing phases of the Project timeline. After Project licensing,
monitoring will continue under an approved monitoring plan.

1-1



INTRODUCTION
COFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT 1-2

From autumn 2010 to spring 2014, baseline data collection for the meteorology and
hydrology disciplines was led by Access Consulting Group, an environmental services firm
operating out of Whitehorse, YK. Access Consulting Group established a high-elevation
automated weather station, established snow courses at various elevations/aspects around
the study site and selected eleven surface monitoring stations for flow and water quality
measurement. Surface water quality baseline reporting for these stations may be found
under separate cover (Lorax, 2016a).

In spring of 2014, Lorax Environmental Services Ltd. (Vancouver) and Laberge
Environmental Service (Whitehorse) assumed responsibility for the baseline meteorology
and hydrology programs. At the time of transition, Lorax and Laberge enhanced the
existing baseline hydrology study by adding five new hydrometric stations to the
monitoring network and by upgrading several of the flow monitoring stations with
instrumentation to estimate stream discharge on a continuous basis. The monitoring
stations added to the study gauge streamflows on headwater tributaries (i.e., small
drainages, high elevation) and were sited at locations downstream of proposed open pits,
dumps and heap leach facilities.

Each year, twelve monthly site visits focused on the core activities of the two baseline
monitoring studies. Typical activities for these site visits include: climate station
downloading and sensor maintenance; winter snow course sampling; hydrometric station
downloading and maintenance; station benchmarking and levelling surveys; the collection
of stage and discharge measurements to validate and enhance rating curves; and the
collection of surface water quality samples.

1.3  Study Objectives
Overall, the objectives of the baseline meteorology and surface hydrology studies are:

» To collect high-quality climate/streamflow data from a representative suite of
Project area watersheds/locations;

» To describe runoff generation processes in the context of local climate conditions
(e.g., snow accumulation, timing of snowmelt, basin response to summer rainfall)
and physiography (e.g., basin size, basin storage, the influence of permafrost, land
cover, elevation and aspect);

» To calculate relevant metrics for local watersheds, including annual/monthly runoff
depths, low flows, peak flows, unit yields by drainage basin, annual/monthly
precipitation depths, monthly air temperatures and typical rates of evaporation;

» To combine site-specific climate/hydrometric data with regional data sources (i.e.,
Alaska/Yukon climate and flow monitoring data) to better estimate inter-annual
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streamflow variability, recurrence intervals for low and peak flows, and to quantify
extreme precipitation depths (e.g., 1:100 year 24-hour rainfall event).

» To generate the climate/hydrology datasets that will inform economic/engineering
studies (e.g., heap leach facility design) and be used to construct and calibrate the
site-wide water balance and water quality model (Lorax 2016b) being developed
for Project permitting.

1.4  Project Infrastructure and the Baseline Studies

The baseline meteorology and hydrology studies were refined over time as details related
to the mining method and project layout became more concrete. The Coffee Gold Project
is amenable to development as an open pit mine with gold recovery recommended by heap
leach mining methods. Figure 1-2 is excerpted from the Coffee Gold Feasibility Study
(43-101 FS) and shows the general arrangement for the Coffee Project, including the open
pits, waste rock storage facility (WRSF), heap leach facilities and proposed plant site
location. Major infrastructure related to the proposed mining and processing operations at
the site includes: the primary and secondary crushing facilities; a carbon adsorption plant;
a gold refinery; the heap leach facilities; waste rock storage facilities (WRSF); water
drainage structures and storage ponds; haul roads; the accommodations complex; and an
all-weather airstrip.

The open pits associated with the Project are Latte, Double Double, Supremo and Kona
pits. Waste rock associated with the undertaking is proposed to be stored in the West
WRSF or backfilled to Double Double, Kona or select portions of the Supremo pit.
Proposed pits and WRSF are all situated at high elevation (i.e., median drainage basin
elevations range from 945 to 1,220 m asl), and on or adjacent to headwater tributaries of
the Halfway Creek, Latte Creek and YT-24 (an unnamed tributary of the Yukon River)
watersheds.

As described in the 43-101 FS, a network of water conveyance structures and sediment
control ponds (SCPs) are proposed to collect and convey mine-affected waters (e.g.,
meteoric water that contacts exposed pitwalls, ore stockpiles, waste rock, etc.) associated
with the Project. Contact water that reports from water management infrastructure to
Halfway Creek and YT-24 tributary will ultimately discharge to the Yukon River, whereas
contact water reporting to Latte Creek will ultimately flow to the Yukon River via the main
stem of Coffee Creek.
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1.5 Report Structure

The sections of the report that follow this introduction build upon an interim hydro-
meteorology data report prepared as part of the Coffee Gold Feasibility Study. The
remaining sections of this report are as follows:

e Sources of information, methods and outputs for the meteorology and hydrology
studies are presented in Section 2 of the report.

0 Section 2.1 of the report presents monitoring stations and data sources as they
relate to the meteorology discipline. Site and regional sources of meteorology
information are discussed in this section, so to are future climate change
scenario data relevant to the Project.

0 Section 2.2 introduces monitoring stations and data sources as they relate to the
hydrology discipline. Specifically, Section 2.2.1 outlines data sources and
methods as they apply to site hydrometric data, whereas Section 2.2.2 addresses
the topic of regional hydrology data.

o0 Section 2.3 outlines field methods relevant to the two disciplines and also
presents methods/assumptions necessary to process field data and then compute
outputs from these data.

= Notable are the sections that summarize the methods used to screen
regional monitoring station data; infill missing data; estimate extreme
precipitation depths and runoff volumes for a suite of return periods; and
generate synthetic climate (e.g., air temperature, precipitation) and
discharge datasets for the Project.

e Section 3 presents baseline study results for the meteorology study (Section 3.1)
and hydrology study (Section 3.2), and the report concludes (Section 4) with a
summary and discussion of results.

e Over the past two years, a number of climate/flow data products and technical
memos were prepared by Lorax, several of which are appended in full to this
covering report (see Appendix A through Appendix E).

0 Detailed summaries of the hydrometric data collected from the Project site
basins from 2011 to 2015 can be found in Appendix Al. Appendix A2 presents
a summary of the hydro-meteorological baseline data collected in 2016.

0 Memos summarizing the estimation of extreme precipitation and probable
maximum precipitaiton are presented as Appendix B and Appendix C
respectively.
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0 An overview report presented in Appendix D was prepared by the Pacific
Climate Impacts Consortium (University of Victoria) and provides a synthesis
of climate change scenario data for the Coffee Creek area.

o Appendix E is a repository for regional hydrometric data summaries.

No substantive changes have been made to the Coffee Creek meteorology and hydrology
data since the issuance of the 43-101 FS report, with the exception of site discharge data
and a synthetic discharge record for hydrometric station CC-3.5. These data were recently
updated for the 2015 open water season only. The update addressed an incorrectly adjusted
water level record that was returning lower than expected estimates of discharge.
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2. Sources of Data, Methods, Outputs

Section 2.1 and Section 2.2 below identify monitoring stations and ancillary data sources
as they relate to the meteorology and hydrology disciplines. Section 2.3 outlines field
methods relevant to the two disciplines, and also outlines any methods used to process site-
and regional data and compute outputs from these various sources of information.

2.1 Baseline Meteorological Study

2.1.1 Site Meteorological Data

Figure 2-1 shows the location of the Coffee Creek automated weather station and snow
course stations. The weather station was installed at elevation 975 m asl and remains
operational today. The weather station was installed and maintained by Access Consulting
Group from July 2012 through May 2014. Lorax and Laberge Environmental Services
maintained the weather station from June 2014 to the present.

Measured parameters at the Coffee Creek weather station include the following:
e Air temperature and relative humidity (Rotronic HC2S3);
e Wind speed and direction (10 m; RM Young Alpine anemometer);
e Incoming solar radiation (Kipp and Zonen SP Lite2 pyranometer);
e Barometric pressure (RM Young 61302V);

e Precipitation (Texas Electronics tipping bucket rain gauge with Alter wind screen
and snowfall conversion adapter);

For the period of baseline data collection, weather station sensors were sampled at
10-second frequency with observations recorded to a central datalogger at hourly time step.

Each year of the baseline meteorology study, snow course measurements were carried out
at the property following Territory protocols (i.e., 10 sampling locations along a transect
were each sampled for depth and snow water equivalent [SWE] then averaged). As shown
in Figure 2-1, site snow courses were established at various elevations (i.e., low, mid and
high elevation) and oriented to discern effects of aspect on local snow accumulation. Snow
courses were surveyed at, or near, peak seasonal accumulation between 2012 and the
present. Similar to nearby monitoring stations in Alaska and Yukon, peak SWE
accumulation is typically realized by the end of March of each year.

Finally, two tipping bucket rain gauges were installed at camp (430 m) and ridge-top
(1300 m) in 2015 to further refine the precipitation elevation gradient for the Project site.

Photos of the weather station and snow course sampling are presented in Figure 2-2.

2-1
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Coffee Creek weather station (upper panel) in winter. The lower panel

Figure 2-2:
shows snow course sampling in spring 2015 (April).
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2.1.2 Regional Meteorology Data

Additional climate data is available from a suite of monitoring networks operated by both
Federal and State/Territorial governments in the Yukon and Alaska (refer to Table 2-1 and
Figure 2-3). Regional gridded climate re-analysis products are also available for both
historical climate and future scenarios.

All considered, data sources relevant to the baseline meteorology study include:

e Stations operated by Environment Canada in the Yukon and the National Oceanic and
Atmosphere Administration (NOAA) in Alaska;

e Snow data from stations operated by the Yukon Snow Survey Network and the
SNOTEL network operated by the Natural Resources Conservation Service (NRCS) in
Alaska;

e Outputs from the ClimateWNA program (v4.85; see Wang et al., 2012).

As part of the 43-101 FS and to support the YESAB submission, site- and regional climate
data were combined to produce a number of information products used by technical leads.
Two technical memos that drew heavily on regional climate data sources concerned
extreme precipitation and probable maximum precipitation for the Project Area. Copies of
these memos are appended to this report (see Appendix B and Appendix C) with methods
discussed briefly in Section 2.3 below.

2.1.3 Climate Change

As part of the Coffee Gold Feasibility Study, Kaminak had requested that Lorax
Environmental Services Ltd. facilitate a climate change analysis for the Coffee Gold
Project. The analysis, appended to this report (Appendix D), was prepared by Dr. Thomas
Pedersen, current Director, Pacific Institute for Climate Solutions, University of Victoria;
Dr. Pedersen also serves as Chair, Canadian Climate Forum.
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Table 2-1:
Site and Regional Climate Stations
Dist. Mean Mean
From Record Province Annual = Annual Rain/
Station Name ID Elev. | Project Period /State Lat. Long. Temp.  Precip.  Snow
(masl)  (km) ) ©) 0 (mm) %
COFFEE GOLD MET 975 0 2012-2015 YT 62.8745 = -139.1819 -2.5 370 68 /32
CASINO CREEK 2100310 1100 30 1969-1995 YT 62.7167 = -138.8167 -4.4 399.0 65/35
STEWART RIVER 2101033 358 50 1976-1993 YT 63.3170 = -139.4330 -2.3 321.0 62 /38
PELLY RANCH! 2100880 454 81 1952-2015 YT 62.8167 = -137.3667 -3.8 320.4 64 /36
PORT ALCAN 507513 585 91 1985-2015 AK 62.6167 = -141.0000 -4.8 289.6 68 /32
BEAVER CREEK 2100160 649 96 1968-2015 YT 62.4103 = -140.8675 -4.9 417.3 -3
ALCAN HWY 500726 549 111 1990-2015 AK 62.8167 = -141.4667 -2.0 285.8 -3
MCQUESTEN 2100719 458 118 1987-2015 YT 63.5942 = -137.5225 -3.2 340.1 62 /38
DAWSON?! 2100402 370 130 1901-2015 YT 64.0431 = -139.1278 -5.2 361.7 59 /41
SNAG 2101000 587 131 1943-1966 YT 62.0333 = -137.5167 -5.8 362.0 65/35
NORTHWAY 506586 522 132 1940-2015 AK 62.9617 = -141.9380 -4.8 255.5 63/37
JATAHMUND 500936 701 146 1990-2015 AK 62.6000 = -142.0833 -1.5 331.2 -3
STEWART CROSSING | 2101030 480 150 1963-2008 YT 63.3830 = -136.6830 -4.2 299.0 65/35
LITTLE GOLD CREEK | 2100690 = 1257 155  1974-1999 YT | 640830 -1410000 - -
BOUNDARY 500910 793 161 1949-1957 AK 64.0667 = -141.1167 -5.3 340.6 -3
CHISANA 500933 1011 165 1988-2015 AK 62.1333 = -142.0833 -4.6 236.2 -3
BURWASH?! 2100182 807 173 1967-2015 YT 61.3667 = -139.0500 -3.8 338.7 62 /38
CARMACKS! 2100300 525 180 1963-2007 YT 62.1000 = -136.3000 -2.8 296.0 68 /34
MAYO! 2100700 504 180 1925-2015 YT 63.6167 = -135.8667 -3.2 344.7 63/37
KLONDIKE 2100679 973 185 1966-2010 YT 64.4530 = -138.2160 -6.2 354.0 50 /50
CHICKEN 500747 548 190 1998-2015 AK 64.1000 -141.9167 -3.2 3414 69/31
TOK 70 SE? 509313 495 193 2005-2015 AK 63.3337 = -143.0370 -4.0 267.2 63 /37
EAGLE 502607 256 225 1902-2015 AK 64.1000 = -141.9170 -4.0 316.5 68 /32
IStation data from the Adjusted and Homogenized Canadian Climate Data set (AHCCD)
2Included in the US Climate Reference Network
SInsufficient data
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2.2 Baseline Hydrology Study

Table 2-2 summarizes station nomenclature and drainage characteristics for Coffee Creek
surface water monitoring stations. Furthermore, Figure 2-4 shows the location of these
monitoring station with respect to proposed Project infrastructure and mine footprints.

In autumn 2010, eleven locations were elected as surface water monitoring stations by
Access Consulting Group. At eight locations, spot flow measurements were recorded
monthly between autumn 2010 and autumn 2013. At three stations (HC-5.0, CC-3.5 and
IC-4.5) and in autumn 2010, Access Consulting Group established stilling wells, metric
staff gauges and instrumented stations with continuously recording water level recorders.
The purpose of the instrumentation as described in Section 2.2.1 was to resolve high-
resolution discharge records for these three stations from a rating curve and a continuous
record of water level.

In spring of 2014, Lorax Environmental assumed responsibility for the Coffee Creek
surface water monitoring network. At that time, eight additional monitoring stations were
added to the network and many of the stations in the network were upgraded from spot
flow stations to continuously recording hydrometric stations. In general, new stations were
located in close proximity to the resource and downstream of proposed mine footprint
areas.

Gauged watersheds at the Coffee Creek site range in size from ~3 to 500 km?, noting that
eight of the watersheds being monitored have drainage areas of less than 25 km?. HC-2.5
is one example from the network and a watershed photograph is shown in Figure 2-6. In
addition to capturing a range of drainage areas, the watersheds gauged for the baseline
hydrology study differ in elevation characteristics (i.e., mean catchment elevations range
800 to 1,300 m asl) and represent varying aspects as well.
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Table 2-2:

2-8

Coffee Creek Surface Water Monitoring Stations — Station IDs and Drainage Basin

Station ID = Drainage Area (km?)

CC-0.5°
CC-1.0w
CC-1.5%
CC-3.5°
CC-4.52
CC-5.0
CC-5.55
CC-6.0'
CC-7.0'
cc-8.0'
CCc-8.5!
HC-2.5°
HC-5.0°
IC-0.5%
IC-1.5%
IC-2.5%
IC-3.0%
IC-4.5%
YT-24'

Notes:

385.6
3.4
23.1
69.8
484.0
6.2
3.4
9.6
124.7
18.2
214.8
14.8
27.0
68.9
81.1
17.3
18.3
222.3
11.8

Characteristics

Mean Elevation
(masl)

1,023
1,017
1,120
969
993
1,221
1,236
1,225
1,010
1,300
1,058
1,043
885
1,048
1,077
1,003
905
989
838

@ Monitoring station established by Access Consulting Group in autumn 2010.
''Monitoring station established by Lorax Environmental in spring 2014.

" Discharge measured by V-notch weir

Min Elevation
(m)
446
732
712
447
427

1,042
1,056
1,042
514
1,008
512
664
428
522
522
493
465
427
428

Max Elevation
(m)
1,707
1,302
1,379
1,379
1,708
1,394
1,394
1,394
1,656
1,666
1,707
1,343
1,344
1,529
1,708
1,344
1,299
1,708
1,293

" Monitoring stations located along proposed southern road route. Stations monitored between August 2014 and August 2015 only.
* Spot flow monitoring station only.
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2.2.1 Site Hydrometric Data Collection Methods

The hydrology methods adopted for the study were aligned with standards and procedures
outlined in the Manual of British Columbia Hydrometric Standards - Version 1.0 (RISC,
2009). This document defines standards and detailed procedures for the acquisition of
water quantity data and provides specific direction on the following topics: monitoring site
selection; station construction and benchmarking; recording discharge measurements;
developing stage-discharge relationships; and reporting and presenting hydrometric data.

Hydrometric stations were instrumented with metric staff gauges which were surveyed to
three nearby benchmarks. Continuously recording water level recorders (i.e., Solinst
Levelogger Edge, Solinst LTC) were housed inside protective stilling wells and deployed
at each station to record continuously (i.e., 15-minute frequency). Independent measures
of stage were recorded manually at station staff gauges during monthly site visits. These
data provided a detailed record of any stage height fluctuations at each monitoring location
over time (see Figure 2-5).

To acquire continuous discharge data, periodic streamflow measurements were recorded
using a current meter or salt dilution gauging (Moore 2004, 2005), and these streamflow
measurements were used to develop a stage-discharge relationship specific to each
hydrometric station. Finally, a continuous discharge record was computed for each
hydrometric station using the stage-discharge relation and the continuous water level
record.

Measurements of discharge were mainly recorded in one of two ways: 1) using a current
meter, wading rod and tape measure; or 2) by salt dilution gauging methods. To compute
an estimate of discharge using a current meter (i.e., a velocity-area approach), a staff gauge
reading was first recorded. Next, a tape measure was extended across the watercourse.
Measurement cross-sections were typically narrow (e.g., 0.5 to 5 m wide) and for 10-20
locations across the stream, depth measurements and velocity measurements (at 0.6*depth)
were recorded. For each increment (or panel) across the stream, depth, width and velocity
measurements were multiplied together to generate a discharge. Finally, discharges for the
individual panels were summed to give a total discharge for each stream cross-section.

Many of the discharge measurements collected at Coffee Creek were obtained by means
of salt dilution gauging. The principles of this tracer measurement method are outlined in
Moore (2004, 2005). Briefly, the injection of a tracer (e.g., NaCl) and principles governing
conservation of mass are used to back-calculate a robust estimate of streamflow from a
breakthrough curve. In this approach, background electrical conductivity (EC) is measured
to establish baseline EC conditions. Next, a carefully measured mass of salt (e.g., 200 g of
table salt) is dissolved into a bucket of stream water and this slug of saline water is injected
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SOURCES OF DATA, METHODS, OUTPUTS
CoOFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT 2-11

instantaneously to the stream upstream of the location of the EC probe. EC measurements
are used to record the passing of the salt slug (i.e., EC increases from baseline conditions
to a peak value and then recesses slowly to the pre-slug baseline condition), recording time
and EC values until baseline conditions are re-established. The mass of salt injected and
the area under the breakthrough curve (i.e., the area under the curve of the EC versus time
plot) are used to calculate discharge.

2.2.1.1 Slope-Area Measurements

Assembly of a robust rating curve requires repeated manual measurements of both stage
and discharge to be made. Ideally, these measurements would span the full range of flows
possible within a given channel. Accurate characterization of the magnitude, duration and
frequency of low flows is critical for assessments of potential Project impacts on water
quality and to identify potential limitations on water supply for milling and dust control.
Similarly, a robust characterization of peak flows is required for infrastructure design, and
an understanding of the total volume of runoff generated by a basin, for example. However,
it is relatively easier to plan a field measurement campaign that targets low-flow conditions
(due to their predictable seasonality), than it is to time a measurement of a high-magnitude
discharge event. This becomes more challenging as the basin response time decreases, and
in the small, flashy basins that comprise the Project area, peak flow events usually last for
only 1 to 2 days. The spring freshet lasts relatively longer, but here, manual measurements
are confounded by extensive channel icing that compromises safety and measurement
accuracy. As a result, alternative methods are required to fill in the upper (high flow) end
of the rating curve. The most common and simplest way to accomplish this is the slope-
area method, described in Dalrymple and Benson (1968).

The slope-area method is based on the principles of open channel hydraulics. Specifically,
a uniform flow equation and the relationship between channel characteristics (slope and
cross-sectional area), water surface profiles, and a roughness co-efficient. The most
commonly used equation for this purpose is the Manning Equation, shown below.
Q = AR5/ [Equation 1]

Where: Q = discharge (m3/s)

A = cross sectional area (m?)

R = hydraulic radius (A/WP; m)

S = friction slope

n = roughness coefficient

WP = wetted perimeter (m)
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The section conveyances for all cross-sections were calculated using:
K, = %ARZ/3 [Equation 2]

Where Kj is the conveyance for the upstream (Ku) and downstream (Kq) cross-sections. The
average reach conveyance is then calculated as the geometric mean of the section
conveyances.

K = (Kyx K;)'? [Equation 3]

An iterative procedure is then used to calculate discharge using Equation 4. The full
procedure is outlined in Dingman (2014; F.7).

Q = KS/? [Equation 4]

Field surveys were conducted in August 2015 to gather the necessary input data for use in
the slope-area method. These surveys were conducted at stations CC-1.5, CC-3.5, HC-2.5,
IC-2.5 and YT-24. Standard surveying methods were used to measure three channel cross-
sections along a reach whose length exceeded 75 times the bankfull depth. The three cross-
sections were surveyed at the hydrometric station, and at locations upstream and
downstream of the station. In addition, stream bed and water surface elevations (relative to
the established benchmarks) were shot, and in accordance with best practices, a minimum
surface water level difference of 0.15 m was present along each channel transect (Dingman,
2014). All surveys were tied into the existing benchmarks and the staff gauge to allow the
slope-area measurements to be placed directly onto the existing rating curve.

From these survey data, channel cross-sectional areas, the friction slope, and the wetted
perimeter were calculated. The maximum water level height (required to calculate the
cross-sectional area), was taken preferentially from high-water marks and/or strand lines.
Where these indicators were not present, the high-water mark was assumed equal to the
bank height. The flow resistance, or roughness coefficient, was estimated from the channel
bedload characteristics, and channel form (step, glide, cascade, etc.). The slope-area
method is very sensitive to the Manning’s n value — underestimates of n will result in
overestimation of discharge, and vice-versa. Yochum and Bledson (2010) was used as a
visual reference aid to augment the standard tables of Manning’s n values provided in
Dingman (2014). The prevalent channel forms at the Project site are usually steeper in
gradient with more poorly sorted bedload, and therefore tend to have higher Manning’s n
values as compared to those commonly listed in reference tables (e.g., Comiti et al., 2007
and Reid and Hickin, 2008). The final results of this procedure are provided in Table 2-3
The Manning’s n values range from 0.03 to 0.25.
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Table 2-3:
Comparison of existing maximum stage:discharge measurements and slope-area
estimates for the surveyed stations.

2-13

Maximum Maximum Manual Slope-Area Slope-Area
Manual Stage Discharge Stage Height Discharge
Station Reading (m) Measurement (m%/s) | Manning's n (m) Estimate (m?%/s)
CC-15 0.650 1.584 0.105 0.895 8.039
CC-3.5 0.450 0.884 0.080 0.866 7.850
HC-2.5 0.682 0.693 0.120 0.830 1.560
IC-2.5 0.800 0.712 0.250 0.825 2.390
YT-24 0.431 0.087 0.100 0.640 1.967

As a final confirmatory step, the rating equations derived using the slope-area estimates
were compared to the existing rating equations to ensure that the shape of the curve
remained similar, and that the low-flow portion of the curve remained accurate. If
necessary, slight adjustments were made to the Manning’s n value to adjust the curve. A
manual measurement that captured a high flow condition at IC-2.5 superseded the slope-
area estimate.

2.2.1.2 Acoustic Doppler Current Profiler Measurements

On some occasions (e.g., high flow event following snow melt) and at select locations (i.e.,
Independence Creek, Coffee Creek and Yukon River near Halfway Creek), baseline study
discharge measurements were recorded using an ADCP (Acoustic Doppler Current
Profiler). An ADCP measures water velocity by sound using a principle called the Doppler
effect, and works by transmitting sound (or pings) at constant frequency into a flowing
watercourse and then recording time and signal frequency that returns to the sensor. In
principle, particles in flowing water will alter the transmitted sound from an ADCP, and
the measured shift (i.e., the difference in frequency between the sound waves sent and
received by an ADCP) is used to calculate the velocity of particles and the water
surrounding them.

An ADCP can be mounted to a boom on a boat for an application on a large watercourse
like the Yukon River, or be mounted to an unmanned boat or floating board that is
maneuvered from bank to bank by ropes or cableway. When used in these ways, ADCPs
are capable of resolving channel depth, velocity and discharge data in considerable detail.
The Teledyne StreamPro ADCP and Sontek M9 ADCP were used in this study, and Figure
2-7 shows cross-sectional data for a flow measurement recorded August 30, 2015 for the
Yukon River downstream of Halfway Creek. This discharge measurement of 2,234 m®/s
was recorded by Environmental Dynamics Inc. (EDI) while retained by Kaminak to
conduct bathymetric surveys at proposed barge crossings on the Stewart River and Yukon
River.
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2.2.2

Drainage Basin Characteristics

To place the streamflow dataset into the broader context of the Project site and to assist
with the attribution of various physiological drivers of the streamflow regime in each basin,
several spatial analyses were carried out. Specifically, the area and elevation characteristics
(i.e., drainage area, aspect, area-elevation relationships) of local drainages were described.

Drainage areas for surface water monitoring stations were delineated using Surfer
12. The 1:50,000 Grid NRCAN Canadian Digital Elevation Model was used as the
source of topographic data utilized for drainage basin delineations.

Aspect, which is the measure of the direction that a slope faces, was computed with
Global Mapper 12 using the NRCAN Canadian DEM as the elevation grid input.
Aspect was calculated for each cell in the raster dataset, with output reported for
each watershed counter-clockwise in degrees from 0 (due north) to 360. Cells with
no slope were assigned a value of -1.

A hypsometric curve for a drainage basin summarizes the relative proportion of
drainage area below (or above) a given elevation. Topographic relief within a
drainage basin is commonly summarized in this format, with plots allowing easy
comparison of topographic data between adjacent basins. For the Coffee Creek
watersheds, hypsometric curves were generated using Scripter BASIC
programming language and Surfer 12. For each basin, areas were calculated per
10 m interval from the minimum to the maximum elevation. These areas were
standardized as the percentage of the basin area below that elevation (out of 100%)
for plotting purposes.

2.2.3 Data Processing

To assemble discharge records, the following data processing steps were followed:

Stage measurements from staff gauges and corresponding discharge measurements
were assembled into site-specific rating curves (Appendix A).

Compensated water level records were plotted alongside independent
measurements of stage recorded at each monitoring station. Because the staff
gauges were carefully benchmarked, these independent readings were assumed
fixed and true, and water level records were adjusted as required to best fit the staff
gauge record time series.

Once adjusted to an elevation reference consistent with staff gauge measurements,
site-specific rating curves were used to compute continuous discharge estimates
from the continuous water level readings. Plots and tabular summaries of all
hydrometric information collected at Coffee Creek are presented by Station ID in
Appendix A.
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Figure 2-5:  Photo showing hydrometric station instrumentation, including metric
staff gauge, perforated and screened stilling well and water level
recorder.

L6 loRas

Figure 2-6:  Photo looking south and showing the extent of the Halfway Creek
watershed.
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Figure 2-7:  Sontek M9 cross section of the Yukon River downstream of Halfway Creek (August 30, 2015).
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2.2.4 Regional Hydrometric Data

2-17

As per the meteorology discipline, regional hydrometric data were assembled as part of the
Coffee Gold Feasibility Study. The regional stations selected and their basin characteristics
are summarized in Table 2-4 below and are also shown in Figure 2-8.

Table 2-4:
Regional Hydrometric Stations near Coffee Creek

Station ID

09EB003

09DD003

09CD001

09AH003

09CA003

09DD004

09CA006

09AHO004

09EAQ04

09BCO001

09EB004

09DD002

29CD001

29DD003

29DD002

29EC001

Station Name

Indian River above
the Mouth

Stewart River at the
mouth

Yukon River above
White River

Big Creek near the
Mouth

Donjek River
below Kluane River

McQuesten River
near the Mouth

Nisling River
below Onion Creek

Nordenskiold River
below Rowlinson
Creek
North Klondike
River near the
Mouth

Pelly River at Pelly
Crossing

Sixty Mile River
near the Mouth

Stewart River at
Stewart Crossing

Thistle Creek above
Yukon River

Scroggie Creek
above Stewart
River

Clear Creek above
Barlow Creek

Clinton Creek
above Fortymile
River

Drainage
Area (km?)

2,210

51,000

149,000

1,800

12,400

4,750

7,910

6,410

1,090

48,900

3,060

35,000

210

730

340

206

Period of
Record

1981 to present

1951 to present

1956 to present

1974 to present

1979 to 1994

1979 to present

1995 to present

1982 to present

1974 to present

1951 to present

1996 to 2013

1960 to 1973

1981 to 1996

1981 to 1997

1980 to 2011

1978 to 1991

Data
Frequency

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Daily

Agency

WSC

WSC

WSC

WSC

WSC

WSC

WSC

WSC

WSC

WSC

WSC

WSC

YHN

YHN

YHN

YHN

Comments, Notes

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

This station is situated ~35 km downstream
of the proposed barge location across the
Stewart River, and was used in the regional
peak and low flow analyses

This station is situated ~45 km downstream
of the proposed barge location across the
Yukon River, and was used in the regional
peak and low flow analyses

Used for the regional peak and low flow
analyses

Used for the regional peak and low flow
analyses

Used for the regional peak and low flow
analyses

Used for the regional peak and low flow
analyses

Used for the regional peak and low flow
analyses

Used for the regional peak and low flow
analyses

Used for the regional peak and low flow
analyses

Used for the regional peak and low flow
analyses

Used for the regional peak and low flow
analyses

Used for the regional peak flow analyses

Used for the regional peak flow analyses

Used for the regional peak flow analyses

Used for the regional peak flow analyses
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2.3 Outputs

2.3.1 Site Precipitation and Snow Water Equivalent Measurements

Temperature and precipitation (solid and liquid phase) data were summarized for the site
and regional stations. Monthly average daily minimum, average and maximum
temperatures were computed, as well as extreme minimum and maximum temperatures for
the period of record, for each station. Monthly total precipitation amounts were
summarized for each climate station, and annual maximum snow water equivalent values
were computed for all project site locations and regional snow courses.

Monthly temperature and precipitation data for the Environment Canada stations were
downloaded from the Adjusted and Homogenized Canadian Climate Data (AHCCD)
archive (http://ec.gc.ca/dccha-ahccd/Default.asp?lang=En&n=B1F8423A-1). These data
have been post-processed to adjust discrepancies in the normal station records due to
relocations, changes in measurement methods and gauge under-catch of solid phase
precipitation. In many cases, records from several stations have been joined to create longer
time-series than are available for the individual stations. Due to the location of the project
site, the limited availability of long-term regional climatic records, and the potential
influences of a changing climate on project operations, these data were deemed to be the
most appropriate for this assessment.

For extremes, values for temperature and precipitation were gleaned from the climatic
normals for each station, and the same was done for the Alaskan climate stations. Similar
metrics as above were calculated from the Coffee Creek climate station data, and they were
plotted against the regional data to put the much shorter site record in a long-term context.

It is notable that winter precipitation data (as measured by standpipe or tipping bucket type
gauges) is subject to several types of measurement error:

e Gauge undercatch resulting from turbulence effects around the gauge orifice (e.g.,
Yang et al., 2005);

e (Gauge capping due to snow falling at or near the triple point temperature that
bridges the orifice and effectively seals the gauge;

e The high spatial variability of snowfall (and subsequent redistribution) in
mountainous areas (Pomeroy et al., 1999).

Sublimation losses also form an important component of the water balance in sub-arctic
environments, and particularly losses from forest canopy interception and wind suspension
and re-distribution (e.g., Hedstrom and Pomeroy, 1998). However, sublimation is very
difficult to measure directly, and is subject to large uncertainties.
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The use of the maximum winter SWE value (i.e., a value measured by the April 1% snow
survey) effectively integrates sublimation losses up to the time of measurement, and thus
these measurements are considered representative of the total potential water available for
melt (and therefore freshet generation) in the snowpack.

In total, eighteen snow survey sites have been sampled with varying frequency at Coffee
Creek from 2012 — present (Table 2-5). These data are representative of all major cardinal
point aspects and cover a wide range in elevation from valley bottom (399 m;
3 sites) to ridge top (1278 m; 16 sites).

Table 2-5:
Coffee Gold Snow Survey Sites

Station Record Period Months Elevation = Aspect? °) °)
Sampled (masl)

IC-4.5-SS Flat 2012-2015 Feb, Mar, Apr 399 VB 62.969263  -139.4342069
IC-1.5/0.5-SS 2012-2015 Feb, Mar, Apr 524 VB 62.914774 -139.5786791
CC-1.5-SS 2012-2015 Feb, Mar 733 N 62.864994  -139.3281748
CC-north-1 2012-2015 Feb, Mar, Apr 1227 N 62.891186 = -139.309705
CC-north-2 2012-2013 Mar, Apr 1220 S 62.891383 @ -139.3096936
CC-east-1 2012-2015 Feb, Mar, Apr 1220 E 62.871695 @ -139.3941096
CC-east-2 2012-2013 Feb, Mar, Apr 1197 E 62.871379 @ -139.3916299
CC-east-3 2012-2013 Feb, Mar, Apr 1193 N 62.87138  -139.3909221
CC-south-1 2012-2015 Feb, Mar, Apr 1260 S 62.88724 | -139.3107976
CC-south-2 2012-2013 Feb, Mar, Apr 1246 S 62.886333  -139.3107515
CC-west-1 2012-2015 Feb, Mar, Apr 1278 W 62.890002 = -139.3561429
CC-west-2 2012-2013 Mar, Apr 1257 W 62.890285 -139.3580354
CC-west-3 2012-2013 Apr 1232 W 62.89059  -139.3603595
KAM-SS-T1 2014 Jan, Feb, Mar, Apr 528 VB 62.914818 -139.578409
KAM-SS-EAST 2014 Apr 987 ENE 62.884825 = -139.58468

KAM-SS-NORTH 2014 Apr 994 N 62.882845 = -139.385828
KAM-SS-WX 2014-2015 Mar, Apr, May 996 SSE 62.873101 = -139.180054
KAM-SS-WEST 2014 Apr 1020 w 62.888606 = -139.374293
KAM-SS-HIGH 2014 Apr 1184 N 62.87414 -139.38898

VB = valley bottom, N = north, E = east, S = south, W = west.
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The Yukon territorial government maintains an extensive snow survey network for flood
and water supply forecasting purposes (http://www.env.gov.yKk.ca/air-water-
waste/snow_survey.php). The nearest representative high-elevation station from this
network is located at Casino Creek (09CD-SCO01; 1,065 m — see Table 2-6 and has a record
period spanning 1977-2015. This site is surveyed during a one-week window centred on
the first of the month in March, April and May, and occasionally on May 15", depending
on snowpack magnitude and flood risk. The nearest station that can be considered
representative of valley bottom snowpack accumulations is located at Pelly Farm
(09CD-SC03; 472 m).

At the Casino Creek snow survey site, average maximum SWE is 142 mm over the period
of record, with approximately half of the annual maximum snowpack occurrences recorded
in early April, and the other half in early May. In almost all years with available data, the
annual snowpack melts out completely by May 15.

Table 2-6:
Regional Snow Survey Sites

Dist. From Record Province/ Mean
Station Name ID Elevation Project Period State Latitude = Longitude Annual
(masl) (km) °) °) SWE (mm)
CASINO CREEK = 09CD-SC01 1,065 32 1977-2015 YT 62.7333 -138.8 142
PELLY FARM 09CD-SC03 472 81 1986-2015 YT 62.8167 = -137.3667 82

The regional and site precipitation data were grouped into summer (May to September)
and winter (October to April) seasons, and compared to the respective station elevation to
determine whether precipitation varies with elevation (i.e., precipitation increases as
elevation increases). This was done for the regional climate stations and snow surveys, and
for the site climate station (and tipping bucket rain gauges) and snow surveys.

2.3.2 Synthetic Temperature and Precipitation Record

While the data collected at site are of high-quality, a robust characterization of the long-
term variability in site climate requires the record to be extended. This extension involves
linking the shorter, site-specific record to a regional station that is representative of climate
conditions measured at site. Critical parameters that must vary in concert are:

e Air temperature (daily maximums, means and minimums). In particular, the winter
inversions that result in higher ridgetop temperatures than valley bottom must be
accurately reproduced.

e Daily precipitation totals, and the annual distribution of precipitation between snow
and rain, duration and magnitude of multi-day events and trace (<1 mm) events
must be well represented.
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e Evaporation, on an annual and daily scale (i.e., lower on days with precipitation,
higher on warm days with additional wind and radiation inputs).

The synthetic climate record described in this report forms the foundational input to both
the heap leach and site-wide water balance models.

2.3.2.1 Screening of Regional Stations

The first screening step involved correlating the monthly average temperatures and
precipitation from the regional stations with the site record. The top six stations with the
closest match to the site data were carried forward for a more detailed analysis.

The second step involved correlating both monthly and daily variables to determine which
regional stations best represented the intra-annual and sub-monthly variability in project
site climate. In addition to the correlation coefficients, the completeness of the regional
record was taken into consideration as well. Preference was given to stations with the most
complete records in order to reduce the reliance on infilling missing data using other
regional stations. Finally, those stations deemed to be most representative of the project
area were given priority (i.e., similar elevation and longitude).

Considering all the above listed factors, the McQuesten climate station was selected as the
best regional proxy for site climate conditions.

2.3.2.2 Estimating Missing Data

The McQuesten daily climate record is 97% complete over the period from October 1986
to September 2014. Missing data (temperature and precipitation) were estimated using the
Pelly Ranch record, which had R? values of 0.97 to 0.99 for temperature, and 0.48 for daily
precipitation. Considering that convective events are the primary driver of precipitation on
a daily basis, and the high degree of spatial and temporal variability that this mechanism
exhibits (compared to more spatially coherent frontal events), this is considered to be a
very good correlation between site and regional data. On days where both records were
missing data (n = 49), the gaps in the temperature record were infilled with the average of
the preceding and following days. Convective precipitation events do not vary in a linear
fashion from day to day, and therefore these were left as null values.

2.3.2.3 Precipitation — Empirical Frequency Pairing methodology

The relatively lower correlations between daily precipitation at site and the McQuesten
station required a different approach. While the temperature record was estimated using a
chronological pairing methodology (i.e., temperatures from the same day were compared),
this approach compares values with the same frequency of occurrence. The Empirical
Frequency Pairing methodology outlined in Butt (2013) was applied to increase the
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predictive ability of the linear regression equation. This method is most commonly used to
create longer-term records of streamflow from limited site data and a representative
regional station. It does not seek to match the specific timing of events, as two basins, or
two climate stations recording convective precipitation, are often not in sync, due to lags
in snowmelt, precipitation timing, etc. Rather, the approach is intended to replicate the
frequency of an event of given magnitude.

The data preparation requires that first, the days where one or both time-series have missing
values are removed, and then each series is ranked. Days with zero precipitation at both
stations were removed from the time-series to ensure that the regression equation was
optimized for the days where precipitation occurred. Finally, the series were plotted, with
the predictor data on the x-axis and the site climate data on the y-axis (predictand). Once
the daily time-series of estimated precipitation and temperature were prepared, the
synthetic data was compared to the site climate and hydrometric data to ensure that the
annual totals and monthly distribution of both parameters showed an acceptable match with
the measured data.

2.3.3 Extreme Precipitation and Snowmelt

Design of water management infrastructure necessitates an understanding of the volume of
water that might be delivered by a storm of given frequency and duration (e.g., 1:100 year,
24-hour rain event). A detailed analysis was undertaken of the long-term precipitation
records available from the regional climate networks, and the resulting frequency-duration
storm magnitude estimates were scaled to the Project site using the precipitation elevation
gradient described in Section 3.1.2.3. The full analysis and results of this effort are
provided in Appendix B.

An estimate was also required of the probable maximum precipitation (PMP) for a 24-hour
period, to inform the required design capacity for the heap leach facility event ponds. The
probable maximum precipitation is defined as the greatest depth of precipitation for a given
duration meteorologically possible for a design watershed or a given storm area at a
particular location at a particular time of year, with no allowance made for long-term
climatic trends (WMO, 2009). The statistical procedure used follows the methodology
presented in Hershfield (1961), and as summarized by the WMO (2009), and is presented
in full in Appendix C.

2.3.4 Evaporation Estimates

Hourly potential evaporation rates were computed using Coffee Gold weather station data
and the Ref-ET calculator - a compiled, stand-alone computer program that calculates
reference evapotranspiration (ASCE, 2005). For the period of available record, an hourly
climate input file was prepared from the Coffee Gold weather station database. The input
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variables required by Ref-ET are: maximum air temperature, minimum air temperature,
relative humidity, incoming solar radiation, atmospheric pressure and wind speed.

From the assembled climate inputs, Ref-ET returned potential evaporation (PE)
computations at hourly and daily time-step based on an array of evaporation models (e.g.,
Penman-Monteith model, Priestley-Taylor formulation). Presented in Section 3, hourly-
and daily- potential evaporation (PE) estimates output from site climate inputs are
compared to PE values reported for other Yukon Territory mining projects.

2.3.5 Regional Streamflow Summary Statistics

To obtain the input data required for the regional streamflow analyses (peak and low flows,
annual runoff, trend analyses, etc.), the daily time-series (in m%/s) from the hydrometric
stations listed in Table 2-4 were run through a customized routine to extract the relevant
metrics. Extracted metrics included the following:

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

e Annual maximum and minimum daily discharge;

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

e Average monthly discharge (m®/s) and runoff (mm);

e Date of freshet initiation (pulse date; after Cayan et al., 2001);

e Date of freshet peak discharge, and,;

e Date of centre of hydrograph mass (calendar year; after Stewart et al., 2005).
Summaries of extracted metrics from regional datasets are provided in table format in
Appendix E.

2.3.6 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 200 km radius of the Project. 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 3, 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.,
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2012). The frequency analysis may also be based a priori on a probability distribution
conventionally applied in hydrology studies (e.g., Log Pearson Type IlI).

Annual time-series of instantaneous maximum discharge values from the regional stations
listed in Table 2-4 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 1.17. The
final datasets were then input to the EasyFit Professional (v5.5) software and a range of
distributions were fit. The Log Pearson (Type I1) 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.

2.3.7 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 3 (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 (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 10 to 400 km?).
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2.3.8 Long-term Synthetic Streamflow Records

The high-quality discharge records available for the Project site allowed synthetic
discharge time series to be constructed for 11 project hydrometric stations 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,
AOQO) and trends (e.qg., increasing winter low flows).

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 stations. 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 five years, then the number of paired observations was 150. 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.

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
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.

The hydrometric record from the Indian River above the Mouth WSC gauge (09EB003)
was used as the predictor basin for all synthetic hydrographs. This station was selected
based on the following criteria:

e The drainage basin is situated north of Coffee Creek, but south of Dawson City.

e Record period of sufficient length and completeness to capture the full-range of
inter-annual streamflow variability over the last 30 years;

e The record provides a good representation of all relevant components of the site
hydrographs (i.e., rapid freshet, multiple rainfall driven peaks during the summer
and early fall, and extended winter base flows of <1 L/s/km?).
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An example of the EFP relationship for the HC-5.0 hydrometric station is provided in
Figure 2-9. Plots of all monthly and low flow EFP relationships are provided in Appendix
Al for all Project hydrometric stations. Also included in Appendix Al are flow duration
curves for the overlapping period of record (site and synthetic time-series), and
comparisons of synthetic winter flows to manual streamflow measurements.
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Figure 2-9: Example of an empirical frequency pairing relationship for July at
hydrometric station HC-5.0.

2.3.8.1 Supplementary Recurrence Interval Analyses: Annual Runoff Recurrence
Intervals and June-September 7Qmin Flows

The synthetic streamflow time-series created using the EFP method were used to estimate
several metrics for the 11 site stations analysed. The full synthetic time-series for the
project stations are presented in time series format and as standardized anomalies in
Appendix A. Standardized anomalies relating to synthetic hydrometric data were
calculated as follows:

[Equation 5]
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where Kk is the standardized anomaly (dimensionless);
M is the annual runoff value in mm;
o is the standard deviation of the annual runoff series in mm,;
X is the mean annual runoff in mm for the period of record.

In a similar fashion as was done for the regional data, time-series of June-September
minimum 7-day average streamflow (i.e., 7Qs) were analysed using the EasyFit 5.5
statistical package. Annual runoff recurrence interval estimates were derived for the 1:2
(median), 1:10, 1:25, 1:50, 1:100 and 1:200 wet and dry years using the Generalized
Extreme Value (GEV) distribution. June-September 7-day minimum streamflow
recurrence interval estimates were derived using the Log-Pearson Type Il (LP3)
distribution for the 7Q2 (median), 7Q5, 7Q10 and 7Q20 events as recommended by MOE
(2012). Where the LP3 distribution did not provide a good fit to the data, the LogNormal
distribution was used instead (WMO, 2009). The synthetic data were not used for the peak
flow analyses, as the extrapolation procedure used for the upper end of the regional-site
relationship is likely to introduce bias into the results.

2.3.8.2 Baseflow Separation

Low flow regimes of streams at the Project site show elevated levels for several parameters
of concern (mainly arsenic and uranium; see Lorax, 2016a), and as such, it was important
to characterize the baseflow regime for each Project basin. Baseflow is typically
understood to constitute the portion of streamflow that is derived from groundwater
discharge, and is often considered to be equal to the minimum winter low flow, or the
minimum summer flow following an extended dry period (Smakhtin, 2001). The low
flows, or baseflow that are of interest to this baseline study, are those low flows that reoccur
seasonally.

A simplified conceptual model of the contributing sources to streamflow in local drainages
would include the following (Figure 2-10):

e Quickflow (or event flow) response to rain and/or snowmelt events that results in
rapid rising limbs and peaked streamflow responses;

e Recession limb following a peak flow event, composed of both shallow interflow
(soil storage and active layer melt) and the remaining surface runoff, and;

e Deep groundwater discharge.
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Figure 2-10: Conceptual hydrograph showing runoff partitioning.

Many methods have been developed to partition hydrographs and separate out a measure
of baseflow. These methods range from simple visual plotting techniques to more
advanced algorithms. The method employed in this baseline study uses the recursive
digital filtering technique described by Nathan and McMahon (1990). The filter is shown
in Equation 6, and uses three filter passes (i.e., forward-backward-forward).

(1+a)

fk = afx—1 + 5 Yk — Yk-1) [Equation 6]

where f, is the filtered quick response at the k™ sampling instant, yx is the original

streamflow and a is the filter parameter (0.925, as recommended by Nathan and McMahon,
1990).

This filter is built into the Streamflow Analysis and Assessment Software (SAAS v4.0)
package made available by the Ontario Ministry of Natural Resources and Forestry
(Metcalfe and Schmidt, 2014). The baseflow separation filter in SAAS was used to develop
time-series of baseflow for both the continuous discharge records from the site stations, as
well as the synthetic discharge records developed for the same stations. The baseflow
records generated by SAAS account for both interflow and groundwater derived baseflow
during the open water season, but equate to groundwater baseflow only during winter
months (where flow exists) and during extended summer dry periods.
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3. Results and Discussion

3.1 Meteorology

3.1.1 Air Temperatures

Air temperatures measured at the Project site are reported in Figure 3-1 and Table 2-1, and
are compared to regional stations in Figure 3-2. Overall, site temperatures are generally
consistent with regional stations, where mean annual air temperatures in the vicinity of
Coffee Creek range from -5.2 to -2.8°C. Further, the coldest month each year is typically
January with a regional mean temperature of -23°C, and the warmest month is July with a
regional mean of 13°C.

For the comparatively short period of record at Coffee Creek, average annual temperature
is -2.5°C, and monthly average air temperatures range from -19°C (December) to +13°C
(July) (Table 3-1). To date, the minimum temperature at Coffee Creek is -37.6°C
(measured January 28", 2013) and the maximum temperature is 27.2°C (June 25™, 2013).

3.1.1.1 Temperature Inversions

At the elevation of the Coffee Creek climate station, a notable departure from the regional
temperature signal occurs during winter months. Valley bottom temperature inversions
occur during winter months and ridgetop temperatures may be 10°C higher than
measurements recorded at valley bottom stations. These inversions result in a reversal of
the normal lapse rate (decreasing temperature with increasing elevation), and are
commonly caused by cold Arctic air masses pooling in the valley bottoms from late
October to early March.

Wahl (1987) reports that during a temperature inversion, lapse rates can range from
3-5°C/1000 m of elevation gain. This is generally consistent with the relationship between
the Project site and the Pelly Ranch (valley bottom) climate station for 2012-2015, where
the average winter lapse rate was estimated to be 7.5°C/1000 m. While higher than the
guidance provided by Wahl, it is notable that Project area lapse rates vary by winter month,
from a maximum of 14.3°C/1000 m in December to a minimum of 0°C/1000 m in March.

During summer months (April to October), the local lapse rate (-4.6°C/1000 m) is
consistent with the standard adiabatic lapse rate of -6.4°C/1000 m and the saturated
adiabatic lapse rate of -5.0°C/1000 m. This is likely due to increased frequency of
precipitation during the summer months, which receive the majority of the annual
precipitation, resulting in warmer and wetter air masses at the Project site.

3-1
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Figure 3-1:  Daily minimum, average and maximum temperature record from the
Coffee Creek climate station.

Figure 3-2:  Monthly average temperatures for Coffee Creek (2012-15) and
surrounding climate stations (period of record).
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Table 3-1:
Coffee Creek Climate Station - Air Temperature Measurements by Month
Minimum Average Average Maximum
Month Recorded Air Minimum Air Mean Air Maximum Air Recorded Air
Temperature! = Temperature! = Temperature? = Temperature! = Temperature?

(°C) (°C) (°C) (°C) (°C)

Jan -37.6 -17.2 -14.6 -11.6 6.8
Feb -34.6 -17.9 -15.2 -12.1 4.4
Mar -27.4 -12.9 -10.1 -6.7 5.0
Apr -18.6 -5.9 -2.7 0.9 10.6
May -8.7 4.4 8.3 12.6 26.2
Jun 2.2 8.2 12.3 16.8 27.2
Jul 5.0 101 13.3 171 25.9
Aug -1.8 7.8 11.2 15.2 26.0
Sep -5.3 2.0 4.8 8.3 18.9
Oct -19.4 -5.0 -3.2 -1.1 8.8
Nov -36.2 -17.6 -15.3 -12.8 1.0
Dec -35.8 -21.0 -18.4 -15.8 2.6
Annual -37.6 -21.0 -2.5 171 27.2

1From hourly data.
2From daily data.

3.1.2 Precipitation

3.1.2.1 Regional Setting

The study area is characterized by a cold, continental climate. Large frontal systems
generated by the Aleutian Low are blocked by the high topography along the coast, and
hence the project lies in the leeward rain-shadow (Figure 3-3 and Figure 3-4).

Cassano and Cassano (2010) analysed sea level pressure patterns for the Yukon River basin
and found that the winter circulation patterns are dominated by the strong Aleutian Low.
In contrast, summer patterns are characterized by low pressure systems over land and the
Beaufort/Chukchi Sea, and weak high pressure cells to the north, resulting in
easterly/north-easterly flows into the Basin. The authors found that largest daily
precipitation events (i.e., top 10" and 1% percentile daily totals, on an annual basis) were
attributable to cyclones and over-land convective events that occur with frequency in
summer months. Evapotranspiration rates are highest during the summer, and therefore
additional moisture is recycled and available to precipitate.
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During the winter, largest precipitation events result from southerly flows from a low
pressure centre located to the southwest of the Yukon Basin and north of the Aleutian
Islands. This brings moisture past the higher mountains on the southern edge of the basin
and appreciable accumulation of precipitation.

Figure 3-3:  Left: Daily sea level pressure anomaly patterns for the period 1957-
2002. Blue shading indicates negative anomalies (low pressure) and red
shading represents positive anomalies (high pressure). Right:
Corresponding frequency of days that map to each pattern seasonally.
Each bar represents the percentage of days that the pattern occursin a
season. Black and grey bars represent positive and negative statistical
significance, respectively. Source: Figures 2 and 5 in Cassano and
Cassano (2010).
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Figure 3-4:  Annual precipitation (1980-2009) for the Yukon River Basin (from Brabets et al., 2000).
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3.1.2.2 Precipitation — Site Data

Precipitation has been measured on-site since July 2012 at a dedicated climate station
(Figure 3-5), and at several snow courses distributed at various elevations around the
Coffee Creek property. Tipping bucket precipitation gauges were also installed at the camp
(425 m) and at ridgetop (>1,200 m) in 2015 to refine assumptions relating to site
precipitation accumulation with elevation.

Gauge and snow course data gathered during the baseline study indicate mean annual
precipitation (MAP) averages 370 mm (at 975 m), with 32% of this amount falling as snow
between October and April, and 68% falling as rain from May to September (Figure 3-6).
This measured MAP value for Coffee Creek does not account for the effects of gauge
under-catch or sublimation, which will result in measured precipitation values (winter
values in particular) being lower than actual values. These are well-documented issues in
northern regions (e.g., Yang et al., 2005 and Pomeroy et al., 1999) and corrections are
required to obtain a true MAP estimate.

Figure 3-6 also shows regional precipitation data from nearby climate stations. Overall,
site- and regional precipitation measurements show similar magnitudes and monthly
pattern. The regional climate signal is very consistent for both temperature and
precipitation, and the measured site data tracks the regional signal closely. Further, the
seasonal precipitation distribution calculated from valley bottom climate records (i.e.,
average elevation of 490 m) strongly resembles the proportions measured during the
baseline study (i.e., regional data return proportions of snow and rain to be 35 and
65% respectively).

Figure 3-5:  Daily precipitation measured at the Coffee Creek climate station.
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Figure 3-6:  Monthly average precipitation from the surrounding climate stations
(period of record) and from Coffee Gold (2012-15)

3.1.2.3 Precipitation — Elevational Gradients

It is common in areas with high topographic relief for precipitation amounts (annual,
low-frequency/high-magnitude events, etc.) to increase with elevation due to orographic
effects - primarily cooling of the air mass as it is forced upward by topography and
subsequent condensation of the entrained water vapour. Most of the available long-term
climate records for the project area are from stations located at lower elevations than the
project site. Therefore, any estimate of precipitation derived from the regional stations must
take the potential for orographic effects into account.

Site Measurements

The project site snow courses span a wide range of elevations, and provide a useful starting
point to identify local gradients. Figure 3-7 presents the variation in SWE with elevation
for the maximum measured snow packs of 2013-2015. Precipitation-elevation gradients
(% increase with 100 m increase in elevation) were variable for the three years with
sufficient data; at 6, 2% and 12%/100 m for 2013, 2014 and 2015 respectively. This
inconsistency is likely due to several factors, including timing of the surveys, differing
progression in the melt at lower elevations, and wind redistribution at the higher elevations.
Nevertheless, an average SWE gradient of 9%/100 m was returned for the available period
of record at site.
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Two additional tipping bucket rain gauges were installed in 2015 to further resolve the
summer precipitation elevation gradient at site. Over the period of May to October, the
average gradient from the camp elevation (425 m) to ridge-top (1,300 m) was 4%/100 m
(Table 3-2. There is some evidence that this gradient is reduced somewhat at the higher
elevations (i.e., does not scale linearly above the hypsometric mid-point of the basin;
Loukas and Quick, 1996), but the conservative assumption of a constant gradient was used
for all storm event scaling.

Table 3-2:
Rainfall data from 2015 and associated precipitation elevation gradients.

Gradient Gradient Gradient

Camp Climate = High Elevation = (camp to (camp to (Met Stn to
Month Tipping Bucket = Station = Tipping Bucket = Met Stn) = High Elev) = High Elev)
Elevation (m) 425 975 1,300 (%1/100m) ~ (%1/100m)  (%1/100m)
May-15 16.0 24.9 16.4 8% 0% -17%
Jun-15 39.8 48.8 47.8 4% 2% -1%
Jul-15 82.2 99.3 110.8 3% 4% 5%
Aug-15 53.0 73.7 69.5 6% 4% -3%
Sep-15 17.0 40.1 28.2 17% 7% -15%
Oct-15 33.0 22.9 46.4 -6% 4% 37%
TOTAL 241.0 309.6 319.1 5% 4% 1%

Regional Stations

To validate this gradient estimate, the two nearest snow survey stations to Coffee Creek
were chosen to represent valley bottom (Pelly Farm) and ridge-top (Casino Creek)
snowpack regimes. From the available data for these two stations, the elevation gradient
calculated from the April 1% SWE data was found to be ~9%/100 m. This gradient matches
the average value calculated from the available site data, and was carried forward to
represent the winter precipitation elevation gradient.

Subsequent to the SWE gradient analysis, mean annual precipitation (MAP) and May-
September (summer) precipitation totals from all regional stations listed in Table 2-1 were
plotted against elevation, latitude and longitude. These regional climate stations are
situated within a 200 km radius around the project site and display variability in MAP that
cannot be attributed to elevation alone. For this reason and with the understanding of the
dominant synoptic patterns that drive precipitation in this area, precipitation totals were
plotted against latitude and longitude as well. Summary plots from this analysis are
presented in Figure 3-8.
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For the region as a whole, the annual precipitation gradient was estimated to be 3%/100 m
with summer gradient 4%/100 m - albeit with some scatter about the line of best fit,
particularly at higher elevations. No latitudinal trends in annual precipitation were found,
but a clear decrease in summer precipitation is evident with increasing latitude (Figure
3-8d). Similarly, summer precipitation is found to decrease slightly moving east through
the region, but annual precipitation shows the opposite trend (Figure 3-8ef). This
incongruity is likely the result of either:

e Winter precipitation being driven by southerly flows that are blocked by the
mountain ranges to the south and west of the project area (see Section 3.1.2.1), or;

e Lower precipitation gauge efficiencies for solid phase precipitation at the Alaskan
stations, compared to the Canadian sites. The Canadian Nipher snow gauge
performs much better than the NWS 8” standard gauge, particularly at higher wind
speeds (Yang et al., 2005). This explanation is considered more likely.

Given the known issues with measurement of solid phase precipitation in high-latitude and
high-elevation environments, more weight is placed on the summer precipitation data
results.

Figure 3-7:  Elevation gradients for maximum annual SWE values measured at the
Coffee Gold snow courses.
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Figure 3-8:  Regional precipitation plotted against elevation for mean annual (a)
and summer (b) precipitation; latitude for mean annual (c) and
summer (d) precipitation, and; longitude for mean annual (e) and
summer (f) precipitation. Vertical dashed lines indicate the location of
the Coffee Creek climate station.
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Summary of Precipitation Gradient Assessment

3-11

Overall, regional findings are consistent with the site data, and therefore two elevation
gradients were carried forward into subsequent analyses:

e Summer (May-September) gradient is 4%/ 100 m increase in elevation;
e Winter (October-April) gradient is 9%/100 m increase in elevation.

3.1.2.4 Synthetic Temperature and Precipitation Estimates

Initial Screening

The methods outlined in Section 2.3.2 were followed and a 30-year temperature and
precipitation record was reconstructed from statistical relationships between site and
regional climate data. The initial stage of this process involved screening the regional
climate record to find the ones with the best predictive ability for the Project site climate.
The results of this step are presented in the initial screening tables below (Table 3-3 and
Table 3-4). Following the screening, the McQuesten climate record was selected as the
predictor on which the reconstructed site climate record was based.

Pearson’s correlation coefficients for the daily temperature series.

Tmax
0.97
0.96
0.97
0.96

Tmin
0.98
0.94
0.98
0.93

Pearson’s correlation coefficients for the daily and monthly precipitation series.

Table 3-3:
Station Tavg
Alcan Hwy 0.98
McQuesten 0.97
Jatahmund 0.98
Burwash 0.97
Table 3-4:
Monthly
Station Annual = % complete May-Sept.
Alcan Hwy 0.70 74% 0.61
Beaver Creek =~ 0.85 58% 0.83
Burwash 0.79 90% 0.66
Northway 0.61 83% 0.65
McQuesten 0.69 97% 0.80
Pelly Ranch 0.76 80% 0.78

% complete

100%
63%
87%

100%

100%
80%

Annual

0.42
0.32
0.42
0.35
0.30

Daily
May-Sept.
0.46
0.35
0.43
0.49
0.39
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Air Temperature - Validation

Once the reconstructed climate record was assembled, it was necessary to validate the
record against the measured site data. The long-term synthetic average monthly
temperatures track the measured values very well (Table 3-5). The only notable exception
is the month of January, where the estimated temperatures are low by ~30% (Figure 3-9).
This is an artefact of the pronounced valley inversions experienced at site that are not
reflected by the regional record. Future analyses could consider the use of a modified lapse
rate to estimate winter temperatures for the Coffee Gold Project, but owing to the cold
temperatures experienced for this month, the assembled synthetic data are believed to be
very robust and suitable for input to the Coffee Creek site-wide water balance model.

Precipitation — Validation

For precipitation (Table 3-5), overall the match between the shorter measured record and
the longer synthetic record is quite good. Winter precipitation is slightly higher in the
synthetic precipitation record, but this is not surprising, given that the site climate station
is located at the ridge top and is subject to high winds, and therefore likely experiences
substantial under-catch.

Table 3-5:
Monthly measured and synthetic climate records for the Coffee Gold Project at
1,300 m asl.
Precipitation (mm) Air Temperature (°C)
Measured (2012- Synthetic Measured (2012- Synthetic
2015) Record 2015) Record

Jan 38.8 35.9 -14.6 -19.7
Feb 22.3 22.7 -15.2 -14.9
Mar 16.3 20.0 -10.1 -9.0
Apr 135 14.3 -2.7 0.8
May 40.7 36.2 8.3 6.9
Jun 415 53.0 12.3 11.3
Jul 101.9 76.8 13.3 12.6
Aug 48.3 58.1 11.2 10.1
Sep 38.7 49.8 4.8 5.0
Oct 21.6 37.0 -3.2 -2.4
Nov 19.2 43.7 -15.3 -13.2
Dec 16.2 37.2 -18.4 -17.2
Annual 419.0 484.6 -2.5 -2.5
May-Sep 2711 273.8 10.0 9.2
Oct-Apr 147.9 210.8 -114 -10.8
Casino Creek SWE? 158

The Casino Creek SWE value was scaled up to 1300 m elevation by 9%/100 m.
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The scaled maximum annual SWE from the Casino Creek snow course is presented for
comparison in Table 3-5. It is reasonable to assume that sublimation occurs at the site
throughout the winter months, and could vary from 0.2 — 0.5 mm/day based on the
published literature for similar environments (e.g., Jackson and Prowse, 2009). Thus over
a 180-day period, this could result in SWE losses of 36 — 90 mm. The annual maximum
SWE as measured by a snow course will integrate the effects of sublimation in the volume
of available water, and therefore is expected to be lower than the synthetic record by a
similar magnitude. The difference between the October to April cumulative precipitation
values for the measured data and the synthetic data is approximately 60 mm, which falls
within the range of expected sublimation losses.

It is notable that the Casino Creek SWE data were scaled to the proposed heap leach pad
elevation of 1,300 m using an elevation relationship. Multiple frequency distributions were
fit to the time-series of annual maximum SWE and the Generalized Extreme Value (GEV)
was found to provide the best fit. Recurrence intervals for both wet- and dry-years were
estimated using the GEV distribution and are presented in Table 3-6.

Synthetic Climate Data for Elevation 1,300 m as!

Year-over-year synthetic daily climate data are plotted on a common calendar year X-axis
(Figure 3-11). Plots are provided for both air temperature and precipitation. Synthetic data
are presented in this format as the charts clearly shows the range of variability inherent in
the synthetic time series. Also shown in the plots are time series data for one year (Year 5),
to give indication what a typical year of air temperature and precipitation data look like.

Relevant to Project footprints, mean annual precipitation (MAP) for elevation (~1,300 m
asl) is estimated to be 485 mm, with 65% of this total precipitation realized as rain during
the months of May through September with the remaining 35% occurring as snow from
October through April (Table 3-5; Figure 3-10). On average, July is the wettest month at
the property and April is typically the driest month each year. An analysis of the long-term
synthetic precipitation record also indicates that, on average, 20 to 30 days each summer
(i.e., May-October) will receive appreciable rainfall (~5 mm per day).
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Figure 3-9:  Average monthly mean air temperatures as measured by the Coffee
Gold climate station, and from the synthetic 28-year record.

Figure 3-10: Average monthly precipitation as measured by the Coffee Gold
climate station and from the synthetic 28-year record. Both data
series are scaled to elevation 1,300 m asl.
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Figure 3-11: Year-over-year synthetic daily climate data plotted on a common
calendar year X-axis. Daily data for air temperature (upper plot) and
precipitation (lower plot) are shown for the 30-year dataset using
green and blue circles respectively. Year 5 air temperature and
precipitation data are shown in the plots using red circles (and red
line for precipitation).
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Table 3-6:
Recurrence Interval Estimates for Maximum Annual SWE

Maximum Annual SWE (mm)

Recurrence Probability of  Pelly Farm  Casino Creek Casino Creek

Interval (yrs) Exceedance (472 m) (1065 m) scaled to 1300 m
200 0.995 37 71 77
100 0.99 41 76 82
50 0.98 44 82 88
Dry
25 0.96 49 88 95
10 0.9 56 100 108
5 0.8 63 112 121
Mean 2 0.5 80 139 151
5 0.2 100 172 191
10 0.1 112 193 217
25 0.04 126 218 249
Wet
50 0.02 135 235 272
100 0.01 144 251 295
200 0.005 152 267 317

3.1.2.5 Extreme Precipitation and Snowmelt

Estimates of extreme precipitation (e.g., 1:100 year, 24-hour rainfall) including an estimate
of Probable Maximum Precipitation (PMP) for the Project area are presented in appended
technical memos (see Appendix B and Appendix C). A discussion of snowmelt runoff is
also included in Appendix B.

3.1.3 Wind

Wind roses were created from hourly site data for two ‘seasons’. April to September was
assumed to represent the period when the majority of annual evapotranspiration would
occur and October to March to represent the period of snow accumulation and potential
re-distribution by wind. The mean wind speed for April to September for the period of
record (2012-2015) was 2.7 m/s, with calm conditions only recorded 1% of the time (Figure
3-12). The primary wind vector was from the southeast, with a secondary vector from the
north.

The mean October to March wind speed was 1.8 m/s, with calm conditions recorded 7%
of the time (Figure 3-13). The strongest winds were recorded blowing from the north, but
with relatively greater frequency from the southwest.
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Figure 3-12: Wind rose for the April to September period (2012-2015) for the Coffee
Gold Project site. Flow vectors are in the direction that winds are
blowing from.

Figure 3-13: Wind rose for the October to March period (2012-2015) for the Coffee
Gold Project site. Flow vectors are in the direction that winds are
blowing from.
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3.1.4 Relative Humidity

On a monthly basis, relative humidity measured at the site climate station varies from lower
values in the spring months (lowest is May; 49%) to higher values in the fall and winter of
78-84%. A relative humidity value of 100% was measured on 84 occasions (hourly), and
the minimum measured value was 12.6% on May 16, 2015.

The Coffee Creek relative humidity record is shown in Figure 3-14 at daily time step.

Figure 3-14: Daily average relative humidity measured at the site climate station.

3.1.5 Barometric Pressure

For the period of baseline study, barometric pressure as measured at the site climate station
ranged from an hourly low of 971 mb to a high of 1036 mb. Overall, barometric pressures
are higher in the summer months, with the highest average pressures occurring in July, as
compared to lows in the winter months (e.g., January).

The Coffee Creek barometric pressure record is shown in Figure 3-15 at daily time step.

2-Mar-17 A405-3 LORAX



RESULTS AND DISCUSSION
COFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT 3-19

Figure 3-15: Daily average barometric pressure at the site climate station.

3.1.6 Solar Radiation

When data are summarized monthly for the available period of record, solar radiation
varies from a monthly average high in June of 0.26 kW/m? to a low of 0.003 kW/m? in
December. Since July 2012, the highest recorded hourly solar radiation value is
0.99 kw/m?. The Coffee Creek solar radiation record is shown in Figure 3-16 at daily time
step.

Figure 3-16: Daily average solar radiation measured at the site climate station.
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3.1.7 Evapotranspiration and Potential Evaporation (PE)

Site- and regional estimates of evapotranspiration and potential evaporation are presented
in Table 3-7. The regional estimates, which were computed by Clearwater Consultants for
various territorial mining assessments (WCC, 2006), indicate May-Sep evapotranspiration
rates may be expected to be on the of 140-200 mm for west-central Yukon Territory. Also
presented in Table 3-7 and plotted in Figure 3-17 at daily time step are evapotranspiration
data computed via a Campbell Scientific proprietary climate program using Coffee Creek
weather station measurements. Site estimates of evapotranspiration compare favourably (in
magnitude and temporal distribution) to those reported by Clearwater (i.e., site
measurements were 182 mm on an annual basis and 140 mm for May to end-September).

Table 3-7 (lower) presents six long-term estimates of mean annual lake evaporation
(modelled and by pan) for Yukon stations. Overall, May-Sep lake evaporation totals are
highly similar at these locations and ranges from 414 to 483 mm. Pelly Ranch is situated
near Coffee Creek (see Figure 1-1) and reported long-term lake evaporation is 453 mm
there. Potential evaporation estimated for Coffee Creek using a Penman-Monteith
formulation is similar and 501 mm per year, noting that period of record is comparatively
short for site. For all reported estimates of potential evaporation, monthly rates are highest
in May, June, July and August (roughly 70 to 110 mm per month) and considerably lower
for autumn, winter and spring months (Table 3-7).

Figure 3-17: Daily average evapotranspiration measured at the site climate station.
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Station

Williams Creek

Mayo A

Whitehorse A

Minto Camp (adjusted)

Coffee Gold weather station (CS)

Station

Williams Creek (WREVAP)

Mayo A (WREVAP)

Whitehorse A (WREVAP)
Whitehorse A (Adjusted Class A pan)
Pelly Ranch (Adjusted Class A pan)
Minto Camp (Adjusted)

Coffee Gold weather station (Pot Evap)

Jan

2.2

Jan

0.4

Feb

29

Feb

5.0

Mar

17

13

10.3

Mar

22

15

22.6

Table 3-7:
Estimates of evapotranspiration and potential evaporation from studies at or near Coffee Creek

Average Monthly Areal Evapotranspiration (mm)

Apr | May
17 27
19 33
24 35
20 32

174 376

Average Monthly Lake Evaporation (mm)

Apr | May
62 100
48 91
58 97

- 104

- 108

56 95
46.2 103.0

Jun

41

50

45

40

36.6

Jun

119

111

119

125

120

119

112.2

Jul
38
56
45
35

26.3

Jul
111
108
113
110
108
112

91.9

Aug
18
39
24
22

231

Aug
77
78
81
96
80
80

71.2

Sep = Oct
15 5
17 6
15 8
16 4

168 6.4

Sep = Oct
34 4
26 6
34 10
48 -
37 -
24 4

369 104

Nov

0

14

Nov

1.0

Dec

0.9

Dec

0.2

Total
177
220
209
174

182

Total
528
467

528

495

501

3-21

May-Sep
140
195
164
144

140

May-Sep
440
414
444
483
453
431

415
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3.2  Hydrology

3.2.1 Coffee Creek Hydrometric Data

From the extensive hydrometric network at Coffee Creek, combined with the monthly
sampling trips conducted since autumn 2010, a high-quality and high-resolution
streamflow dataset has been assembled. These data are presented in full in Appendix A,
and have been used to: inform project feasibility studies; complete design and engineering
studies related to the Project; and they have also been used to build and calibrate a site-
wide water balance and water quality model for the proposed undertaking. As a
compliment to the information presented in Appendix A, this section presents examples of
the available hydrometric data to illustrate overall quality, and also presents roll up tables
(e.g., for unit yields, peak flows, low flows) and discussion in an effort to synthesize the
data.

3.2.1.1 Drainage Basin Characteristics, Rating Curves and Discharge Records

Hydrometric data and outputs are presented in Appendix Al for 2011 to 2015, and in
Appendix A2 for 2016. Appendix Al is separated into eleven sub-sections or data reports,
each sub-section reporting out baseline hydrometric data for monitoring locations at Coffee
Creek. For each monitoring station, an assortment of information is presented in Appendix
Al, including:

Drainage Basin Information

Mean elevation, basin area, a detailed basin map, aspect and hypsometry information are
presented per hydrometric station in Appendix Al. Figure 3-18 shows an example of a
drainage area map included in Appendix Al (for hydrometric station CC-3.5 (Latte Creek),
upper plot), as well as a summary of available hypsometric data for the Coffee Creek
monitoring station (lower plot).

Station Information

Summary reports list all pertinent station information for the various monitoring station.
Included in Appendix Al are the following: Station ID, period of record, instrumentation
(type of water level logger) and sampling frequency, and benchmark survey results.

Photos of the stations and watercourses, under various flow conditions, are also included
in Appendix A.
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Rating Curves

Appendix Al shows active rating curves for the Coffee Creek hydrometric stations, and
also shows plots that indicate range of rating curve validation, using probability of
exceedance plot format, for the various hydrometric stations. Examples of these plots are
shown for CC-1.5 hydrometric station in Figure 3-19. Appendix Al also summarizes, by
station, all spot measurements of discharge recorded at the property since 2010.

Measured Time Series Data

Period of record discharge data are shown for hydrometric stations in time series format.
Discharge data are also presented in summary table format (by month, as yields, discharges
and runoff depths) per station for the period of record. Included on time series plots are
continuous discharge data estimated from rating curves, spot measurements of discharge,
and interpolated baseflows for the hydrometric stations. Discharge data for Halfway Creek
stations HC-2.5 and HC-5.0 are shown below (Figure 3-20) as representative examples.
Interpolated baseflows are described in more detail in Section 3.2.2.4.

Synthetic Discharge Data

Appendix Al shows synthetic discharge data in a number of formats: time series, flow
duration curve plot; and anomaly plot. Also shown in Appendix Al are monthly/low-flow
relationships (site, Indian River) ascertained and used to compute the daily, long-term
synthetic flow records. Representative plots showing synthetic discharge data outputs are
presented and discussed in Section 3.2.2 below (refer to Figure 3-23, Figure 3-24 and
Figure 3-25).
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Figure 3-18: Drainage basin map for hydrometric station CC-3.5 (upper plot) and
plot showing hypsometric curves (basin area vs. elevation) for all
hydrometric stations at Coffee Creek (lower plot).
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Figure 3-19: Rating curve (upper plot) and plot indicating range of rating curve
validation (probability of exceedance plot for stage) for CC-1.5
hydrometric station (lower panel).
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Figure 3-20: Time series discharge data for hydrometric stations on Halfway Creek.
The upper panel shows discharge data (blue line), spot measurements
of discharge (green circles) and interpolated baseflow (black line) for
HC-2.5, whereas the lower panel shows data for HC-5.0.
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3.2.1.2 Unit Yields

Local patterns of streamflow are dominated by a snowmelt freshet that typically occurs
late-April to mid-June and punctuated by multiple rainfall-induced high flow events that
occur throughout the summer and autumn. In general, these high flow events are short
lived, often persisting for a duration of 1 or 2 days. A plot showing the unit yields for all
Project drainages, for their periods of record, is presented as Figure 3-21.

Figure 3-21: Unityield hydrographs for gauged Project basins.
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In general, average unit yields across the Project site are 9 L/s/km? for the open water
season (May to October), and range from 4.5 to 15 L/s/km?, depending on the drainage.
The YT-24 and CC-1.0 drainages that drain the north and south waste rock dumps

(respectively) have the lowest yields, while Upper Latte Creek (CC-6.0 and CC-1.5) and
Independence Creek at the Mouth (1C-4.5) have the highest yields.

Measured average unit yields are summarized in Table 3-8 for Coffee Creek.

Table 3-8:
Average unit yields by month (L/s/km?)

Station | Area (km?  Record May June July Aug Sept Oct Nov May-Oct Average

CC-0.5 385.6 2014-2015 | 12 7 13 11 11 4 1 10
CC-1.0 3.4 2014-2015 7 3 5 5 5 3  NA 4
CC-1.5 23.1 2014-2015 | 13 13 19 15 11 4 NA 12
CC-3.5 69.8 2011-2015 | 15 12 14 9 6 2 1 9
CC-6.0 9.6 2014-2015 | 16 15 23 18 13 6 NA 15
HC-2.5 14.8 2014-2015 | 10 6 11 9 9 5 NA 8
HC-5.0 27.0 2011-2015 15 8 11 9 8 5 3 9
IC-1.5 81.1 2014-2015 9 9 19 13 11 6 2 11
IC-2.5 17.3 2014-2015 6 5 13 10 9 5 NA 8
IC-4.5 222.3 2011-2015 21 14 16 9 10 4 1 13
YT-24 11.8 2014-2015 7 3 6 6 5 2 NA 5

3.2.1.3 Peak Flows

Peak flows are driven primarily by the intense convective rainfall events that are common
in the summer months, with secondary peaks occurring in late-May, as a result of melting
snowpacks. Measured peak flows are summarized in Table 3-9 for Coffee Creek stations.

Instantaneous peak flow unit yields are typically between 120 and 200 L/s/km?, although
some drainages have recorded peak flows that are much lower and in the 60 L/s/km? range
(e.g., CC-1.0, HC-2.5 and IC-2.5). Interestingly, Upper Latte Creek experiences relatively
larger instantaneous peak flow yields, on the order of 300 to 400 L/s/km?.
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Table 3-9:
Instantaneous peak yields by month (L/s/km?)
Station Area (km?)  Record = May June July Aug Sept Oct Nov Mé?(?rl;ilm
CC-0.5 385.6 2014-2015 192 125 96 156 40 15 3 192
CC-1.0 3.4 2014-2015 22 30 50 41 13 7 | NA 50
CC-15 23.1 2014-2015 85 | 396 140 105 42 17 NA 396
CC-3.5 69.8 2011-2015 90 | 375 118 87 25 10 1 375
CC-6.0 9.6 2014-2015 73 | 310 116 94 49 50 NA 310
HC-2.5 14.8 2014-2015 36 52 57 51 18 13 NA 57
HC-5.0 27.0 2011-2015 118 @ 78 110 76 25 27 6 118
IC-15 81.1 2014-2015 51 94 161 112 40 24 7 161
IC-2.5 17.3 2014-2015 29 66 47 | 42 20 14 NA 66
IC-4.5 222.3 2011-2015 146 @ 147 119 106 45 15 3 147
YT-24 11.8 2014-2015 127 61 92 74 22 26 NA 127

3.2.1.4 Low Flows

During the open water season, the recession limbs of local hydrographs are often steep
following the passage of a large rain event and the associated peak flows. Low flow
conditions can occur intermittently during the summer and early autumn across the Project
site, with unit yields during early summer often approaching those measured during the
winter months. Measured low flows are summarized in Table 3-10.

Low flows measured in June 2015 (~1 L/s/km?) formed a critical input to the site-wide
groundwater model calibration. As the summer progresses, baseflows are enhanced by
active layer melt and soil moisture recharge. By November, unit yields were observed to
drop to 0.5 to 1.5 L/s/km? in all project drainages, and zero flow conditions become
widespread by late 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 at the Project site. Aufeis melts during the
freshet, but may persist into the early summer (mid- to late-June). It is discussed in more
detail in Section 3.2.2.3.
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Table 3-10:
Low flow yields by month (L/s/km?)

Station Area (km?)  Record ~May June July Aug Sept Oct Nov Annual Minimum

CC-0.5 385.6 2014-2015 1.0 06 25 37 37 01 01 0.1
CC-1.0 3.4 2014-2015 4.6 00 00 03 05 01 NA 0.0
CC-15 23.1 2014-2015 3.0 18 26 29 35 09 NA 0.9
CC-35 69.8 2011-2015 1.8 05 10 11 09 01 0.2 0.2
CC-6.0 9.6 2014-2015 4.0 03 35 38 38 07 NA 0.3
HC-2.5 14.8 2014-2015 3.5 13 36 25 42 15 NA 13
HC-5.0 27.0 2011-2015 1.9 08 14 21 35 10 16 0.8
IC-15 81.1 2014-2015 1.7 09 33 42 48 19 10 0.9
IC-2.5 17.3 2014-2015 0.3 00 37 34 50 12 NA 0.0
IC-4.5 222.3 2011-2015 0.2 08 29 23 31 09 03 0.2
YR24 11.8 2014-2015 0.2 01 04 09 05 00 NA 0.0

3.2.1.5 Mean Annual Runoff (MAR) and Elevation

Hydrometric data tabled in Appendix A is presented in runoff depth format. Estimates for
each station are presented monthly, annually and as an average (mean annual runoff, MAR)
per station, for the available period of record. MAR estimates at Coffee Creek vary from
basin to basin. For example, the runoff generated by YT-24 is low and approximately
60 mm based on measurements recorded in 2014 and 2015 (Appendix A). In contrast,
runoff generated in the headwaters of Latte Creek are comparatively high and estimated to
be 160 mm based on the 2014 and 2015 field campaigns. MAR for CC-6.0, a high-elevation
headwater station within the Latte Creek drainage shows an even higher MAR value.

To explore relationships between runoff generation and basin characteristics, MAR
estimates were regressed against mean basin elevation (m), basin area (km?) and dominant
aspect within the drainage. While resulting relationships were weak or poor for the basin
area and aspect assessments, a robust relationship between runoff and elevation was
ascertained. This relationship is shown for Project site drainages in Figure 3-22.

With the exception of the CC-1.0 basin, a small (3.4 km?) catchment in the headwaters of
Latte Creek, MAR increases linearly with increase in mean basin elevation at the Project
site. Compared to other basins, the uniqueness of the CC-1.0 flow regime is assumed
attributable to its basin outlet configuration (i.e., small, wide, permeable surficial geology)
that returns lower than expected surface water flow (especially in 2014) and presumably
higher groundwater discharge than other basins that are gauged.
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Figure 3-22: Mean annual runoff for the open water season plotted against median
basin elevation (2014-2015).

3.2.2 Synthetic Discharge Data and Streamflow Metrics

The creation of synthetic hydrographs for all project stations resulted in a 34-year records
(1982-2015) of daily discharge being created for the Project site drainage basins.
Ultimately, these records allow the short-term site data to be placed in a broader historical
context. An example synthetic record is shown in Figure 3-23 for Independence Creek
hydrometric station IC-2.5. The upper plot of this figure shows the synthetically estimated
discharge data for this station. The lower plot compares measured and synthetic discharge
data for 1C-2.5 (for the overlapping record of 2014 and 2015) in flow duration curve format.
The strong similarity of these flow duration curves gives an indication that the magnitude
of the discharges and the range of variability for discharge in the measured record is
appropriately replicated in the synthetic series.

Figure 3-24 depicts the long-term annual runoff time-series for stations CC-1.5, HC-2.5
and YT-24. Given the general arrangement for the proposed mine (refer to Figure 1-2),
these three basins may see modification and/or alteration to surface flow, surface water
quality and/or groundwater condition (quantity, quality) as project footprints advance.
Runoff data in this figure show that overall, range in inter-annual variability for each station
iIs substantial, and the relative magnitude of variation differs between basins. The
differences in magnitude are assumed attributable to site-specific differences in mean basin
elevation (Figure 3-22), that have been correctly embedded into the respective synthetic
discharge series.
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The long-term variability in natural runoff contained within each synthetic dataset can be
shown in standardized anomaly plot format. An example anomaly plot is shown for YT-24
in Figure 3-25, where positive Y-axis and negative Y-axis scaling indicate progressively
higher and lower deviations from long-term average runoff respectively. From Figure 3-25,
it is apparent that the baseline study period (i.e., autumn 2010 to end 2015) captured two
years that were wetter than average (2011 and 2013), and three years that were average or
slightly drier than average (2012, 2014 and 2015). This is critical information, as a series
of wet- or dry-years occurring during a short baseline data collection period can heavily
bias estimates of streamflow metrics.

Figure 3-23: Time-series of daily discharge for the 1C-2.5 synthetic discharge record
(upper panel). The lower panel shows 1C-2.5 discharge data (measured
and synthetic) in flow duration curve format.

2-Mar-17 A405-3 LORAX



RESULTS AND DISCUSSION
COFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT 3-33

Figure 3-24: Annual runoff time-series for stations CC-1.5, HC-2.5 and YT-24.

Figure 3-25: Standardized anomaly plot for annual runoff at YT-24.
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3.2.2.1 Annual Runoff: Wet- and Dry-year Recurrence Intervals

Results of the annual runoff recurrence interval analysis are presented in Table 3-11, along
with the average runoff ascertained from the measured site data. Agreement is generally
good for all basins, although the site data are biased toward the 2014-15 monitoring period
and hence, drier conditions. The spread between the 1:200 dry- and wet-years is confirmed
to be substantial at Coffee Creek, and generally, wet-years are expected to produce ten
times more runoff than an extreme dry-year. As a point of reference for the wet- and dry
recurrence interval data presented in Table 3-11, the synthetic discharge records vary by
factors of 4-7 over the 34 years of record.

Table 3-11:
Annual runoff recurrence interval estimates for Project site basins (all values in
mm/year).
Exceedance Return
Probability Period CC-05 CC-10 CC-15 CC-35 CC-6.0 HC-25 HC-50 1IC-15 1IC-25 1IC-45
0.005 1:200 dry 25 14 76 36 125 67 22 57 30 40
0.01 1:100 dry 39 19 88 41 141 75 31 69 39 49
0.02 1:50 dry 54 23 101 48 158 84 41 83 49 59
0.04 1:25 dry 72 29 117 55 179 95 52 99 61 71
0.1 1:10 dry 103 38 144 68 216 113 71 127 81 92
0.5 1:2 (median) 213 71 248 117 353 179 135 225 146 167
(Sz'gelg"ggi%e) 167 60 166 132 206 104 120 160 104 209
0.9 1:10 wet 381 119 427 196 583 282 220 371 233 281
0.96 1:25 wet 464 142 526 238 706 334 257 441 271 337
0.98 1:50 wet 525 158 603 270 800 372 283 492 297 378
0.99 1:100 wet 585 173 683 302 896 410 306 541 321 418
0.995 1:200 wet 644 188 766 335 996 447 328 588 343 458

The average runoff for all site stations is presented alongside the corresponding annual
precipitation estimate for each recurrence interval in Table 3-12. Average runoff
coefficients for each interval are presented in this table as well. These data show that the
proportion of annual precipitation converted to runoff increases in proportion to the total
annual precipitation estimated, which is consistent with the expected basin response. For a
wet year, soil moisture storage would likely be fully recharged, and would have limited
additional capacity to store infiltrated precipitation. Conversely and for a dry-year, a below
average snowpack or prolonged summer drought combined with evaporation, may require
appreciable precipitation to replenish basin storage and soil moisture deficit, and only then
will surface runoff be produced.
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Table 3-12:
Annual precipitation and average annual runoff recurrence interval estimates.
Recurrence Annual Precipitation Average Runoff = Average Runoff

Interval (1:years) (mm) (mm) Coefficient
1:200 285 44 0.16
1:100 300 54 0.18
Dry-year 1:50 318 64 0.20
1:25 338 77 0.23
1:10 372 98 0.26
Median 1:2 479 175 0.37
1:10 613 293 0.48
1:25 667 352 0.53
Wet-year 1:50 702 395 0.56
1:100 734 439 0.60
1:200 762 482 0.63

3.2.2.2 Peak Flows

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 2-4.
Recurrence interval estimates of annual instantaneous peak flows were plotted against
drainage area, and an enveloping power law function was then fit to the data. For reference,
the measured peak flows from the site data were also plotted, with a separate function fit
to these data. The enveloping 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. The results of this analysis are presented as unit yields
in Table 3-13 and plot of the regional- and site- peak flow data is provided in Figure 3-26.
Table 3-13:

Instantaneous peak yield recurrence interval estimates for Project basins derived
from regional analysis (L/s/km?)

Drainage 1:2 1:5 1:10 1:25 1:50 1:100 1:200 = Measured Maximum
Station Area (km2) year year year year year year year Peak Yields
CC-0.5 385.6 118 195 288 398 462 570 639 192
CC-1.0 3.4 241 489 805 1261 1597 2132 2579 50
CC-15 23.1 181 337 531 790 966 1249 1465 396
CC-35 69.8 153 272 418 603 723 918 1057 141
CC-6.0 9.6 206 400 643 979 1216 1596 1899 310
HC-2.5 14.8 193 368 585 881 1086 1415 1671 81
HC-5.0 27 176 327 514 761 928 1196 1399 118
IC-15 81.1 149 264 405 582 695 880 1012 161
IC-25 17.3 189 357 566 848 1042 1354 1596 66
IC-45 222.3 128 217 325 455 534 664 751 147
YT-24 11.8 200 384 615 931 1152 1507 1786 127
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Figure 3-26: Peak flow estimates for regional stations (blue) and maximum recorded
instantaneous site discharges (red).

For basins under 1,000 km?, there is overlap between the regional- and site data for the
1:2 year and 1:10 year envelope curves shown in Figure 3-26, and this is not unexpected
given that period of record for Coffee Creek is approximately five years. By comparison,
peak flows returned from the regional analysis are higher in magnitude and therefore more
conservative that an estimate returned from site- measurements alone for the most extreme
peak flow events (i.e., 1:50 year, 1:100 year and 1:100 year). As a validation of the
reasonableness of the peak flows returned from the envelope curves, regional guidance
documents published by state and territorial governments on the estimation of peak
streamflows in ungauged basins were consulted (Curran et al., 2003; Janowicz, 1989).
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Table 3-14 list the proposed peak flow equations for Project area basins and also reports
peak flow estimates for a 100 km? drainage using envelope curves and the data models
proposed by Curran et al., 2003.

Table 3-14:
Summary of predictive equations for select peak flow events
Event Envelope _Curve Peak Flow Comparison
Equation (Envelope Curve, Curran et al., 2003)
1:2 year y = 2904°015¢ 14,8
1:5 year y = 620A01%4 25,18
1:10 year y = 1050A0-217 39,28
1:25 year y = 1700A0-244 55, 44
1:50 year y = 2200A0-262 66, 58
1:100 year y = 3000A0-27° 83,75
1:200 year y = 3700A0-2% 95, 94

Notes: The Envelope Curve Equations in the table above are shown graphically in Figure 3-26. In the right most column above,
peak flows (in m%/s) from the Envelope Curve Equations are compared to estimates after Curran et al., 2003. The values reported
are for a hypothetical drainage basin with area 100 km?. The Envelope Curve Equation uses 4 (basin area in km?) as the predictor
variable for the peak flow value and the equation returns a value in units of L/s/km2. For the Curran et al. peak flows the following
was assumed: 1) peak flow equations for Region 5 were applied; 2) mean basin elevation (E) was assumed to be 1,067 m asl
(3,500 ft); 3) forest cover (F) was set to 75% in the data model; and 4) storage (S) was conservatively set to a value of 1%.

3.2.2.3 Low Flows

A robust characterization of the low flow regime is required to inform potential water
quality sensitivities, as well as the potential for shortfalls in water required for process
makeup or dust control, for example. A low flow analysis is presented below that
considered inspection of regional- and site-specific hydrometric data. Consistent with
provincial guidance (see BC MOE, 2012), low flow values returned by the Log Pearson
(Type 1I1) (LP3) distribution are reported in this section. In some instances, the LP3
distribution did not fit the data, in which case the Weibull or LogNormal distributions were
used.

Both annual and summer (June-September) low flow events (7Q2 [median], 7Qs, 7Q10 and
7Q20) were considered in this assessment, where recurrence interval estimates for summer
low flows were derived from the synthetic discharge records. Due to limited site data
available for the winter period, and extensive aufeis conditions documented in Project
basins, the same approach was not taken for the annual low flow metrics. Instead, all
available spot flow measurements for the winter months are presented for the site stations
to give indication of expected annual low flow condition.
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Summer Low Flow Regime

The low flow recurrence interval estimates for the summer period (June to September) are
presented in Table 3-15 (regional) and Table 3-16 (site). The values are presented as unit
yields to allow for easy comparison between basins.

The regional stations represent basins that span three orders of magnitude for area (km?),
and therefore, there is substantial variation in the calculated low flow yields. The most
representative regional basins are assumed to be those with drainage areas <10,000 km?.
With the exception of 09EA004, which has anomalously high yields for a basin of this size,
and to a lesser extent 09DD004, remaining basins (i.e., 09AH003, 09AH004, 09CA006,
09EBO003 and 09EB004) return summer 7Q1o Yields that range from 0.7 to 1.2 L/s/km?
(Table 3-15). For a parallel analysis conducted using the synthetic streamflow data, these
data returned estimated summer 7Q10 values for the Project stations ranging from 0 to
1.7 L/s/lkm? (Table 3-16), with average of the summer 7Qio values for the eleven Project
stations being 0.7 L/s/km?,
Table 3-15:

June — September minimum 7-day low flow recurrence interval estimates for
regional stations. Values are unit yields (L/s/km?).

09AHO003 = 09AHO004 = 09BC001 09CA003 09CA006 & 09CDO001 @ 09DD003 09DD004 | 09EA004 09EB003 = 09EB004

Exceed Return
-Prob. Period LP3 LP3 Weibull LP3 LP3 LP3 LP3 LP3 LP3 LP3 LP3
Basin 1,800 6,410 48,900 12,400 7,910 149,000 = 51,000 4,750 1,090 2,210 3,060
Area
(km?)
05 1:2 2.08 1.50 7.21 11.66 252 9.50 8.14 5.96 10.10 1.42 2.14
' (median)
0.2 155 1.36 0.96 5.38 8.48 1.54 8.17 6.16 4.63 8.11 0.92 1.35
0.1 1:10 1.11 0.76 4.43 7.11 1.20 7.51 5.27 4.06 7.15 0.72 1.05
0.05 1:20 0.94 0.63 3.67 6.11 0.97 6.98 462 3.65 6.41 0.58 0.85
Table 3-16:
June — September minimum 7-day low flow recurrence interval estimates from
synthetic site records. Values are unit yields (L/s/km?).
Exceed.  Return = CC-05 CC-10 CC15 CC-35 CC60 HC25 HC50 IC-15  IC25 IC-45  YT-24
Prob. Period LP3 LP3 LP3 LP3 LP3 LP3 LogNorm LP3 | LogNorm = LP3 | LogNorm
05 1:2
: (median) = 1.79 0.00 2.49 0.80 2.55 2.83 1*.72 1.94 0.75 1.64 0.89
0.2 155 0.99 0.00 1.89 0.48 151 2.05 0.88 1.13 0.45 0.63 0.77
0.1 1:10 0.72 0.00 1.69 0.38 1.15 1.74 0.62 0.87 0.34 0.34 0.71
0.05 1:20 0.55 0.00 1.57 0.33 0.91 1.52 0.46 0.71 0.28 0.19 0.67
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Annual Low Flow Regime and Aufeis

Over the course of the 5+ years of baseline study, all available winter spot flow
measurements (October through April) were averaged by month then presented in Table
3-17 below. Low flow plots (i.e., spot flow measurements and synthetic discharge
estimates) are also presented for the hydrometric stations in Appendix A, with an example
presented for Halfway Creek below in Figure 3-27.

Site data show that yields range from 1.2 — 3.3 L/s/lkm? in October, and decrease steadily
to their annual minima by March (0 — 0.7 L/s/lkm?), before increasing again in April in
response to low-elevation snow melt and spring rainfall. Based on the site data alone,
winter low flows are expected to range from 0 to 0.7 L/s/km?.

Table 3-17:
Winter spot flow measurements presented as monthly averages for Project area
hydrometric stations. Values are unit yields (L/s/km?).

CC-05 CC-15 CC-35 HC-25 HC-50 IC-15 IC-25 1C-45

JAN 0.07 0.91 0.14 1.32 0.00 0.65 NA NA
FEB 0.07 0.63 0.00 0.70 0.00 0.31 0.00 NA
MAR 0.03 0.48 0.01 0.65 0.00 NA NA NA
APR 1.36 0.76 0.95 1.61 0.57 NA 4.00 2.42
MAY -- -- -- -- -- -- -- --
JUN -- -- -- -- -- -- -- --
JUL -- -- -- -- -- -- -- --
AUG -- -- -- -- -- -- -- --
SEP -- -- -- -- -- -- -- --
OCT 2.58 2.71 1.61 3.29 2.19 2.84 1.19 2.16
NOV 0.43 0.78 0.30 1.18 0.21 0.64 0.00 0.20
DEC NA NA 0.20 1.17 NA 0.76 NA 0.34
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Figure 3-27: Plot showing synthetic discharge data and manual spot flow
measurements for the HC-2.5 (Halfway Creek) hydrometric station.
The y-axis has been scaled (i.e., 0 to 60 L/s or roughly 0 to 4 L/s/km?) to
illustrate the similarities between the discharge data under low flow
condition.

An important component of the winter flow regime at the Project site is the extensive icing
of the local channels. This ice growth, or aufeis, is the result of shallow groundwater
discharge and/or baseflow in the stream channel freezing. This ice impedes subsequent
flow, which is forced on top of the existing ice sheet, where it freezes (see Figure 3-28).
This process repeats continuously throughout the winter, and results in laminated ice sheets
that have been measured close to 1.5 m in thickness and 50+ m in width in the Project
channels (Figure 3-29). 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 baseflows, and can store up to a third of the cumulative annual baseflow in sub-
Arctic watersheds (Yoshikawa et al., 2007).
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Figure 3-28: Groundwater flow patterns and aufeis formation (from Kane, 1981).

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 most 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.

A map of the Project site drainages with measured and inferred aufeis extents and
thicknesses is presented in Figure 3-30.

2-Mar-17 A405-3 LORAX



RESULTS AND DISCUSSION
COFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT 3-42

Figure 3-29: Extensive aufeis (~50 m wide) at HC-2.5. For reference, the stream
channel is typically 2 m wide at this point.

3.2.2.4 Baseflow Separation

Low flow regimes of streams at the Project site show elevated levels for several parameters
of concern (mainly arsenic and uranium; see Lorax 2016a), and as such, it was important
to characterize the baseflow regime for each Project basin. Baseflow is typically
understood to constitute the portion of streamflow that is derived from groundwater
discharge, and is often considered to be equal to the minimum winter low flow, or the
minimum summer flow following an extended dry period (Smakhtin, 2001). The low
flows, or baseflows that are of interest to this baseline study are those low flows that
reoccur seasonally.

The baseflow separation filter in SAAS was used to develop time-series of baseflow for
both the continuous discharge records from the site stations, as well as the synthetic
discharge records developed for the same stations. Plots showing baseflow separations per
monitoring station are included in the hydrometric data assembled in Appendix A. The
baseflow records generated by SAAS account for both interflow and groundwater derived
baseflow during the open water season, but equate to groundwater baseflow only during
winter months (where flow exists) and during extended summer dry periods.
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3.2.3 Regional Flow Data

3.2.3.1 Regional Flow Summaries

To obtain the input data required for the regional streamflow analyses (peak and low flows,
annual runoff, trend analyses, etc.), the daily time-series (in m%/s) for ten of the hydrometric
stations listed in Table 2-4 were run through a customized routine to extract the relevant
metrics. As indicated in Section 2.3.6 the extracted metrics included the following:

e Average annual (calendar year and water year [October to September]) discharge;
e Annual maximum and minimum daily discharge;

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

e Average monthly discharge (m®/s) and runoff (mm);

e Date of freshet initiation (pulse date; after Cayan et al., 2001);

e Date of freshet peak discharge, and,;

e Date of centre of hydrograph mass (calendar year; after Stewart ez al., 2005).

Summaries of the extracted metrics from regional monitoring locations are provided in
table format in Appendix E.

3.2.3.2 Yukon River Flow Data

As described in Section 1.4, contact waters associated with the Coffee Gold project will
report passively to Halfway Creek, YT-24 (unnamed tributary) or Latte Creek — a
headwater tributary of Coffee Creek. Ultimately, these three receiving creeks (i.e.,
Halfway, Latte, YT-24) report to the Yukon River, and therefore, an understanding of the
Yukon River flow regime is critical.

The Yukon River is gauged at a number of locations in the Yukon and Alaska. The Water
Survey of Canada hydrometric station Yukon River above White River (09CDO001) is
situated a short distance downstream of the Coffee Gold Project (~15 km). Period of record
for this station is 61 years (1956-2016), and the drainage area for the basin at the location
of the gauge is 149,000 km?.

The drainage area of the Yukon River at locations relevant to the Project are essentially
identical in magnitude. For example, the estimated drainage of the Yukon River above
Coffee Creek is 147,317 km? (i.e., an area 1.2% less than that area at 09CD001). The Yukon
River downstream of Halfway Creek compares within 0.8% of the drainage at 09CD001
and is 147,839 km?,
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Average, minimum and maximum discharge data (period of record, daily) for the Yukon
River above White River are shown in Figure 3-31. These data show that winter flows for
the Yukon River are typically 400-500 m®/s, but may reach winter minima on the order of
250 m®/s upon occasion. Flows for months May through November, can reasonably be
expected to range between 1,000 and 3,000 m®/s at the Project site. In Appendix E,
available stage data are presented for the Yukon River above White River. So too are
hydrometric data (stage, flow) for the Stewart River, as they are relevant to barging and
ice-road passage proposed for the Project.

Figure 3-31: Daily average-, minimum- and maximum discharge data for the Yukon
River above the White River (09CD001)
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4. Conclusions

4.1 Summary

Meteorology Monitoring

Figure 2-1 shows the location of the Coffee Creek automated weather station (elevation
975 m asl) and snow course stations established at the property. In addition to the weather
station tipping bucket rain gauge (complete with snowfall adaptor), two tipping bucket rain
gauges were installed at the Coffee Creek exploration camp (430 m) and at the ridge-top
laydown (1,300 m) in 2015 to discern the precipitation-elevation gradient for the Project
site. Snow course measurements were carried out at the property following Territory
protocols (i.e., 10 sampling locations along a transect were each sampled for depth and
snow water equivalent [SWE] then averaged). Snow courses were located at various
elevations (i.e., low, mid and high elevation) and oriented to discern effects of aspect on
local snow accumulation.

Hydrometric Monitoring

Table 2-2 summarizes station nomenclature and drainage basin characteristics for Coffee
Creek surface water monitoring stations. Currently, there are nineteen surface water
monitoring stations at the property, each strategically located downstream of proposed
project infrastructure and mine footprints.

Figure 2-4 shows the location of these monitoring stations with respect to proposed project
infrastructure and mine footprints.

Eleven of the surface water monitoring stations at the property are instrumented with metric
staff and continuously recording water level recorders set in well-anchored still wells. The
purpose of the instrumentation as described in Section 2.2.1 was to resolve high-resolution
discharge records for these three stations from a rating curve and a continuous record of
water level. The hydrology methods adopted for the study were aligned with standards and
procedures outlined in the Manual of British Columbia Hydrometric Standards - Version
1.0 (RISC, 2009). Streamflow was measured several different ways for this study,
including: wading with a current meter, salt dilution gauging, using an acoustic Doppler
current profiler, and slope-area approaches.

Gauged watersheds at the Coffee Creek site range in size from ~3 to 500 km?, noting that
eight of the watersheds being monitored have drainage areas of less than 25 km?2. In
addition to capturing a range in terms of drainage area, the watersheds gauged for the
baseline hydrology study differ in elevation characteristics (i.e., mean catchment elevations
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range 800 to 1,300 m asl) and represent varying aspects as well. Mean elevation, basin
area, a detailed basin map, aspect and hypsometry information are presented per
hydrometric station in Appendix A.

Regional Climate and Hydrometric Stations

As part of the baseline study, site- and regional hydrometric data were analyzed in
combination to: place the relatively short period of record for Coffee Creek into a broader
context; generate long-term (i.e., 30+ year) synthetic climate and discharge records for the
Project area, and; to compute robust climate and flow metrics (e.g., extreme rainfall depths;
instantaneous peak flows; low flows for various return periods) from the combined site-
and regional information. These metrics are tabled in Section 3 (see also Appendix A and
E) of the report and have subsequently been used to inform engineering and design studies
related to the mine and water management plan, and to construct and calibrate a site-wide
water balance and water quality model for the Coffee Gold Project.

Summary of Meteorology Results

Air temperature

For the relatively short period of record at Coffee Creek, measured average annual
temperature is -2.5°C, and monthly average air temperatures range from -19°C (December)
to +13°C (July) (Table 3-1). To date, the minimum temperature at Coffee Creek is -37.6°C
(measured January 28", 2013) and the maximum temperature is 27.2°C (June 25™, 2013).

At the elevation of the Coffee Creek climate station, a notable departure from the regional
temperature signal occurs during winter months. Valley bottom temperature inversions
during winter months and ridgetop temperatures may be 10°C higher than measurements
recorded at valley bottom stations. These inversions result in a reversal of the normal lapse
rate (decreasing temperature with increasing elevation), and are commonly caused by cold
Arctic air masses pooling in the valley bottoms from late October to early March.

Precipitation

Mean annual precipitation (MAP) at the proposed undertaking (~1,300 m above sea level)
is estimated to be 485 mm, with 65% of this total precipitation realized as rain during the
months of May through September, and the remaining 35% occurring as snow from
October through April. This estimate of MAP was arrived at using site-measurements of
rainfall and snow accumulation that were assessed in combination with regional
precipitation data (i.e., from Federal/State weather stations, snow courses, snow pillows).
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It is common in areas with high topographic relief for precipitation amounts (annual,
low-frequency/high-magnitude events, etc.) to increase with elevation due to orographic
effects - primarily cooling of the air mass as it is forced upward by topography and
subsequent condensation of the entrained water vapour. Precipitation gradients were
ascertained through an inspection of site- and regional precipitation data, and were
established at Coffee Creek as follows: 4%/100 m elevation gain for rainfall, and
9%/100 m elevation gain for snow.

Evaporation, evapotranspiration

Annual potential evaporation (PE) for the Project area is estimated to be ~500 mm with
monthly rates being highest in May, June, July and August (roughly 70 to 110 mm per
month) and considerably lower for autumn, winter and spring months. Consistent with
other studies in the Yukon, the evapotranspiration estimate for the Coffee Gold site is
roughly 40% of the assumed PE value or 182 mm per year.

Summary of Hydrology Results

Local Streamflow Measurements

At Coffee Creek, patterns of streamflow are dominated by a snowmelt freshet that typically
occurs between late April and early June. Following freshet, patterns of streamflow are
punctuated by several rainfall-induced runoff events which occur throughout the summer
and autumn. In general, these high flow events are short duration, persisting usually for a
1 or 2-day time period. Flows in local creeks and streams abate in October in response to
freezing temperatures and it is notable that local watersheds typically experience zero flow
conditions throughout the winter (i.e., November through end March). Aufeis (i.e., frozen
groundwater seepage that accumulates within- and adjacent to local watercourses) is
pervasive in creeks and streams at the Project site and melts during the freshet, but may
persist into the early summer.

Based on measurements at Coffee Creek hydrometric stations, average unit yields across
the project site are 9 L/s/km? for the open water season (May to October), and range from
4.5 to 15 L/s/km?, with specifics of the runoff regime for each monitoring station being
dependent on drainage characteristics (i.e., basin area, shape, mean elevation, extent of
permafrost, ezc.). Unit yields range from 1.2 — 3.3 L/s/lkm? in October, and decrease steadily
to annual minima in March (i.e., 0 — 0.7 L/s/km?), before increasing again in April in
response to low-elevation snow melt and summer rains. At Coffee Creek, instantaneous
peak flows, expressed as unit yields, are typically between 120 and 200 L/s/km?, but
measurements range widely across the site (from 60 to >300 L/s/km?).
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Mean Annual Runoff

Based on the information available, MAR varied by roughly a factor of three in Project site
basins (from 60 mm to 200 mm) and when regressed against mean basin elevation (m),
basin area (km?) and dominant aspect within the drainage, showed strong correlation with
elevation (Figure 3-22). Results of the annual runoff recurrence interval analysis are
presented in Table 3-11 and it is notable that the spread between the 1:200 dry- and wet-
years is substantial at Coffee Creek, and generally, wet-years are expected to produce ten
times more runoff than an extreme dry-year.

Average runoff for all site stations is presented alongside the corresponding annual
precipitation estimate for each recurrence interval in Table 3-12. These data show that the
proportion of annual precipitation converted to runoff increases in proportion to the total
annual precipitation estimated, which is consistent with the expected basin response. For a
wet year, soil moisture storage would likely be fully recharged, and would have limited
additional capacity to store infiltrated precipitation. Conversely and for a dry-year, a below
average snowpack or prolonged summer drought combined with high evaporation, may
require appreciable precipitation to replenish basin storage and soil moisture deficit, and
only then will surface runoff be produced.

Peak Flows

A regional peak flow analysis was conducted using the stations listed in Table 2-4.
Recurrence interval estimates of annual instantaneous peak flows were plotted against
drainage area, and an enveloping power law function was then fit to the data. The
enveloping 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. The results of this analysis are presented as unit yields in Table 3-13
with a plot of the regional- and site- peak flow data is provided in Figure 3-26.

Summer Low Flows

Low flow recurrence interval estimates for the summer period (June to September) are
presented in Table 3-15 (regional) and Table 3-16 (site). Based on the regional stations
assumed most representative of Project site conditions, the analysis returned summer
7Quo Yields that range from 0.7 to 1.2 L/s/lkm? (Table 3-15). A parallel analysis conducted
using the synthetic streamflow data returned estimated summer 7Q1o values for the Project
stations ranging from 0 to 1.7 L/s/km? (Table 3-16). The summer 7Qio low flow value
based on an average of the eleven Project stations was 0.7 L/s/km?.
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Annual Low Flows

Based on the data collected at Coffee Creek, winter yields typically range from
1.2 — 3.3 L/s/km? in October, and decrease steadily to the annual minima in March
(0—0.7 L/s/km?), prior to again increasing in April in response to low-elevation snow melt
and early spring rains. An important component of the winter flow regime at the Project
site is the extensive icing of the local channels. This ice growth, or aufeis, is the result of
shallow groundwater discharge and/or baseflow in the stream channel freezing. This ice
impedes subsequent flow, which is forced on top of the existing ice sheet, where it freezes.
This process repeats continuously throughout the winter, and results in laminated ice sheets
that can approach 2 m in thickness and 50+ m in width in the Project channels.

Hydro-meteorology as an Input to the Site-wide Water Balance Model

The baseline surface hydrology monitoring study was initiated at Coffee Creek in autumn
2010, with a baseline meteorology study commencing later, in July 2012. These two
monitoring programs remain fully operational, with data collection scheduled to continue
through the permitting and licensing phases of the Project timeline. In addition to serving
as an input to engineering and design studies for the Project, baseline hydro-meteorology
results have been incorporated into surface water modelling efforts related to the Project
(see Lorax 2016b).

The Coffee Gold site-wide water balance draws upon and synthesizes data from a number
of sources including: the mine plan and site-wide water management layout; baseline
hydro-meteorology data; water quality data; hydrogeology information including output
from a groundwater model; and results from a heap leach water balance model. The site-
wide water balance model was developed in GoldSim, a flexible, object-oriented software
tool for the numerical simulation of complex natural or engineered systems. Surface
runoff, baseflow, snowfall/melt processes and aufeis production from winter baseflow are
all represented in the site-wide water balance model, informed by the hydro-meteorological
information presented herein.
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We trust that this plan meets your requirements at this time. Please contact us should you
have any questions or concerns, or require additional information in support of this work.

Yours sincerely,
Lorax Environmental Services

per:

Signature REDACTED Signature REDACTED

Colin Fraser, M.Sc., P.Geo. Scott Jackson, M.Sc., P.Geo.
Hydrologist Hydrologist
Lorax Environmental Services Ltd. Lorax Environmental Services Ltd.
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Hydrometric Station CC-0.5 Metadata

Station Name: CC-0.5 Hypsometric Curve
Location: Upper Coffee Creek
Basin Area (km®): 385.6 1.0 {1 CC-0.5 Hypsometric Curve
UTM Easting: 594515
UTM Northing: 6970359 @ 0.8
Median Elevation (m asl): |1019 g

Record Period: S 06
Spot Measurements 2010-Present 3
Continuous Record 2014-Present *g 0.4 A

[&]
Pressure Transducer: Solinst & 02
Temperature Sensor: Yes
Conductivity Sensor: Yes 0.0 1
Barologger: No | | , | , | ,
Measurement Interval: 200 400 600 800 1000 1200 1400 1600 1800
Summer |15 minute
Winter IRemoved Elevation (m asl)
Benchmark surveys

Date Gauge Height (m) |Change (m) Notes

05/06/2014 97.26

25/06/2015 97.26 0

12/09/2015 97.262 0.002 no movement

Catchment Slope Aspects (Quadrants in degrees)

North (315-45) East (45-135) South (135-225) | West (225-315)
35% 15% 35% 15%

Open Water Photo . Winter Photo



= i S .

Kilometers




Hydrometric Station CC-0.5 Metadata

Manual Measurements

Date Time |Stage (m) Discharge (m%s) | Salt Dilution| MMB FlowMate Pygmy | Price AA
11/10/2010| 17:22 1.305 X
11/11/2010] 12:46 0.214 X
19/04/2011] 18:02 0.115 X
19/04/2011] 18:15 0.120 X
22/09/2011| 10:20 2.004 X
20/10/2011| 14:15 0.642 X
28/11/2011| 13:32 0.036 X
31/01/2012( 13:39 0.000
29/02/2012] 13:05 0.000
19/04/2012| 11:32 0.911 X
07/05/2012( 14:42 3.478 X
18/07/2012| 13:34 6.712 X
23/08/2012| 12:53 1.222 X
21/09/2012| 11:54 3.827 X
16/10/2012] 13:56 1.537 X
20/11/2012| 12:15 0.322 X
24/01/2013| 14:36 0.055 X
14/02/2013| 14:17 0.073 X
06/03/2013( 12:38 0.013 X
13/06/2013] 13:36 3.666 X
02/08/2013| 8:21 1.793 X
21/08/2013| 12:51 1.874 X
26/09/2013| 17:43 2.376 X
28/10/2013| 17:28 0.430 X
25/11/2013| 15:43 0.211 X
10/04/2014] 12:00 0.002 X
05/06/2014( 15:20 0.403 1.233 X
25/06/2014| 15:00 0.382 0.745 X
23/07/2014| 13:40 0.563 2.848 X
21/08/2014 8:03 0.480 1.960 X
26/09/2014| 14:03 0.458 1.616 X
23/10/2014| 11:50 0.395 1.063 X
24/11/2014| 13:20 0.050 X
25/02/2015| 16:09 0.004
30/04/2015( 10:30 0.385 0.954 X
24/06/2015| 15:55 0.428 1.506 X
22/07/2015| 14:44 0.492 X
19/08/2015] 15:10 0.692 X
28/10/2015| 13:40 0.399 X




Hydrometric Station CC-0.5 Metadata

Rating Curve
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Hydrometric Station CC-0.5 Metadata

Rating Curve Control on Measured Stage
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Hydrometric Station CC-0.5 Metadata

Flow Duration Curves - Synthetic vs. Measured Discharge
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Hydrometric Station CC-0.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-0.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-0.5 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year May Jun Jul Aug Sep Oct Nov Annual
Average -- 2.50 4.12 2.64 3.97 1.39 0.32 2.49
2014 [Maximum -- 30.63 17.48 6.86 15.30 4.81 1.00 30.63
Minimum -- 0.51 0.96 1.44 1.42 0.02 0.04 0.02
Average 4.62 3.64 7.65 10.81 5.57 2.38 -- 5.78
2015 |Maximum 74.21 48.13 37.18 60.24 14.03 5.87 -- 74.21
Minimum 0.40 0.25 1.57 2.24 3.23 0.04 -- 0.04
Unit Yield (L/s/km?)
Average - 6.5 10.7 6.8 10.3 3.6 0.8 6.5
2014 [Maximum -- 79.4 45.3 17.8 39.7 12.5 2.6 79.4
Minimum -- 1.3 2.5 3.7 3.7 0.1 0.1 0.1
Average 12.0 9.5 19.8 28.0 14.5 6.2 -- 15.0
2015 |Maximum 192.5 124.8 96.4 156.2 36.4 15.2 -- 192.5
Minimum 1.0 0.6 4.1 5.8 8.4 0.1 -- 0.1
Runoff (mm)
2014 -- 15 29 18 27 10 1 99
2015 29 25 53 75 37 17 -- 236

NOTE: Values in italics indicate that data for that month is not complete.




Hydrometric Station CC-1.0 Metadata

Station Name: CC-1.0 Hypsometric Curve
Location: South WRSF basin
Basin Area (km®): 3.4 .
UTM Easting: 584956 1.0 {CC-1.0 Hypsometric Curve
UTM Northing: 6971726 o
Median Elevation (m asl): [1055 o
Record Period: i 0.6
Spot Measurements 2014-Present @ -
Continuous Record 2014-Present @
c 0.4 1
3
Pressure Transducer: Solinst E 0.2 .
Temperature Sensor: Yes ’
Conductivity Sensor: Yes
0.0 1
Barologger: No
Measurement Interval: 700 800 900 1000 1100 1200 1300 1400
Summer |15 minute
Winter |Removed Elevation (m asl)
Benchmark surveys
Date Gauge Height (m) |Change (m) Notes

Catchment Slope Aspects (Quadrants in degrees)
North (315-45) East (45-135) South (135-225) | West (225-315)
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Hydrometric Station CC-1.0 Metadata

Manual Measurements

Date Time | Stage (m) Discharge (m%s)| Salt Dilution Weir Equation | Pygmy | Price AA
26/06/2014| 9:40 0.209 0.009 X X
24/07/2014 0.215 0.001 X
21/08/2014| 11:16 0.262 0.003 X X
25/09/2014| 18:07 0.282 0.005 X X
23/10/2014| 16:15 0.231 0.001 X
30/04/2015( 13:50
17/05/2015] 18:00
27/06/2015| 8:45
23/07/2015| 11:23 0.017 X X
23/07/2015| 12:36 0.017 X
23/07/2015| 12:45 0.170
19/08/2015] 18:00 0.199
21/08/2015| 18:00 0.430 0.030 X X
10/09/2015 0.376 0.014 X
12/09/2015] 17:30 0.368 0.015 X X
28/10/2015| 15:00 0.339 0.009 X X
27/11/2015| 13:30 0.314 0.006 X X
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Hydrometric Station CC-1.0 Metadata

Rating Curve

NOTE: this site has a V-notch weir installed, therefore no rating curve was necessary.
Rating Equation is Q:1362.9*(h)2'5

Continuous Discharge Record vs. Spot Flow Measurements
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Hydrometric Station CC-1.0 Metadata

Rating Curve Control on Measured Stage
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Hydrometric Station CC-1.0 Metadata

Flow Duration Curves - Synthetic vs. Measured Discharge
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Hydrometric Station CC-1.0 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-1.0 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-1.0 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?%s)

Year Apr May Jun Jul Aug Sep Oct Nov [Annual
Average -- -- 0.000 | 0.000 | 0.003 [ 0.006 | 0.003 -- 0.00
2014 |Maximum| -- -- 0.001 | 0.010 | 0.006 | 0.010 | 0.010 -- 0.01
Minimum -- -- 0.000 | 0.000 | 0.001 [ 0.002 | 0.000 -- 0.00
Average -- 0.026 | 0.011 | 0.032 | 0.032 [ 0.025 | 0.016 -- 0.02
2015 |Maximum| -- 0.077 | 0.105 | 0.172 | 0.141 | 0.044 | 0.026 - 0.17
Minimum -- 0.016 | 0.000 | 0.011 | 0.018 | 0.015 | 0.008 -- 0.00
Unit Yield (L/s/km?)
Average -- -- 0.0 0.1 0.9 1.8 1.0 -- 0.8
2014 |Maximum| -- -- 0.2 3.0 1.8 2.9 2.8 -- 3.0
Minimum - -- 0.0 0.0 0.3 0.5 0.1 -- 0.0
Average -- 7.7 3.2 9.4 9.4 7.3 4.6 -- 6.9
2015 |Maximum| -- 224 | 304 | 50.1 | 40.9 | 12.7 7.4 -- 50.1
Minimum -- 4.6 0.0 3.3 5.2 4.5 2.3 -- 0.0
Runoff (mm)
2014 -- -- 0 0 2 5 2 -- 9
2015 -- 21 8 25 25 19 12 -- 110

NOTE: Values in italics indicate that data for that month is not complete.




Hydrometric Station CC-1.5 Metadata

Station Name: CC-1.5 Hypsometric Curve
Location: Latte Creek
Basin Area (km®): 23.1 i
UTM Easting. 534947 1.0 { CC-1.5 Hypsometric Curve
UTM Northing: 6971695
Median Elevation (m asl)]1142 @ 0.8 1
Record Period: o
Spot Measurements 2010-Present @ 06 1
Continuous Record 2014-Present o
c 04 -
3
Pressure Transducer: |Solinst o
o 0.2 -
Temperature Sensor: Yes
Conductivity Sensor: Yes
X 0.0 A
Barologger: No
Measurement Interval: 600 800 1000 1200 1400 1600
Summer |15 minute
Winter [Removed Elevation (m asl)
Benchmark surveys
Date Gauge Height (m) [Change (m) Notes
05/06/2014 98.589
12/09/2015 98.59 0.001 no movement

Catchment Slope Aspects (Quadrants in degrees)

North (315-45)

East (45-135)

South (135-225)

West (225-315)

44%

14%

36%

6%

Open Water Photo

Winter Photo




Kilometers




Hydrometric Station CC-1.5 Metadata

Manual Measurements

Date Time | Stage (m)| Discharge (m®s) | Salt Dilution| MMB FlowMate| Pygmy |Price AA
11/10/2010| 15:02 0.036 X
11/11/2010| 11:45 0.018 X
20/07/2011| 13:15 0.410 X
26/08/2011( 12:40 0.438 X
21/09/2011( 16:20 0.078 X
20/10/2011| 11:30 0.039 X
28/11/2011| 14:05 0.019 X
29/02/2012( 14:51 0.017
27/03/2012| 15:41 0.014 X
19/04/2012| 12:56 0.051 X
07/05/2012| 15:30 0.173 X
07/05/2012| 15:53 0.160 X
22/06/2012| 16:04 0.198 X
18/07/2012( 14:17 0.521 X
23/08/2012| 13:51 0.045 X
21/09/2012| 12:31 0.560 X
16/10/2012( 15:01 0.129 X
24/01/2013| 15:31 0.021 X
29/05/2013| 17:27 1.508 X
13/06/2013| 15:53 0.560 X
01/08/2013| 11:30 0.175 X
22/08/2013 9:53 0.062 X
27/09/2013| 17:24 0.157 X
30/10/2013| 11:36 0.033 X
26/11/2013| 12:43 0.022 X
18/02/2014( 11:17 0.012 X
10/03/2014| 15:37 0.009 X
10/04/2014| 13:25 0.009 X
22/05/2014| 12:40 0.495 X
26/06/2014 8:30 0.650 1.584 X
24/07/2014 8:40 0.465 0.185 X
21/08/2014( 10:21 0.441 0.103 X
25/09/2014| 17:20 0.472 0.225 X
23/10/2014| 15:40 0.384 0.031 X
24/11/2014| 15:00 0.013 X
01/04/2015| 18:00
30/04/2015| 13:30
17/05/2015| 17:26 0.525 0.604 X
25/06/2015 9:10 0.587 0.783 X
23/07/2015| 11:44 0.447
19/08/2015| 18:30 0.545
12/09/2015| 17:00 0.445 0.211 X
28/10/2015| 15:15 0.36 0.106 X
27/11/2015( 12:30 0.31 0.018 X
Slope-Area 0.895 8.039




Hydrometric Station CC-1.5 Metadata

Rating Curve
NOTE: Rating curve extended using the slope-area method from a channel survey conducted in 2015.
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Hydrometric Station CC-1.5 Metadata

Rating Curve Control on Measured Stage

1.0
CC-1.5

0.9 ~

0.8 1

Rating control to 0.65 m
98% of observations covered by rating curve
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Hydrometric Station CC-1.5 Metadata

Flow Duration Curves - Synthetic vs. Measured Discharge
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Hydrometric Station CC-1.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-1.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.

August
1000
<
E
=
o 100 A
=]
=)
£
=
:E
=
[te]
- 10 +
Q
&}
1 T T T T T T T
0 10 20 30 40 50 60 70
Indian River Unit Yield (Llslkmz)
September
100
E
e
B
2
=)
[
> 10
.*é'
=}
ot
)
Q
1 T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Indian River Unit Yield (L/s/kmz)
Low Flow
100
E
-
o 104
2
=
2
=
."é'
=
CERE
)
|&]
0.1 T T T T T T T
o] 10 20 30 40 50 60 70

Indian River Unit Yield (L;’slkmz)



Hydrometric Station CC-1.5 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year Apr May Jun Jul Aug Sep Oct Nov | Annual
Average -- -- 0.17 0.34 0.22 0.28 0.09 -- 0.22
2014 |Maximum -- -- 1.61 1.65 1.02 0.97 0.17 -- 1.65
Minimum -- -- 0.04 0.07 0.12 0.11 0.05 -- 0.04
Average -- 0.31 0.40 0.56 0.46 0.21 0.08 -- 0.33
2015 |Maximum -- 1.96 9.15 3.22 2.44 0.84 0.39 -- 9.15
Minimum -- 0.07 0.04 0.06 0.07 0.08 0.02 -- 0.02
Unit Yield (L/s/km?)
Average -- -- 7.2 14.7 9.4 12.1 3.9 -- 9.5
2014 |Maximum -- -- 69.6 71.5 44.0 42.2 7.5 -- 71.5
Minimum -- -- 1.8 3.2 5.0 4.9 2.1 -- 1.8
Average -- 13.3 17.2 24.1 19.8 9.0 3.6 -- 14.5
2015 [Maximum -- 85.0 396.1 | 139.5 | 1054 36.2 17.1 -- 396.1
Minimum -- 3.0 1.8 2.6 2.9 3.5 0.9 -- 0.9
Runoff (mm)
2014 -- -- 16 39 25 31 11 -- 123
2015 -- 15 44 65 53 23 10 -- 210

NOTE: Values in italics indicate that data for that month is not complete.
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APPENDIX Al: SITE HYDROLOGY DATA - 2010 TO 2015



Hydrometric Station CC-3.5 Metadata

Station Name: CC-3.5 Hypsometric Curve
Location: Lower Latte Creek
Basin Area (km?): 69.8 .
UTM Easting: 504433 1.0 1 CC-3.5 Hypsometric Curve
UTM Northing: 6970376 © 08 .
Median Elevation (m asl):|990 o
Record Period: E 06 |
Spot Measurements 2010-Present 8
Continuous Record 2011-Present o
= 0.4 1
Pressure Transducer: Solinst %
- o 0.2
Temperature Sensor: Yes
Conductivity Sensor: Yes
Barologger: Yes 081
Measurement Interval: 400 600 800 1000 1200 1600
Summer |15 minute
Winter |Removed Elevation (m asl)
Benchmark surveys
Date Gauge Height (m) [Change (m) Notes
22/09/2011 98.565
22/06/2012 98.63 0.065
21/09/2012 98.566 -0.064
29/05/2013 99.58 1.014
25/09/2013 99.781 0.201 SG reinstalled
22/05/2014 99.825 0.044 SG moved up
12/09/2015 99.847 0.022 SG moved up

NOTE: rating curve has been corrected for staff gauge movement due to frost jacking.

Catchment Slope Aspects (Quadrants in degrees)

North (315-45)

East (45-135)

South (135-225)

West (225-315)

41%

13%

41%

5%

Open Water Photo
SN2

Winter Photo







Hydrometric Station CC-3.5 Metadata

Manual Measurements

Date Time | Stage (m)| Discharge (m%s) | Salt Dilution | MMB FlowMate| Pygmy [Price AA
11/10/2010| 16:52 0.095 X
12/10/2010 0.321
11/11/2010| 12:19 0.021 X
15/12/2010| 11:16 0.014 X
19/04/2011 0.282
19/05/2011| 14:35 0.755
22/06/2011| 17:12 0.840 5.339 X
20/07/2011| 11:52 0.582 1.206 X
26/08/2011| 11:07 0.584 0.965 X
22/09/2011 9:45 0.412 0.286 X
20/10/2011| 13:30 0.332
28/11/2011| 12:25 0.330 0.008 X
20/12/2011 0.310
29/02/2012| 13:35 0.000
26/03/2012| 14:25 0.000
19/04/2012| 11:05 0.560 0.069 X
07/05/2012| 13:15 0.475 0.410 X
07/05/2012 0.478
22/06/2012| 14:39 0.530 0.809 X
18/07/2012| 13:06 0.592 1.257 X
23/08/2012| 12:26 0.380 0.109 X
21/09/2012| 11:28 0.556 0.800 X
16/10/2012| 13:10 0.344 0.203 X
20/11/2012| 12:55 0.036 X
10/04/2013| 12:00 0.000
29/05/2013| 13:32 0.736 2.352 X
13/06/2013| 14:18 0.533 0.534 X
01/08/2013| 12:47 0.593 0.491 X
21/08/2013| 12:08 0.427 0.134 X
26/09/2013| 18:39 0.337 0.337 X
28/10/2013| 16:48 0.197 0.094 X
25/11/2013] 15:00 0.017 X
08/01/2014| 14:12 0.010 X
10/03/2014| 13:55 0.001 X
22/05/2014] 14:30 0.450 0.884 X
05/06/2014| 12:30 0.178 0.090 X
25/06/2014| 15:45 0.178 0.078 X
23/07/2014] 13:40 0.306 0.322 X
21/08/2014 8:59 0.233 0.171 X
26/09/2014| 14:53 0.243
23/10/2014| 12:45 0.155 0.058 X
24/11/2014] 14:30 0.144 0.023 X
30/04/2015| 11:45 0.276 0.13 X
17/05/2015( 16:00 0.391 0.681 X
24/06/2015| 17:55 0.127 0.04
19/08/2015( 16:00 0.353
12/09/2015( 14:30 0.275 0.447 X
28/10/2015| 14:00 0.178 0.113 X
Slope-Area 0.932 7.85




Hydrometric Station CC-3.5 Metadata

Rating Curve
NOTE: Rating curve extended using the slope-area method from a channel survey conducted in 2015.
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Hydrometric Station CC-3.5 Metadata

Rating Curve Control on Measured Stage

1.6
CC-3.5

1.4
1.2 1

Rating control to 0.840 m for 2011 to 2013,

(98% coverage)
1.0 1
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Discharge (m3ls)

Hydrometric Station CC-3.5 Metadata

Flow Duration Curves - Synthetic vs. Measured Discharge
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Hydrometric Station CC-3.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-3.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-3.5 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year Apr May Jun Jul Aug Sep Oct Nov | Annual
Average -- 1.276 | 1.05 0.74 0.88 0.23 0.08 | 0.042 0.62
2011 |Maximum -- 6.267 | 4.86 3.19 5.21 0.41 0.18 | 0.052 6.27
Minimum -- 0.243 | 0.17 0.27 0.39 0.14 0.05 | 0.013 0.01
Average -- 1.306 | 0.69 0.62 0.26 0.55 0.20 | 0.079 0.53
2012 |Maximum -- 4.047 | 2.66 2.57 1.73 1.40 0.54 | 0.092 4.05
Minimum -- 0.284 | 0.32 0.16 0.12 0.28 0.04 | 0.037 0.04
Average -- 2.012 | 0.69 1.06 0.51 0.54 0.19 | 0.039 0.72
2013 |Maximum -- 5922 | 3.64 7.30 3.26 0.96 0.47 | 0.055 7.30
Minimum -- 0.145 | 0.25 0.32 0.17 0.06 0.05 | 0.027 0.03
Average -- 0.583 | 0.17 0.53 0.25 0.39 0.10 -- 0.34
2014 |Maximum -- 2173 | 2.25 2.14 1.41 1.75 | 0.60 -- 2.25
Minimum -- 0.124 | 0.03 0.07 0.08 0.11 0.03 -- 0.03
Average -- 0.67 0.96 1.28 1.02 0.40 0.12 -- 0.74
2015 |Maximum -- 4.06 | 26.14 | 8.26 6.10 1.42 0.72 -- 26.14
Minimum -- 0.14 0.08 0.12 0.14 0.11 0.01 -- 0.01
Unit Yield (L/s/km?)
Average -- 18.28 | 15.0 10.7 12.6 3.3 1.2 | 0.602 8.8
2011  [Maximum -- 89.78 | 69.7 45.7 74.7 5.9 25 10.751 89.8
Minimum -- 3.476 2.4 3.8 5.6 2.0 0.7 0.186 0.2
Average -- 18.71 9.9 8.9 3.8 7.9 2.9 1.138 7.6
2012 |Maximum -- 57.98 | 38.1 36.8 24.7 20.0 7.8 1.316 58.0
Minimum -- 4.074 4.6 2.3 1.7 3.9 0.5 0.534 0.5
Average -- 28.82 9.9 15.2 7.3 7.8 2.7 0.556 10.3
2013 |Maximum -- 84.84 | 52.2 | 104.6 | 46.6 13.7 6.8 0.789 104.6
Minimum -- 2.082 3.6 4.5 2.5 0.9 0.7 0.391 0.4
Average -- 8.356 2.4 7.6 3.6 5.6 1.4 -- 4.8
2014 |Maximum -- 31.13 | 32.2 30.6 20.1 25.1 8.6 -- 32.2
Minimum -- 1.772 0.5 1.0 1.1 1.6 0.4 -- 0.4
Average -- 9.6 13.7 18.3 14.6 5.7 1.7 -- 10.6
2015 [Maximum -- 58.2 | 3745 | 1184 | 87.4 20.4 10.3 -- 374.5
Minimum -- 2.0 1.2 1.7 2.0 1.6 0.1 -- 0.1
Runoff (mm)
2011 -- 20.53 39 29 34 8 3 0 134
2012 -- 43.64 26 24 10 20 8 1 132
2013 -- 54.79 26 41 20 20 7 0 168
2014 -- 15.88 6 20 10 15 3 -- 70
2015 -- 12 36 49 39 15 5 -- 156

NOTE: Values in italics indicate that data for that month is not complete.




Hydrometric Station CC-6.0 Metadata

Station Name: CC-6.0 Hypsometric Curve
Location: Upper Latte Creek
Basin Area (kmz): 9.6
UTM Easting: 581667 1.0 1 CC-6.0 Hypsometric Curve
UTM Northing: 6970960
Median Elevation (m asl){1233 T 0.8 1

Record Period: <
Spot Measurements 2014-Present 5 0.6 ;
Continuous Record 2014-Present @

% 0.4
Pressure Transducer:  |Solinst %
Temperature Sensor: _ |Yes a 0.2 1
Conductivity Sensor: Yes
Barologger: Yes 0.0 1
Measurement Interval: " " ' T
Summer 115 minute 1000 1100 1200 1300 1400 1500
Winter |Removed Elevation (m asl)
Benchmark surveys

Date Gauge Height (m) |Change (m) Notes

14/09/2014 96.677

13/09/2015 96.677 0.000 no movement

Catchment Slope Aspects (Quadrants in degrees)
North (315-45) East (45-135) South (135-225) | West (225-315)
27% 29% 43% 0%

Open Water Photo Winter Photo

(0 -




Kilometers




Hydrometric Station CC-6.0 Metadata

Manual Measurements

Date Time | Stage (m) Discharge(mS/s) Salt Dilution| MMB FlowMate| Pygmy | Price AA
26/06/2014| 11:00 0.570 0.804 X
24/07/2014| 14:45 0.104 X
21/08/2014| 12:19 0.174 0.087 X
25/09/2014| 15:23 0.255 0.113 X
24/10/2014( 12:30 0.005 X
30/04/2015( 15:00
18/05/2015| 12:00 0.285 0.196 X
25/06/2015( 12:00 0.488 0.563 X
23/07/2015| 13:09 0.217
22/08/2015 9:30 0.390 0.356 X
13/09/2015( 16:00 0.192
28/10/2015| 11:35 0.120 0.011 X
25/11/2015| 11:30
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Discharge (L/s)

Hydrometric Station CC-6.0 Metadata

Rating Curve
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Hydrometric Station CC-6.0 Metadata

Rating Curve Control on Measured Stage

1.2
CC-6.0

1.0

0.8 -

0.6 1

Rating control to 0.57 m.
98% of observations covered by rating curve

Stage (m)

0.4

0.2 1

0.0 -

0.0 0.2 04 06 0.8 1.0

Probability of Exceedance

Baseflow comparison - winter spot flows vs. synthetic discharge record

NOTE: This stream experiences extensive aufeis conditions during the winter,
and therefore no flow measurements are possible.



Hydrometric Station CC-6.0 Metadata

Flow Duration Curves - Synthetic vs. Measured Discharge
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Hydrometric Station CC-6.0 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-6.0 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station CC-6.0 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year Apr May Jun Jul Aug Sep Oct Nov | Annual
Average -- - 0.09 0.17 0.12 0.15 0.04 -- 0.11
2014 |Maximum -- -- 0.78 0.80 0.61 0.47 0.19 -- 0.80
Minimum -- -- 0.02 0.04 0.06 0.07 0.01 -- 0.01
Average -- 0.15 0.20 0.28 0.24 0.11 0.07 -- 0.17
2015 |Maximum -- 0.70 2.98 1.11 0.90 0.35 0.48 -- 2.98
Minimum -- 0.04 0.00 0.03 0.04 0.04 0.01 -- 0.00
Unit Yield (L/s/km?)
Average -- -- 8.9 18.0 12.1 15.1 4.1 -- 11.7
2014 |Maximum -- -- 81.6 83.7 63.3 49.4 19.8 -- 83.7
Minimum -- -- 2.3 4.1 5.8 7.0 0.7 -- 0.7
Average -- 15.8 21.0 28.7 24.9 11.0 6.9 -- 18.0
2015 |Maximum -- 73.3 310.0 | 115.8 94.0 36.5 49.9 -- 310.0
Minimum -- 4.0 0.3 3.5 3.8 3.8 1.4 -- 0.3
Runoff (mm)
2014 -- -- 20 48 32 39 9 -- 148
2015 -- 19 54 77 67 29 18 -- 264

NOTE: Values in italics indicate that data for that month is not complete.




Hydrometric Station HC-2.5 Metadata

Station Name: HC-2.5 Hypsometric Curve
Location: Upper Halfway Creek
Basin Area (kmz): 14.8 E
UTM Easting: 534058 1.0 4 HC-2.5 Hypsometric Curve
UTM Northing: 6976584
Median Elevation (m asl): [1057 ¢ 0.8
Record Period: <
Spot Measurements 2010-Present % 0.6 1
Continuous Record 2014-Present @
€ 0.4 -
. 3
Pressure Transducer: Solinst oy
Temperature Sensor: Yes o 027
Conductivity Sensor: Yes
Barologger: No 0.0 1
Measurement Interval: ' " ' ' ' ' '
Summer 115 minute 600 700 800 900 1000 1100 1200 1300 1400
Winter |Removed Elevation (m asl)
Benchmark surveys
Date Gauge Height (m) [Change (m) Notes
07/06/2014 98.695
14/09/2015 98.732 0.037 SG moved up

Catchment Slope Aspects (Quadrants in degrees)
North (315-45) East (45-135) South (135-225) | West (225-315)
48% 16% 27% 8%

Open Water Photo Winter Photo




Kilometers




Hydrometric Station HC-2.5 Metadata

Manual Measurements

Date Time | Stage (m)| Discharge (m%s) | Salt Dilution| MMB FlowMate| Pygmy | Price AA
10/11/2010 | 16:03 0.021 X
15/12/2010 13:00 0.017 X
20/04/2011 10:31 0.013 X
22/06/2011 20:17 1.244 X
20/07/2011 10:50 0.376 X
26/08/2011 13:42 0.173 X
21/09/2011 15:47 0.065 X
20/10/2011 10:45 0.033 X
28/11/2011 14:27
01/02/2012 14:47 0.002 X
29/02/2012 11:37 0.020 X
27/03/2012 13:14 0.012 X
19/04/2012 16:22 0.051 X
07/05/2012 16:39 0.162 X
22/06/2012 16:45 0.232 X
18/07/2012 14:55 0.325 X
23/08/2012 15:01 0.038 X
19/09/2012 18:07 0.199 X
16/10/2012 15:49 0.078 X
24/01/2013 12:06 0.020 X
06/03/2013 16:52 0.012 X
10/04/2013 13:02 0.008 X
30/05/2013 9:19 1.229 X
14/06/2013 9:27 1.009 X
31/07/2013 16:15 0.097 X
21/08/2013 13:55 0.039 X
26/09/2013 11:05 0.109 X
29/10/2013 15:25 0.041 X
26/11/2013 13:33 0.018 X
18/02/2014 12:20 0.009 X
11/03/2014 11:25 0.007 X
22/05/2014 9:45 0.383 X
07/06/2014 12:50 0.325 0.029 X
27/06/2014 11:05 0.425 0.257 X
23/07/2014 16:10 0.380 0.106 X
21/08/2014 16:05 0.342 0.053 X
26/09/2014 9:07 0.358 0.062 X
24/10/2014 11:45 0.334 0.041 X
25/11/2014 15:45 0.014 X
29/04/2015 16:30
19/05/2015 8:00 0.374 0.106 X
26/06/2015 10:15 0.296 0.024 X
23/07/2015 10:13 0.328
20/08/2015 16:10 0.645 0.693 X
13/09/2015 13:00 0.368 0.132 X
30/10/2015 11:05 0.051 X
28/11/2015 11:05 0.03 X
Slope-Area 0.83 1.51




Hydrometric Station HC-2.5 Metadata

Rating Curve
NOTE: Rating curve extended using the slope-area method from a channel survey conducted in 2015.
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Stage (m)

Hydrometric Station HC-2.5 Metadata

Rating Curve Control on Measured Stage
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Hydrometric Station HC-2.5 Metadata

Flow Duration Curves - Synthetic vs. Measured Discharge
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Hydrometric Station HC-2.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station HC-2.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station HC-2.5 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year Apr May Jun Jul Aug Sep Oct Nov | Annual
Average -- -- 0.08 0.15 0.08 0.13 0.07 -- 0.10
2014 |Maximum -- -- 0.32 0.41 0.18 0.27 0.19 -- 0.41
Minimum -- -- 0.04 0.06 0.04 0.06 0.03 -- 0.03
Average -- 0.14 0.09 0.19 0.18 0.13 0.06 -- 0.13
2015 |Maximum -- 0.53 0.77 0.84 0.75 0.22 0.15 -- 0.84
Minimum -- 0.05 0.02 0.05 0.06 0.06 0.02 -- 0.02
Unit Yield (L/s/km?)
Average -- -- 5.7 10.1 5.6 8.7 4.7 -- 7.0
2014 |Maximum -- -- 21.3 27.6 11.9 18.2 13.2 -- 27.6
Minimum -- -- 2.5 4.3 2.5 4.2 2.1 -- 2.1
Average -- 9.8 6.1 12.7 12.0 8.7 4.3 -- 9.0
2015 [Maximum -- 35.7 52.2 57.0 50.8 14.8 10.4 -- 57.0
Minimum -- 3.5 1.3 3.6 4.2 4.2 1.5 -- 1.3
Runoff (mm)
2014 -- -- 12 27 15 23 10 -- 86
2015 -- 11 16 34 32 23 12 -- 127

NOTE: Values in italics indicate that data for that month is not complete.
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APPENDIX Al: SITE HYDROLOGY DATA - 2010 TO 2015



Hydrometric Station HC-5.0 Metadata

Station Name: HC-5.0 Hypsometric Curve
Location: Lower Halfway Creek
Basin Area (kmz): 27.0
UTM Easting: 588839 1.0 1 HC-5.0 Hypsometric Curve
UTM Northing: 6980553
Median Elevation (m asl): |896 @ 0.8 -
Record Period: g
Spot Measurements 2010-Present £ 06 1
Continuous Record 2011-Present EE
- T 04
Pressure Transducer: Solinst 8
Temperature Sensor: Yes )
—= - o 0.2 -
Conductivity Sensor: Yes
Barologger: No
Measurement Interval: 0.0 1
Summer |15 minute ' ' ' ) g
Winter IRemoved 200 400 600 800 1000 1200 1400
Elevation (m asl)
Benchmark surveys
Date Gauge Height (m) [Change (m) Notes
21/09/2011 98.619
19/09/2012 98.616 -0.003
30/05/2013 99.621 1.005
25/09/2013 99.378 -0.243 Staff gauge relocated
23/07/2014 99.384 0.006
13/09/2015 99.392 0.008 No movement

Catchment Slope Aspects (Quadrants in degrees)

North (315-45)

East (45-135)

South (135-225)

West (225-315)

45%

17%

31%

7%

Open Water Photo

Winter Photo




Kilometers

. 3




Hydrometric Station HC-5.0 Metadata

Manual Measurements

Date Time | Stage (m)| Discharge (m%s) | Salt Dilution | MMB FlowMate| Pygmy [Price AA
12/10/2010| 16:27 0.366 0.076 X
10/11/2010| 16:51 0.008 X
19/05/2011 0.750
22/06/2011| 19:27 0.750 1.532 X
20/07/2011| 14:55 0.520 0.397 X
26/08/2011| 10:00 0.468 0.258 X
21/09/2011| 15:07 0.390 0.071 X
20/10/2011| 10:02 0.380 0.025 X
28/11/2011| 15:02 0.000
29/02/2012| 12:10 0.000
26/03/2012| 12:23 0.000
10/04/2013 0.000
16/05/2012| 11:52 0.485 0.300 X
23/08/2012| 15:44 0.350 0.049 X
19/09/2012 0.475
19/09/2012| 19:00 0.254 X
17/10/2012 9:20 0.398 0.089 X
20/11/2012| 15:21 0.015 X
24/01/2013| 12:35 0.000
10/04/2013 0.000
30/05/2013| 16:50 0.580 0.866 X
31/07/2013| 15:07 0.429 0.023 X
21/08/2013| 14:45 0.385 0.048 X
26/09/2013 9:48 0.323 0.142 X
29/10/2013| 16:00 0.054 X
26/11/2013| 13:00 0.000
22/05/2014 8:40 0.395 0.392 X
27/06/2014| 12:05 0.351 0.288 X
23/07/2014| 17:28 0.292 0.112 X
21/08/2014| 17:21 0.248 0.045 X
25/09/2014 9:54 0.282 X
24/10/2014| 10:45 0.228 0.041 X
29/04/2015| 14:00 0.046 X
19/05/2015( 11:00 0.303 0.151 X
26/06/2015 8:40 0.224 0.028 X
23/07/2015 9:18 0.266 X
20/08/2015 9:00 0.590 X
13/09/2015( 10:00 0.295 0.189 X
30/10/2015| 13:05 0.248 0.071 X
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Hydrometric Station HC-5.0 Metadata

Rating Curve
1.0

Q = 4.673%(h)*"**

0.6

0.2

0.0 T T |

0.0 0.5 1.0 1.5
Discharge (m3/s)

Continuous Discharge Record vs. Spot Flow Measurements

2500

—— HC-5.0 measured
—— Baseflow (GW + Interflow)
2000 - © Manual Flow measurement

1500 4 |9

1000

500

O
O 1 T . T T T T T T T T T T T
Apr-11 Oct-11 Apr-12 Oct-12 Apr-13 Qct-13 Apr-14 Oct-14 Apr-15 Oct-15




Hydrometric Station HC-5.0 Metadata

Rating Curve Control on Measured Stage

1.0
HC-5.0
0.8 -
Rating control to 0.750 m for 2011 to 2013,
100% of observations covered by rating curve
~ 06 41— e e e
E
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Hydrometric Station HC-5.0 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station HC-5.0 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station HC-5.0 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year Apr May Jun Jul Aug Sep Oct Nov | Annual
Average - 0.634 0.53 0.40 0.36 0.14 0.13 | 0.086 0.33
2011 |Maximum - 3.198 1.82 1.31 2.05 0.18 0.58 | 0.155 3.20
Minimum - 0.217 0.19 0.14 0.18 0.10 0.05 | 0.044 0.04
Average - 0.614 0.25 0.28 0.14 0.24 0.30 -- 0.31
2012 |Maximum - 2.603 0.97 1.50 1.08 0.50 0.72 -- 2.60
Minimum - 0.187 0.13 0.09 0.07 0.17 0.15 -- 0.07
Average -- 0.708 0.27 0.32 0.21 0.28 0.17 -- 0.33
2013 |Maximum -- 2.034 1.98 2.00 1.49 0.49 0.24 -- 2.03
Minimum -- 0.273 0.11 0.13 0.09 0.19 0.12 -- 0.09
Average -- 0.334 0.11 0.22 0.10 0.19 0.08 -- 0.17
2014 |Maximum -- 0.977 0.66 1.06 0.29 0.69 0.25 -- 1.06
Minimum -- 0.098 0.05 0.06 0.06 0.11 0.03 -- 0.03
Average -- 0.22 0.14 0.38 0.36 0.23 0.14 -- 0.25
2015 |Maximum -- 1.64 2.11 2.98 2.04 0.61 0.39 -- 2.98
Minimum -- 0.05 0.02 0.04 0.08 0.11 0.07 -- 0.02
Unit Yield (L/s/km?)
Average -- 23.47 19.5 14.8 13.3 5.2 4.8 3.202 12.0
2011  [Maximum -- 118.4 67.3 48.5 76.1 6.9 21.3 | 5.744 118.4
Minimum -- 8.024 6.9 5.2 6.6 3.5 1.9 1.631 1.6
Average -- 22.73 9.4 10.4 5.1 9.0 11.3 -- 11.3
2012 |Maximum -- 96.41 35.8 55.7 40.0 18.7 26.7 -- 96.4
Minimum -- 6.936 4.8 3.3 2.6 6.4 55 -- 2.6
Average -- 26.23 9.8 12.0 7.8 10.5 6.5 -- 12.1
2013 |Maximum -- 75.32 73.2 74.2 55.3 18.1 9.1 -- 75.3
Minimum -- 10.12 4.2 4.8 3.4 7.1 4.3 -- 3.4
Average -- 12.39 4.1 8.1 3.7 7.0 3.1 -- 6.4
2014 |Maximum -- 36.19 24.6 394 10.6 254 9.1 -- 39.4
Minimum -- 3.629 1.9 2.2 2.1 4.0 1.0 -- 1.0
Average -- 8.1 5.3 14.0 13.3 8.7 5.2 -- 9.1
2015 |Maximum -- 60.8 78.2 | 1104 | 75.6 22.7 14.6 -- 110.4
Minimum -- 1.9 0.8 1.4 2.9 4.0 2.7 -- 0.8
Runoff (mm)
2011 -- 26.36 51 40 36 13 13 5 183
2012 -- 49.1 24 28 14 23 17 -- 155
2013 -- 15.86 25 32 21 27 10 -- 132
2014 -- 33.176 11 22 10 18 8 -- 102
2015 -- 9 14 38 36 23 14 -- 133

NOTE: Values in italics indicate that data for that month is not complete.




Hydrometric Station IC-1.5 Metadata

Station Name: IC-1.5 Hypsometric Curve
Location: Independence Creek
Basin Area (kmz): 81.1
UTM Easting: 572258 1.0 11C-1.5 Hypsometric Curve
UTM Northing: 6976969
Median Elevation (m asl): (1076 o 0.8 -
" o
Record Period: b
Spot Measurements 2010-Present £ 06 -
Continuous Record 2014-Present §
€ 0.4 -
Pressure Transducer: Solinst 8
Temperature Sensor: Yes g 02
Conductivity Sensor: Yes
Barologger: No
0.0 1
Measurement Interval:
Summer [15 minute ' ' ‘ ‘ ' '
Winter IRemoved 400 600 800 1000 1200 1400 1600 1800
Elevation (m asl)
Benchmark surveys
Date Gauge Height (m) |Change (m) Notes

06/06/2015 97.898

Catchment Slope Aspects (Quadrants in degrees)
North (315-45) East (45-135) South (135-225) | West (225-315)
46% 12% 24% 18%

Open Water Photo Winter Photo
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Hydrometric Station IC-1.5 Metadata

Manual Measurements

Date Time | Stage (m)| Discharge (m%s) | Salt Dilution | MMB FlowMate| Pygmy [Price AA
10/11/2010| 15:27 0.055 X
14/12/2010| 12:51 0.061 X
21/06/2011| 14:30 2.448 X
19/07/2011| 16:37 1.569 X
25/08/2011| 17:32 1.510 X
21/09/2011| 10:30 0.279 X
19/10/2011| 15:35 0.204 X
29/11/2011| 12:40 0.048 X
07/05/2012| 18:53 0.580 X
23/06/2012 8:44 0.845 X
19/07/2012 9:47 1.528 X
24/08/2012 9:53 0.351 X
19/09/2012| 16:39 1.072 X
17/10/2012| 17:07 0.375 X
25/01/2013| 11:58 0.053 X
14/02/2013| 11:45 0.025 X
12/06/2013| 12:20 0.715 X
01/08/2013 8:40 0.647 X
27/09/2013| 15:26 0.683 X
29/10/2013| 13:17 0.179 X
06/06/2014| 10:20 0.543 0.468
27/06/2014 9:00 0.791 X
24/07/2014] 17:00 0.589 0.596 X
20/08/2014| 11:24 0.552 0.448 X
25/09/2014| 12:10 0.546 0.378 X
23/10/2014] 18:00 0.454 0.164 X
30/04/2015| 17:00
18/05/2015| 14:00 0.690 1.186 X
25/06/2015| 13:55 0.443 0.158 X
23/07/2015| 15:53 0.575
20/08/2015| 14:00 1.050
14/09/2015( 12:30 0.603




Hydrometric Station IC-1.5 Metadata

Rating Curve
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Hydrometric Station IC-1.5 Metadata

Rating Curve Control on Measured Stage
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Hydrometric Station IC-1.5 Metadata

Flow Duration Curves - Synthetic vs. Measured Discharge
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Hydrometric Station IC-1.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station IC-1.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station IC-1.5 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year Apr May Jun Jul Aug Sep Oct Nov | Annual
Average -- -- 0.95 0.91 0.54 0.80 0.39 | 0.149 0.62
2014 |Maximum -- -- 4.69 3.13 1.68 3.22 1.04 | 0.55 4.69
Minimum -- -- 0.30 0.27 0.34 0.39 0.15 | 0.077 0.08
Average -- 0.77 0.57 2.17 1.59 1.05 0.67 -- 1.14
2015 |Maximum -- 4.17 7.65 | 13.04 | 9.07 3.12 1.94 -- 13.04
Minimum -- 0.14 0.08 0.31 0.37 0.56 0.30 -- 0.08
Unit Yield (L/s/km?)
Average -- -- 11.7 11.3 6.7 9.8 4.8 1.841 7.7
2014 |Maximum -- -- 57.9 38.5 20.7 39.7 12.9 | 6.785 57.9
Minimum -- -- 3.7 3.3 4.2 4.8 1.9 0.954 1.0
Average -- 9.5 7.1 26.8 19.6 13.0 8.2 -- 14.0
2015 |Maximum -- 514 94.3 | 160.8 | 111.9 | 384 23.9 -- 160.8
Minimum -- 1.7 0.9 3.8 4.6 6.9 3.7 -- 0.9
Runoff (mm)
2014 -- -- 25 30 18 26 13 2 114
2015 -- 9 18 72 52 34 22 -- 207

NOTE: Values in italics indicate that data for that month is not complete.




Hydrometric Station IC-2.5 Metadata

Station Name: IC-2.5 Hypsometric Curve
Location: Independence Creek
Basin Area (kmz): 17.3
UTM Easting: 572782 1.0 1 1C-2.5 Hypsometric Curve
UTM Northing: 6978036
Median Elevation (m asl): [971 © 08 A
Record Period: g
Spot Measurements 2011-Present £ 06
Continuous Record 2014-Present §
S 04 -
Pressure Transducer: Solinst ot
Temperature Sensor: Yes E 0.2 -
Conductivity Sensor: Yes
Barologger: No
Measurement Interval: 0.0 1
Summer |15 minute ‘ ' ' '
Winter IRemoved 400 600 800 1000 1200 1400
Elevation (m asl)
Benchmark surveys
Date Gauge Height (m) |Change (m) Notes
07/06/2014 99.412
14/09/2015 99.413 0.001 no movement

Catchment Slope Aspects (Quadrants in degrees)
North (315-45) East (45-135) South (135-225) | West (225-315)
43% 10% 19% 28%

Open Water Photo Winter Photo




Kilometers




Hydrometric Station IC-2.5 Metadata

Manual Measurements

Date Time | Stage (m)| Discharge (m%s) | Salt Dilution | MMB FlowMate| Pygmy [Price AA
21/06/2011| 16:10 0.436 X
19/07/2011| 17:42 0.264 X
21/09/2011| 12:00 0.042 X
19/10/2011| 16:45 0.006 X
29/11/2011| 12:07 0.000
29/02/2012| 15:35 0.000
16/05/2012 9:20 0.316 X
23/06/2012 9:47 0.109 X
18/07/2012| 17:21 0.333 X
24/08/2012 9:11 0.035 X
19/09/2012| 15:49 0.320 X
17/10/2012| 12:11 0.049 X
22/11/2012| 11:53 0.000
13/06/2013| 17:13 0.062 X
01/08/2013| 10:31 0.336 X
22/08/2013| 12:11 0.113 X
27/09/2013| 14:13 0.130 X
07/06/2014 9:50 0.270 0.016 X
27/06/2014 0.610 0.242 X
24/07/2014] 18:30 0.421 0.131 X
20/08/2014] 13:30 0.344 0.061 X
25/09/2014] 11:20 0.413 0.086 X
22/10/2014] 18:00 0.287 0.016 X
18/05/2015 0.095 X
25/06/2015| 16:30 0.223 0.007 X
22/07/2015 0.370
20/08/2015]| 13:00 0.800 0.712 X
14/09/2015( 10:30 0.403 0.167 X
30/10/2015| 12:20 0.260 0.012 X




Hydrometric Station IC-2.5 Metadata

Rating Curve
NOTE: Slope-area method was used to calculate bankfull discharge, but was superseded by a manual measurement.
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Hydrometric Station IC-2.5 Metadata

Rating Curve Control on Measured Stage
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Hydrometric Station IC-2.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station IC-2.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station IC-2.5 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year Apr May Jun Jul Aug Sep Oct Nov | Annual
Average - -- 0.15 0.18 0.10 0.14 0.07 -- 0.12
2014 |Maximum - -- 0.26 0.66 0.22 0.34 0.15 -- 0.66
Minimum - -- 0.08 0.06 0.06 0.09 0.02 -- 0.02
Average - 0.10 0.08 0.27 0.23 0.17 0.09 -- 0.16
2015 |Maximum - 0.50 1.14 0.82 0.73 0.35 0.24 -- 1.14
Minimum - 0.00 0.00 0.07 0.08 0.09 0.02 -- 0.00
Unit Yield (L/s/km?)
Average -- -- 8.6 10.3 5.6 7.8 3.8 -- 7.2
2014 |Maximum -- -- 15.0 38.2 12.7 19.4 8.8 -- 38.2
Minimum -- -- 4.7 3.7 3.4 5.0 1.2 -- 1.2
Average -- 5.5 4.4 15.5 13.6 9.7 5.2 -- 9.0
2015 |Maximum -- 28.7 65.7 47.1 42.3 20.1 14.1 -- 65.7
Minimum -- 0.3 0.0 4.0 4.7 5.1 1.2 -- 0.0
Runoff (mm)
2014 -- -- 3 28 15 20 7 -- 73
2015 -- 7 11 42 36 25 14 -- 135

NOTE: Values in italics indicate that data for that month is not complete.
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Hydrometric Station IC-4.5 Metadata

Station Name: IC-4.5 Hypsometric Curve
Location: Independence Creek
Basin Area (kmz): 222.3
UTM Easting: 579384 1.0 {1C-4.5 Hypsometric Curve
UTM Northing: 6983229
Median Elevation (m asl): {1009 T 08

Record Period: <
Spot Measurements 2010-Present % 0.6 -
Continuous Record 2011-Present =

T 04 -
Pressure Transducer: Solinst g
Temperature Sensor: Yes & 02 |
Conductivity Sensor: Yes
Barologger: Yes 00 |
Measurement Interval: ’

Summer |15 minute

Winter IRemoved 200 400 600 800 1000 1200 1400 1600 1800

Elevation (m asl)

Benchmark surveys

Date Gauge Height (m) |Change (m) Notes
21/09/2011 97.705
23/06/2012 97.721 0.016 Staff gauge reinstalled
19/09/2012 97.724 0.003
30/05/2013 99.713 1.989
26/09/2013 99.826 0.113 Staff gauge reinstalled
13/09/2015 99.851 0.025 SG moved up

Catchment Slope Aspects (Quadrants in degrees)
North (315-45) East (45-135) South (135-225) West (225-315)
42% 14% 28% 16%

Open Water Photo Winter Photo







Hydrometric Station IC-4.5 Metadata

Manual Measurements

Date Time | Stage (m)| Discharge (m%s) | Salt Dilution | MMB FlowMate| Pygmy [Price AA
09/11/2010| 15:17 0.132 X
14/12/2010| 10:45 0.076 X
20/04/2011 0.058
19/05/2011
20/05/2011
21/06/2011
20/07/2011 8:52 0.598 2.032 X
26/08/2011 8:45 0.702 3.555 X
21/09/2011| 13:47 0.422 0.890 X
19/10/2011| 13:52 0.295 0.258 X
29/11/2011| 11:02 0.002 X
29/02/2012 9:52
26/03/2012| 10:05
20/04/2012| 10:07 0.775 X
16/05/2012| 10:44 0.655 3.546 X
23/06/2012| 10:57 0.530 1.662 X
18/07/2012| 16:10 1.802 X
23/08/2012| 16:40 0.371 0.739 X
19/09/2012| 14:16 0.746 3.492 X
17/10/2012| 10:26 0.395 0.842 X
10/04/2013| 15:25
12/06/2013| 16:08 0.499 1.423 X
31/07/2013| 18:32 0.522 X
21/08/2013| 15:54 0.439 0.961 X
26/09/2013| 14:46 0.567 1.521 X
28/10/2013| 13:45 0.268 X
26/11/2013| 15:06 0.011 X
21/05/2014] 16:50 0.663 2.770 X
20/08/2014| 16:49 0.398 0.763 X
25/09/2014 9:25 0.509 1.091 X
22/10/2014| 15:45 0.285 0.556 X
25/11/2014] 12:30 0.033 X
20/12/2014| 13:27
29/04/2015]| 15:00 0.302 X
19/05/2015( 12:00 0.551 1.810 X
26/06/2015| 17:50 0.209 0.115 X
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Discharge (L/s)

Hydrometric Station IC-4.5 Metadata

Rating Curve
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Hydrometric Station IC-4.5 Metadata

Rating Curve Control on Measured Stage

2.0
. IC-4.5

1.6
1.4 4

1.2 1 Rating control to 0.736 m.
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40

Hydrometric Station IC-4.5 Metadata

Flow Duration Curves - Synthetic vs. Measured Discharge
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Hydrometric Station IC-4.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station IC-4.5 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station IC-4.5 Metadata

Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Discharge (m?/s)

Year Apr May Jun Jul Aug Sep Oct Nov | Annual
Average 211 5.805 | 5.49 3.85 3.77 1.19 0.53 -- 3.25
2011 [Maximum| 6.54 |32.512| 32.72 | 13.45 | 8.88 211 0.91 -- 32.72
Minimum | 0.00 |1.8481| 1.20 0.98 1.67 0.69 0.33 -- 0.00
Average 0.63 |4.0081| 2.92 3.97 1.40 2.46 1.17 | 0.306 2.11
2012 [Maximum| 1.92 |16.864| 10.82 | 25.28 | 15.44 | 9.02 2.87 | 0.504 25.28
Minimum | 0.05 |0.4048| 0.80 0.70 0.51 1.16 0.34 | 0.214 0.05
Average -- 8.0713| 3.59 4.08 1.89 2.18 1.37 | 0.317 3.07
2013 |Maximum -- 29.663| 15.29 | 16.81 | 18.11 | 4.28 2.88 | 0.744 29.66
Minimum -- 0.0547| 0.73 0.88 0.52 1.27 0.57 | 0.129 0.05
Average 2.123 3.57 2.58 2.84 1.29 2.24 0.62 | 0.191 1.93
2014 [Maximum | 4.952 | 12.97 | 10.68 | 10.09 | 3.96 9.91 1.94 | 0.421 12.97
Minimum | 0.028 | 0.6686| 0.61 0.65 0.72 0.88 0.20 | 0.063 0.03
Average 1.926 2.42 1.44 5.79 4.57 2.70 1.05 -- 2.84
2015 [Maximum | 2.095 | 18.78 | 19.66 | 26.53 | 23.60 | 6.38 3.31 -- 26.53
Minimum | 1.695 0.47 0.17 0.78 1.05 1.51 0.31 -- 0.17
Unit Yield (L/s/km?)
Average | 9.491 |26.113| 24.7 17.3 17.0 5.4 2.4 -- 14.6
2011 [Maximum | 29.4 |146.25| 147.2 | 60.5 40.0 9.5 4.1 -- 147.2
Minimum | 0.006 | 8.3137| 5.4 4.4 7.5 3.1 1.5 -- 0.0
Average 2.813 | 18.03 | 13.2 17.9 6.3 11.1 5.3 1.377 9.5
2012 [Maximum | 8.621 | 75.863| 48.7 | 113.7 | 69.5 40.6 129 | 2.268 113.7
Minimum | 0.207 | 1.821 3.6 3.1 2.3 5.2 1.6 0.962 0.2
Average -- 36.308| 16.2 18.4 8.5 9.8 6.2 1.427 13.8
2013 |Maximum -- 133.44| 68.8 75.6 81.4 19.3 12.9 | 3.347 133.4
Minimum -- 0.246 3.3 4.0 2.4 5.7 2.6 0.581 0.2
Average | 9.552 | 16.06 | 11.6 12.8 5.8 10.1 2.8 0.858 8.7
2014 [Maximum | 22.27 | 58.346| 48.0 454 17.8 44.6 8.7 1.893 58.3
Minimum | 0.124 | 3.0077| 2.8 2.9 3.2 4.0 0.9 0.283 0.1
Average | 8.666 10.9 6.5 26.0 20.6 12.1 4.7 -- 12.8
2015 [Maximum | 9.423 84.5 88.5 | 119.3 | 106.1 | 28.7 14.9 -- 119.3
Minimum | 7.624 2.1 0.8 3.5 4.7 6.8 1.4 -- 0.8
Runoff (mm)
2011 9 69.942( 64 46 45 14 4 -- 253
2012 4 48.291| 34 48 17 29 14 4 198
2013 -- 97.248 | 42 49 23 25 17 2 255
2014 11 43.014| 30 34 16 26 7 2 169
2015 1 29 17 70 55 31 13 -- 216

NOTE: Values in italics indicate that data for that month is not complete.




Hydrometric Station YT-24 Metadata

Station Name: YT-24 Hypsometric Curve
Location: Yukon R. Trib. 24
Basin Area (kmz): 11.8
UTM Easting: 589677 1.0 {1 YT-24 Hypsometric Curve
UTM Northing: 6979153
Median Elevation (m asl): (812 3 0.8 1

Record Period: b
Spot Measurements 2014-Present S 06 -
Continuous Record 2014-Present =

€ 04
Pressure Transducer: Solinst g
Temperature Sensor: Yes o 0.2 1
Conductivity Sensor: Yes
Barologger: No 0.0 -
Measurement Interval: | | | | |
Summer |15 minute 200 400 600 800 1000 1200 1400
Winter [Removed
Elevation (m asl)
Benchmark surveys

Date Gauge Height (m) |Change (m) Notes

15/09/2015 98.200

Catchment Slope Aspects (Quadrants in degrees)

North (315-45) East (45-135) | South (135-225) | West (225-315)
54% 21% 20% 5%

High Flow Photo Low Flow Phot

NOTE: This site goes dry during the winter, and therefore no winter photo is available.



Kilometers




Hydrometric Station YT-24 Metadata

Manual Measurements

Date Time | Stage (m) Discharge (m®/s) | Salt Dilution| MMB FlowMate Pygmy | Price AA
06/07/2014| 13:30 0.003 X
27/06/2014| 13:50 0.431 0.087 X
23/07/2014| 18:40 0.390 0.030 X
22/08/2014| 10:36 0.380 0.016 X
26/09/2014| 11:05 0.395 0.019 X
24/10/2014 9:30 0.348 0.002 X
29/04/2015| 13:00 0.344 0.005 X
19/05/2015| 13:30 0.401 0.030 X
26/06/2015 9:25 0.377 0.009
23/07/2015 8:22 0.410
20/08/2015| 16:30
11/09/2015| 10:00 0.436 0.071 X
13/09/2015| 11:30 0.429 0.060 X
30/10/2015| 15:00 0.388 0.011 X
Slope-Area 0.640 1.967




Hydrometric Station YT-24 Metadata

Rating Curve
NOTE: Rating curve extended using the slope-area method from a channel survey conducted in 2015.
Grey triangle indicates stage measurement and flow estimate from August 20, 2015.
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Hydrometric Station YT-24 Metadata

Rating Curve Control on Measured Stage

0.65
YT-24
0.60 A

0.55 -

Rating control to 0.436 m.
77% of observations covered by rating curve
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Baseflow comparison - winter spot flows vs. synthetic discharge record

NOTE: This stream experiences extensive aufeis conditions during the winter,
and therefore no flow measurements are possible.
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Hydrometric Station YT-24 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Hydrometric Station YT-24 Metadata

Piece-wise Ranked Regression Plots by Month
NOTE: Site:Regional station unit yield has been extended to match maximum measured yield at the regional station.
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Monthly Summaries of Measured Discharge, Unit Yield and Runoff

Hydrometric Station YT-24 Metadata

Discharge (m?/s)

Year

Apr May Jun Jul Aug Sep Oct Nov Annual
Average -- -- 0.03 0.04 0.02 0.03 0.01 -- 0.03
2014 |Maximum -- -- 0.07 0.32 0.09 0.11 0.30 -- 0.32
Minimum -- -- 0.01 0.00 0.01 0.01 0.00 -- 0.00
Average | 0.0286 0.08 0.03 0.11 0.12 0.09 0.04 -- 0.07
2015 [Maximum | 0.0657 1.50 0.72 1.09 0.87 0.26 0.13 -- 1.50
Minimum | 0.0059 0.00 0.00 0.02 0.02 0.02 0.01 -- 0.00
Unit Yield (L/s/km?)
Average -- -- 2.3 3.1 2.0 2.2 1.0 -- 2.1
2014 [Maximum -- -- 5.9 27.3 7.4 9.0 25.6 -- 27.3
Minimum -- -- 0.8 0.4 0.9 0.5 0.0 -- 0.0
Average 2.4 6.7 2.9 9.0 9.8 8.0 3.3 -- 6.0
2015 |Maximum 5.6 127.1 60.8 92.2 73.6 22.5 11.2 -- 127.1
Minimum 0.5 0.2 0.1 1.4 1.4 2.1 1.0 -- 0.1
Runoff (mm)
2014 -- -- 1 8 5 6 2 -- 22
2015 0.4 18 8 24 17 21 9 -- 97

NOTE: Values in italics indicate that data for that month is not complete.
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Executive Summary

This memo presents the data collected in 2016 by the climate and streamflow baseline
monitoring program at the Coffee Gold Project (the Project). The baseline program was
unmodified from 2015, with the exception of two additional continuous hydrometric
stations that were installed in Upper Latte tributary and in the upper reach of YT-24. This
brings the total number of hydrometric stations instrumented with continuous water level
recorders to 13. The meteorological station operated through the winter, and the tipping
bucket rainfall gauges were again installed at Camp (425 m) and at the ridgetop (1,200 m)
and operated from May through September. Four snow courses were surveyed on April 1%
to provide end-of-winter snow water equivalent (SWE) values, and a fifth was surveyed on
May 1%,

In 2016, the average annual temperature was -0.5 °C, which is substantially higher than the
long-term estimated average of -2.6 °C. The average daily (15-minute) minimum and
maximum temperatures were -25.9 °C (-30.0 °C) and 19.1 °C (24.9 °C), respectively.
Annual precipitation totaled 378 mm at the meteorological station elevation (975 m asl).
The October 2015 to March 2016 precipitation total was 107.7 mm, which compares well
with the April 1% SWE measured at the same site (98 mm). April to September precipitation
totaled 267.2 mm at 975 m asl. The largest daily precipitation event occurred on October
19", 2016 (25.7 mm) as snow, and the largest daily rainfall occurred on June 6™, 2016
(18.0 mm).

Streamflows at the Project site conformed to the general annual progression presented in
the main baseline report (Lorax 2016), however the freshet occurred slightly earlier than
in past years by approximately 1-2 weeks, and was of relatively lower magnitude. Overall,
open water season runoff (May to October) for 2016 was generally slightly lower (89%)
than that measured in 2015, and much higher than that measured in 2014 (161% on
average). In 2016, unit yields across the project site averaged 9.2 L/s/lkm? for the open
water season (May to October), and ranged from 5.5 to 13.3 L/s/km?.

In Lorax (2016), the site streamflow data were extended using statistical relationships with
the Indian River above the Mouth WSC gauge (09EBO003) to create long-term synthetic
streamflow record for the 11 Project hydrometric stations. The water balance model
(WBM), which was used to estimate the potential streamflow alterations associated with
the proposed Project, and formed the basis of the water quality model, was calibrated to
these synthetic streamflow series. As a confirmation exercise, the 2016 baseline streamflow
data were compared to the preliminary 2016 data for the predictor station (Indian River at
the Mouth; 09EBO003) that the synthetic data are based on.
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The hydro-climatic data collected in 2016 did not indicate the occurrence of an extreme
event (e.g., wet- or dry-year, high-magnitude rainfall, etc.), and so the recurrence interval
estimates of annual runoff, peak and low flows, rainfall events, annual precipitation and
end-of-winter SWE that are presented in Lorax (2016) have not been updated.
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1. Introduction

1.1 Background

Goldcorp Inc. (Goldcorp) is in the process of developing and permitting the Coffee Gold
Project (Project), a proposed heap leach operation located in west-central Yukon,
approximately 130 km south of Dawson City. The Coffee Gold Project contains several
gold occurrences within an exploration concession covering an area more than 600 km?,

The Project is located in the Yukon-Tanana Terrane (YTT), an accreted pericratonic rock
sequence that covers a large portion of the Omineca Belt in the Yukon and extends into
Alaska and British Columbia. The YTT underlies part of the Tintina gold belt and hosts
multiple gold deposits, including the Sonora Gulch gold deposit, the Casino copper-gold-
molybdenum porphyry, the Boulevard gold prospect, and the Golden Saddle gold deposit.
The Project is also located within the traditional territory of the Tr'ondék Hwéch’in and
the asserted traditional territory of the White River First Nation. A portion of Goldcorp’s
claim block is located in Selkirk First Nation’s traditional territory.

The Project has undergone a detailed Feasibility Study (Coffee Gold 43-101 FS) with
project engineering and design progressing with full consideration of environmental
conditions within the project area. In parallel to exploration activities and feasibility
studies, Goldcorp launched a full suite of baseline programs (e.g., meteorology, hydrology,
surface water quality, groundwater, soils, air, fish and fish habitat, wildlife) to characterize
site conditions. Ultimately, outputs from these baseline studies will be used to define
environmental benchmarks that potential Project effects may be measured against.

1.2 Baseline Monitoring Program - 2016

This technical data report presents the data and outputs from the Coffee Gold baseline
meteorology and surface hydrology monitoring studies for 2016, and forms a
supplementary appendix to the Hydrometeorology Baseline Report (Lorax, 2016). As of
February 2017, Goldcorp possesses 5+ years of climate data and six years of hydrometric
data from the Project area.

In 2016, twelve monthly sampling trips were made, and focused on the core activities of
the two baseline monitoring studies. Typical activities for these site visits include: climate
station downloading and sensor maintenance; winter snow course sampling; hydrometric
station downloading and maintenance; station benchmarking and levelling surveys; the
collection of stage and discharge measurements to validate and enhance rating curves; and
the collection of surface water quality samples. In addition to the eleven continuously

1-1
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recording hydrometric stations described in Lorax (2016), two new continuously recording
water level sensors were installed in Upper Latte Creek and Upper YT-24. This brings the
total number of hydrometric stations at the Project site to 13.

2-Mar-17 A405-3 LORAX
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2. Sources of Data, Methods, Outputs

Section 2.1 and Section 2.2 below identify monitoring stations and ancillary data sources
as they relate to the meteorology and hydrology disciplines. Field methods relevant to the
two disciplines, are described in Section 2.3 of the main report.

2.1 Baseline Meteorological Study

2.1.1 Site Meteorological Data

Figure 2-1 shows the location of the Coffee Creek automated weather station and snow
course stations. The weather station was installed at elevation 975 m asl and remains
operational today. The weather station was installed and maintained by Access Consulting
Group from July 2012 through May 2014. Lorax and Laberge Environmental Services
maintained the weather station from June 2014 to the present.

Measured parameters at the Coffee Creek weather station include the following:
e Air temperature and relative humidity (Rotronic HC2S3);
e Wind speed and direction (10 m; RM Young Alpine anemometer);
e Incoming solar radiation (Kipp and Zonen SP Lite2 pyranometer);
e Barometric pressure (RM Young 61302V);

e Precipitation (Texas Electronics tipping bucket rain gauge with Alter wind screen
and snowfall conversion adapter);

For the period of baseline data collection, weather station sensors were sampled at
10-second frequency with observations recorded to a central datalogger at hourly time step.

As in previous years, sSnow course measurements were carried out at the property following
Territory protocols (i.e., 10 sampling locations along a transect were sampled for depth and
snow water equivalent [SWE] then averaged). As shown in Figure 2-1, site snow courses
were established at various elevations (i.e., low, mid and high elevation) and oriented to
discern effects of aspect on local snow accumulation. Snow courses were surveyed at, or
near, peak seasonal accumulation between 2012 and the present. Similar to nearby
monitoring stations in Alaska and Yukon, peak SWE accumulation is typically realized by
the end of March of each year.

Finally, two tipping bucket rain gauges were installed at camp (430 m) and ridge-top
(1300 m) in 2015 to further refine the precipitation elevation gradient for the Project site,
and continued to be operated in the summer of 2016.

A map of the weather station and snow survey sites is presented in Figure 2-1.

2-1
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2.2 Baseline Hydrology Study

Table 2-1 summarizes station nomenclature and drainage characteristics for Coffee Creek
surface water monitoring stations. Furthermore, Figure 2-2 shows the location of these
monitoring station with respect to proposed Project infrastructure and mine footprints.

In autumn 2010, eleven locations were elected as surface water monitoring stations by
Access Consulting Group. At eight locations, spot flow measurements were recorded
monthly between autumn 2010 and autumn 2013. At three stations (HC-5.0, CC-3.5 and
IC-4.5) and in autumn 2010, Access Consulting Group established stilling wells, metric
staff gauges and instrumented stations with continuously recording water level recorders.
The purpose of the instrumentation as described in Section 2.1.1 was to resolve high-
resolution discharge records for these three stations from a rating curve and a continuous
record of water level.

In spring of 2014, Lorax Environmental assumed responsibility for the Coffee Creek
surface water monitoring network. At that time, eight additional monitoring stations were
added to the network and many of the stations in the network were upgraded from spot
flow stations to continuously recording hydrometric stations. In general, new stations were
located in close proximity to the resource and downstream of proposed mine footprint
areas.

In 2015, several additional sites were added on Halfway Creek (below the HC-2.5 station),
on YT-24 (above the YT-24 station), on Upper Latte Creek (above and below the CC-1.5
station), and on the Upper Latte Tributary (above the CC-1.0 station; Figure 2-2). Sampling
of these sites was initiated to further refine the apparent attenuation of certain parameters
along these reaches, and to determine whether these were gaining (streamflow increases
from groundwater inputs) or losing (streamflow reductions due to infiltration to
groundwater). Monthly water quality samples and manual flow measurements (when
possible) were taken throughout 2015 and 2016.

In the summer of 2016, staff gauges, benchmarks, stilling wells and continuous water level
recorders were installed at two of these stations (CC-C and YT-24-2; see Table 2-1 and
Figure 2-3 and Figure 2-4 for details). Sufficient data does not yet exist for these stations
with which to construct rating curves and develop preliminary estimates of discharge, but
sampling will continue throughout 2017.
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Table 2-1:

2-4

Coffee Gold Surface Water Monitoring Stations — Station IDs and Drainage Basin

Station
ID

CC-0.5°
cc-c?
CC-1.0w
CC-1.5%
CC-3.5°
CC-4.52
CC-5.0
CC-5.55
CC-6.0'
HC-2.5°
HC-5.0°
IC-0.5%
IC-1.5%
IC-2.5%
IC-3.0%
IC-4.5%
YT-24'
YT-24-22

Notes:

Drainage Area (km?)

385.6
3.36
3.4
23.1
69.8
484.0
6.2
3.4
9.6
14.8
27.0
68.9
81.1
17.3
18.3
222.3
11.8
4.0

Characteristics

Mean Elevation (m
asl)

1,023
1,058
1,017
1,120
969
993
1,221
1,236
1,225
1,043
885
1,048
1,077
1,003
905
989
838
1,071

@ Monitoring station established by Access Consulting Group in autumn 2010.
'Monitoring station established by Lorax Environmental in spring 2014.
2 Monitoring station established by Lorax Environmental in summer 2016.

" Discharge measured by V-notch weir

Min Elevation
(m)
446
763
732
712
447
427

1,042

1,056

1,042
664
428
522
522
493
465
427
428
757

Max Elevation

(m)
1,707
1,302
1,302
1,379
1,379
1,708
1,394
1,394
1,394
1,343
1,344
1,529
1,708
1,344
1,299
1,708
1,305
1,305

"Monitoring stations located along proposed southern road route. Stations monitored between August 2014 and August 2015 only.

* Spot flow monitoring station only.
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Figure 2-4.  T-24-2 Hydrometric station
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2.2.1 Hydrometric Data Collection

The methods used to collect and QA/QC the hydrometric data collected in support of the
Project are described in the main body of the hydro-meteorology baseline report, as are the
methods used to develop rating curves. All methods as described previously were applied
to the 2016 hydrometric data, with one exception, which is described below in Section
2.2.2.

2.2.2 Zero Flow Rating Curve Estimation

As described in the main report, zero flow conditions occur at some Project stations during
the winter season (e.g., HC-5.0), but it is notable that no zero flow condition has been
observed during the open water season. It is standard hydrometric practice to extend the
rating curve through the zero flow point on the plot to ensure that the rating equation
accurately estimates streamflows that fall below the lowest measured discharge on record.
This is particularly important in light of the fact that accurate definition of the low-flow
condition plays a critical role in determining the available dilutive capacity in the receiving
streams during ecologically sensitive periods (i.e., summer low flows), and the use of open
water season low flows as a calibration target for the numerical groundwater model
developed in support of the EA application. In the absence of field measurements
documenting zero flow stage a curve fitting approach was used to establish zero-flow
stages for rating curve development.

As illustrated in Figure 2-5 below, a graphical technique for determining the gauge height
for zero flow is outlined in RISC (2009). As shown in the figure, field measurements of
stage (Y axis) and discharge (X axis) are plotted and three discharges in geographic
progression are selected. Horizontal and vertical lines plotted through selected discharges
create points of intersection, and diagonal lines drawn through points of intersection
indicate a zero flow stage. This curve fitting approach was applied to field measurements
collected per hydrometric station and zero flow stages were isolated. As a final step and
subsequent to curve fitting, available stage data were appropriately adjusted to a new frame
of reference and rating curve equations were computed per station using the SigmaPlot
10.0 software package.
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Figure 2-5:  Conceptual diagram illustrating a curve-fitting approach to assign
zero flow stage (from RISC, 2009).

This process was undertaken for all hydrometric stations at the Project site, with the
exception of CC-1.0, which is gauged by a VV-notch weir. The zero flow fitted rating curves
for the site hydrometric stations are presented in Figure 2-6 through Figure 2-16 for the
entire baseline monitoring period. Note that station CC-1.0 is instrumented with a V-notch
weir, and therefore a rating curve has not been developed for this station.
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Figure 2-6:  Rating curve for hydrometric station CC-0.5 (2014-2016).
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Rating curve for hydrometric station CC-1.5 (2014-2016).
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Figure 2-8:  Rating curve for hydrometric station CC-3.5 (2014-2016).
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Figure 2-9:  Rating curve for hydrometric station CC-6.0 (2014-2016).
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Figure 2-10: Rating curve for hydrometric station HC-2.5 (2014-2016).
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Figure 2-11: Rating curve for hydrometric station HC-5.0 (2011-2013).

2-Mar-17 A405-3 LORAX



SOURCES OF DATA, METHODS, OUTPUTS

CoFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT — 2016 DATA SUMMARY 2-12
0.30
Q = 2.874*(h-0.20)"*"2
0.25
0.20
£ :
0 0.15 °
o
n )
@
0.10 3 .®
0.05 4 ryd
®
()
0.00 . : . ; 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Discharge (m?/s)
Figure 2-12: Rating curve for hydrometric station HC-5.0 (2014-2016).
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Figure 2-13: Rating curve for hydrometric station 1C-1.5 (2014-2016).
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Figure 2-14: Rating curve for hydrometric station 1C-2.5 (2014-2016).
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Figure 2-15: Rating curve for hydrometric station 1C-4.5 (2011-2016).
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Figure 2-16: Rating curve for hydrometric station YT-24 (2014-2016). Grey
triangle indicates an estimate of 0.9 m3/s made on August 20, 2015.
Rating curve does not include this point.

2.2.3 Rating Curve Error

The overall quality of the discharge records generated by applying the rating curves
described in Section 2.2.2 to the measured water level record can be assessed by reviewing
the average and standard errors calculated from the differences between the measured
discharges, and those estimated from the rating equation. A positive rating curve error is
defined where the discharge calculated from the rating curve overestimates the value when
compared to the measured discharge, and vice-versa for a negative error.

A summary of the error metrics for all stations is presented in Table 2-2, with reporting for
each station in Table 2-3 through Table 2-12. All stations (except CC-0.5 and IC-1.5) have
the recommended minimum of 10 discrete stage-discharge measurements required to
construct a robust rating curve (RISC, 2009). Overall, the rating curves provide reasonable
estimates of discharge across a wide range of flows at the Project stations. The rating curve
errors presented in Table 2-2 indicate that the average errors are relatively low, ranging
from -11% to 5%. The standard error, or the degree of variability about the average error
values varies more between stations, from a high of 42% for stations CC-3.5 and IC-2.5,
to a low of 11% for station CC-0.5.
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The Manual of British Columbia Hydrometric Standards (RISC, 2009) defines the standard
requirements for hydrometric data quality grades. Based on the criteria presented in Table
1 of that document, the hydrometric data collected for the Coffee Gold Project meet the
criteria for Grade A data when the average rating curve error is < 7%, and Grade B data

when the error is > 7% and < 15%.

Date

05/06/2014
25/06/2014
23/07/2014
21/08/2014
26/09/2014
23/10/2014
24/11/2014
25/02/2015
30/04/2015
24/06/2015
22/07/2015
19/08/2015
28/10/2015
22/06/2016
25/08/2016

Notes:

Station

CC-0.5
CC-15
CC-35
CC-6.0
HC-2.5
HC-5.0
IC-1.5
IC-2.5
IC-4.5
YT-24

Average

Measurements (n)

9
10
28
12
15
24

8
15
18
14

153

Stage (m)

0.403
0.382
0.563
0.480
0.458
0.395

0.385
0.428
0.492
0.692
0.399

0.551

Table 2-2:
Rating curve error metric summary for Coffee Gold Project site
hydrometric stations

Average Error (%)

0%
-2%
11%
-4%
4%
5%
2%
-2%
2%
2%
0%

Table 2-3:
Rating curve error metric summary hydrometric station CC-0.5

Discharge (m?/s)

1.233
0.745
2.848
1.960
1.616
1.063
0.050
0.004
0.954
1.506

1.634
2.432

Average Error (%)
Standard Error (%)

11%
21%
42%
25%
31%
22%
12%
42%
14%
19%
24%

Rating Curve
Discharge (m?%/s)

1.064
0.874
3.012
1.907
1.648
0.993

0.901
1.320

Standard Error (%0)

Rating Curve
Error (%)

-14%
17%
6%
-3%
2%
-1%
-6%
-12%

17%
0%
11%

1. Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve

development or error calculation.
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Table 2-4:
Rating curve error metric summary hydrometric station CC-1.5
Date Stage (m) Discharge (m?%/s) Diiﬁ;?ggla;\gis) Rgtr':]grc(:% )V €
26/06/2014 0.650 1.584 1.831 16%
24/07/2014 0.465 0.185 0.171 -71%
21/08/2014 0.441 0.103 0.098 -5%
25/09/2014 0.472 0.225 0.197 -12%
23/10/2014 0.384 0.031 NA NA
24/11/2014 - 0.013 - -
17/05/2015 0.525 0.604 0.476 -21%
25/06/2015 0.587 0.783 1.012 29%
23/07/2015 0.447 - - -
19/08/2015 0.545 - - -
12/09/2015 0.445 0.211 0.209 -1%
27/11/2015 0.31 0.018 NA NA
02/04/2016 - 0.013 - -
26/04/2016 - 0.285 - -
26/05/2016 - 0.276 - -
22/06/2016 0.385 - - -
20/07/2016 0.475 0.277 0.353 28%
25/08/2016 0.43 0.232 0.154 -34%
15/09/2016 0.425 0.163 0.138 -15%
20/10/2016 0.324 - - -
08/11/2016 - 0.021 - -
10/12/2016 - 0.015 - -
Average Error (%) -2%
Standard Error (%) 21%

Notes:
1.  Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.
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Table 2-5:
Rating curve error metric summary hydrometric station CC-3.5
Date Stage (m) Discharge (m®/s) Diiﬂg?gg?r;\gfs) Rating C(;'; )V e Error
11/10/2010 -- 0.095 -- --
12/10/2010 0.321 - - --
11/11/2010 -- 0.021 -- --
15/12/2010 - 0.014 - --
19/04/2011 0.282 -- -- --
19/05/2011 0.755 - - --
22/06/2011 0.840 5.339 5.194 -3%
20/07/2011 0.582 1.206 0.887 -26%
26/08/2011 0.584 0.965 0.902 -7%
22/09/2011 0.412 0.286 0.168 -41%
20/10/2011 0.332 - - --
28/11/2011 0.330 0.008 NA NA
20/12/2011 0.310 -- -- --
29/02/2012 - 0.000 - --
26/03/2012 -- 0.000 -- --
19/04/2012 0.560 0.069 NA NA
07/05/2012 0.475 0.410 0.333 -19%
07/05/2012 0.478 - - --
22/06/2012 0.530 0.809 0.565 -30%
18/07/2012 0.592 1.257 0.963 -23%
23/08/2012 0.380 0.109 0.114 4%
21/09/2012 0.556 0.800 0.712 -11%
16/10/2012 0.344 0.203 NA NA
20/11/2012 - 0.036 - --
10/04/2013 -- 0.000 -- --
29/05/2013 0.736 2.352 2.748 17%
13/06/2013 0.533 0.534 0.578 8%
01/08/2013 0.593 0.491 0.967 97%
21/08/2013 0.427 0.134 0.198 48%
26/09/2013 0.337 0.337 0.431 28%
28/10/2013 0.197 0.094 NA NA
25/11/2013 -- 0.017 -- --
08/01/2014 - 0.010 - --
10/03/2014 -- 0.001 -- --
22/05/2014 0.450 0.884 1.072 21%
05/06/2014 0.178 0.090 0.028 -68%
25/06/2014 0.178 0.078 0.028 -63%
23/07/2014 0.306 0.322 0.310 -4%
21/08/2014 0.233 0.171 0.108 -37%
26/09/2014 0.243 - - --
23/10/2014 0.155 0.058 NA NA
24/11/2014 0.144 0.023 0.006 -714%
30/04/2015 0.276 0.13 0.213 64%
17/05/2015 0.391 0.681 0.698 2%
24/06/2015 0.127 0.04 0.001 -97%
19/08/2015 0.353 -- -- --
12/09/2015 0.275 0.447 0.210 -53%
28/10/2015 0.178 0.113 NA NA
25/04/2016 0.412 0.865 0.821 -5%
25/05/2016 0.337 0.583 0.431 -26%
20/07/2016 0.313 -- -- --
25/08/2016 0.263 0.186 0.177 -5%
14/09/2016 0.256 0.156 0.159 2%
20/10/2016 0.146 -- -- --
Average Error (%) -11%
Standard Error (%) 42%
Notes:

1.  Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.
2. Station was relocated on September 26, 2013, therefore new rating curve developed for 2014-2016.
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Table 2-6:
Rating curve error metric summary hydrometric station CC-6.0
Date Stage (m) Discharge (m?/s) Df;‘gﬂ;‘fgg‘(‘;‘gfs) Rgtr'?gr%% )V ¢
26/06/2014 0.570 0.804 0.785 -2%
24/07/2014 -- 0.104 -- --
21/08/2014 0.174 0.087 0.057 -35%
25/09/2014 0.255 0.113 0.150 33%
24/10/2014 -- 0.005 -- --
18/05/2015 0.285 0.196 0.193 -1%
25/06/2015 0.488 0.563 0.584 4%
23/07/2015 0.217 -- -- --
22/08/2015 0.390 0.356 0.375 5%
13/09/2015 0.192 -- -- --
28/10/2015 0.120 0.011 0.016 42%
26/04/2016 -- 0.270 -- --
26/05/2016 0.249 0.168 0.142 -15%
22/06/2016 0.125 0.035 0.019 -47%
21/07/2016 0.245 0.173 0.137 -21%
25/08/2016 0.182 0.077 0.064 -16%
15/09/2016 0.191 0.073 0.073 0%
Average Error (%) -4%
Standard Error (%) 25%

Notes:
1. Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.

Table 2-7:
Rating curve error metric summary hydrometric station HC-2.5
. Rating Curve Rating Curve
Date Stage (m) Discharge (m?/s) Discha?ge (m¥s) Errc?r (%)

07/06/2014 0.325 0.029 0.048 66%
27/06/2014 0.425 0.257 0.214 -17%
23/07/2014 0.380 0.106 0.129 21%
21/08/2014 0.342 0.053 0.070 32%
26/09/2014 0.358 0.062 0.093 50%
24/10/2014 0.334 0.041 NA NA
25/11/2014 -- 0.014 -- --
19/05/2015 0.374 0.106 0.118 12%
26/06/2015 0.296 0.024 0.019 -22%
23/07/2015 0.328 -- -- --
20/08/2015 0.645 0.693 0.732 6%
13/09/2015 0.368 0.132 0.064 -51%
30/10/2015 -- 0.051 -- --
28/11/2015 -- 0.03 -- --
03/04/2016 -- 0.015 -- --
26/04/2016 0.463 0.292 0.231 -21%
27/04/2016 0.444 -- -- --
26/05/2016 0.422 0.14 0.150 %
24/06/2016 0.356 0.067 0.049 -26%
21/07/2016 0.400 0.114 0.112 -2%
26/08/2016 0.439 0.212 0.182 -14%
16/09/2016 0.416 0.114 0.139 22%
08/11/2016 -- 0.019 -- --
11/12/2016 -- 0.019 -- --

Average Error (%) 4%

Standard Error (%0) 31%

Notes:
1.  Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.
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Rating curve error metric summary hydrometric station HC-5.0

Date

12/10/2010
10/11/2010
19/05/2011
22/06/2011
20/07/2011
26/08/2011
21/09/2011
20/10/2011
28/11/2011
29/02/2012
26/03/2012
10/04/2013
16/05/2012
23/08/2012
19/09/2012
19/09/2012
17/10/2012
20/11/2012
24/01/2013
10/04/2013
30/05/2013
31/07/2013
21/08/2013
26/09/2013*
29/10/2013
26/11/2013
22/05/2014
27/06/2014
23/07/2014
21/08/2014
25/09/2014
24/10/2014
29/04/2015
19/05/2015
26/06/2015
23/07/2015
20/08/2015
13/09/2015
30/10/2015
03/04/2016
26/04/2016
26/05/2016
24/06/2016
21/07/2016
26/08/2016
16/09/2016

Notes:

Table 2-8:
Stage (m) Discharge (m?/s)
0.366 0.076
-- 0.008
0.750 --
0.750 1.532
0.520 0.397
0.468 0.258
0.390 0.071
0.380 0.025
-- 0.000
-- 0.000
-- 0.000
-- 0.000
0.485 0.300
0.350 0.049
0.475 --
-- 0.254
0.398 0.089
-- 0.015
-- 0.000
-- 0.000
0.580 0.866
0.429 0.023
0.385 0.048
0.323 0.142
-- 0.054
-- 0.000
0.395 0.392
0.351 0.288
0.292 0.112
0.248 0.045
0.282 --
0.228 0.041
-- 0.046
0.303 0.151
0.224 0.028
0.266 --
0.590 --
0.295 0.189
0.248 0.071
-- 0.017
0.359 0.216
0.306 0.152
0.239 0.052
0.280 0.116
0.310 0.199
0.292 0.172

Average Error (%)

Standard Error (%)

Rating Curve
Discharge (m®/s)
NA

1.567
0.460
0.284
0.086
NA

2-19

Rating Curve
Error (%)

NA

2%
16%
10%
21%

NA

-24%
-15%

28%
9%
-12%
0%
-13%
-20%
5%
22%

1.  Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.

2. Station was relocated on September 26, 2013, therefore new rating curve developed for 2014-2016.
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Table 2-9:
Rating curve error metric summary hydrometric station 1C-1.5
Date Stage (m) Discharge (m3/s) Df;‘gﬂ;‘fgg‘(‘;‘gfs) Rgtr'?gr%% )V ¢
06/06/2014 0.543 0.468 0.438 -6%
27/06/2014 0.791 -- -- --
24/07/2014 0.589 0.596 0.601 1%
20/08/2014 0.552 0.448 0.469 5%
25/09/2014 0.546 0.378 0.448 19%
23/10/2014 0.454 0.164 0.171 4%
30/04/2015 -- -- -- --
18/05/2015 0.690 1.186 1.008 -15%
25/06/2015 0.443 0.158 0.143 -9%
23/07/2015 0.575 -- -- --
20/08/2015 1.050 -- -- --
14/09/2015 0.603 -- -- --
25/04/2016 0.698 0.875 1.043 19%
27/05/2016 0.625 -- -- --
24/06/2016 0.519 -- -- --
22/07/2016 0.660 -- -- --
Average Error (%) 2%
Standard Error (%) 12%

Notes:
1.  Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.

Table 2-10:
Rating curve error metric summary hydrometric station 1C-2.5
Date Stage (m) Discharge (m3/s) Df;‘gﬂ;‘fgg‘(‘;‘gfs) Rgtr'?gr%% )V ¢

07/06/2014 0.270 0.016 0.017 7%
27/06/2014 0.610 0.242 0.422 74%
24/07/2014 0.421 0.131 0.143 9%
20/08/2014 0.344 0.061 0.066 9%
25/09/2014 0.413 0.086 0.134 56%
22/10/2014 0.287 0.016 0.026 62%
18/05/2015 - 0.095 - -
25/06/2015 0.223 0.007 0.001 -82%
22/07/2015 0.370 - - -
20/08/2015 0.800 0.712 0.815 14%
14/09/2015 0.403 0.167 0.123 -26%
30/10/2015 0.260 0.012 0.013 4%
27/05/2016 0.384 0.136 0.103 -24%
24/06/2016 0.301 0.059 0.034 -42%
22/07/2016 0.387 0.154 0.106 -31%
26/08/2016 0.396 0.155 0.116 -25%
15/09/2016 0.347 0.101 0.069 -32%

Average Error (%) -2%

Standard Error (%) 42%

Notes:
1.  Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.
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Table 2-11:
Rating curve error metric summary hydrometric station 1C-4.5
Date Stage (m) Discharge (m?/s) Di‘;ﬂ;‘fgg‘(‘r;‘gfs) Rgtr'?gr%% )V €
09/11/2010 - 0.132 - -
14/12/2010 - 0.076 - -
20/04/2011 0.058 - - -
20/07/2011 0.598 2.032 2.196 8%
26/08/2011 0.702 3.555 3.298 -7%
21/09/2011 0.422 0.890 0.882 -1%
19/10/2011 0.295 0.258 0.326 27%
29/11/2011 -- 0.002 -- --
20/04/2012 -- 0.775 -- --
16/05/2012 0.655 3.546 2.769 -22%
23/06/2012 0.530 1.662 1.609 -3%
18/07/2012 - 1.802 - -
23/08/2012 0.371 0.739 0.622 -16%
19/09/2012 0.746 3.492 3.835 10%
17/10/2012 0.395 0.842 0.735 -13%
12/06/2013 0.499 1.423 1.375 -3%
31/07/2013 -- 0.522 -- --
21/08/2013 0.439 0.961 0.980 2%
26/09/2013 0.567 1.521 1.915 26%
28/10/2013 -- 0.268 -- --
26/11/2013 -- 0.011 -- --
21/05/2014 0.663 2.770 2.850 3%
20/08/2014 0.398 0.763 0.753 -1%
25/09/2014 0.509 1.091 1.448 33%
22/10/2014 0.285 0.556 NA NA
25/11/2014 - 0.033 - -
29/04/2015 - 0.302 - -
19/05/2015 0.551 1.810 1.775 -2%
26/06/2015 0.209 0.115 0.114 -1%
27/05/2016 0.592 2.035 2.140 5%
24/06/2016 0.401 -- -- --
15/09/2016 0.510 -- -- --
19/10/2016 -- 0.236 -- --
Average Error (%) 2%
Standard Error (%) 14%

Notes:
1.  Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.
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Table 2-12:
Rating curve error metric summary hydrometric station YT-24
Date Stage (m) Discharge (m?%s) Digﬂg?ggl(]r;\gz) Rgtr'?gr%% )V ¢
06/07/2014 - 0.003 - -
27/06/2014 0.431 0.087 0.063 -27%
23/07/2014 0.390 0.030 0.020 -33%
22/08/2014 0.380 0.016 0.013 -18%
26/09/2014 0.395 0.019 0.024 28%
24/10/2014 0.348 0.002 NA NA
29/04/2015 0.344 0.005 NA NA
19/05/2015 0.401 0.030 0.030 -2%
26/06/2015 0.377 0.009 0.011 26%
23/07/2015 0.410 - - -
11/09/2015 0.436 0.071 0.070 0%
13/09/2015 0.429 0.060 0.061 1%
30/10/2015 0.388 0.011 NA NA
16/04/2016 0.489 0.163 0.163 0%
26/05/2016 0.432 0.058 0.065 13%
24/06/2016 0.393 0.021 0.023 8%
21/07/2016 0.424 0.060 0.054 -9%
25/08/2016 0.428 0.058 0.059 3%
16/09/2016 0.435 0.052 0.069 32%
Average Error (%) 2%
Standard Error (%) 19%

Notes:
1.  Stage-discharge measurements that were affected by channel icing are indicated by ‘NA’ and are not included in rating curve
development or error calculation.
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3. 2016 Baseline Program Results

3.1 Meteorology

3.1.1 Air temperatures

Air temperatures measured at the Project site are reported in Figure 3-1 and Table 3-1. In
2016, the average annual temperature was -0.5 °C, which is substantially higher than the
long-term estimated average of -2.6 °C. The average (15-minute) daily minimum and
maximum temperatures were -25.9 °C (-30.0 °C) and 19.1 °C (24.9 °C), respectively.
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Figure 3-1:  Daily minimum, average and maximum temperature record from the
Coffee Creek climate station.
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CoFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT — 2016 DATA SUMMARY

Year

2012

2013

2014

2015

2016

All
Years

Notes:

1. All values are derived from daily average data.
2. Meteorological station was installed on July 20", 2012, therefore data for this month is incomplete.

Parameter
Average
Minimum
Maximum
Average
Minimum
Maximum
Average
Minimum
Maximum
Average
Minimum
Maximum
Average
Minimum
Maximum
Average
Minimum

Maximum

Coffee Gold Climate Station - Air Temperature Measurements by Month

Jan

-21.3
0.4
-14.1
-37.6
6.8

Feb

-22.4
2.3
-13.9
-34.6
4.4

Mar

-27.4
5.0
-3.9
-12.3
111
-8.5
-27.4
111

Apr

-16.9
8.9
0.4
-7.6

10.6
3.2
-3.0

12.9
-1.2

-18.6

12.9

Table 3-1:
May Jun
4.9 14.3
-8.7 2.8
195 27.2
8.2 104
-2.8 2.2
18.8 213
11.9 12.1
-1.6 3.0
26.2 234
8.8 12.3
-0.3 3.3
235 24.9
8.5 12.3
-8.7 2.2
26.2 27.2

Jul
14.9
8.0
22.4
13.8
6.0
24.2
12.9
5.0
21.4
125
5.8
25.9
134
7.3
24.7
13.3
5.0
25.9

Aug
115
1.7
21.4
13.0
2.8
26.0
111
15
22.6
9.3
-1.8
25.1
125
38
24.0
115
-1.8
26.0

Sep
6.3
-4.0
174
4.6
-4.3
15.8
4.6
-3.9
18.9
3.7
-5.3
16.7
6.6
-3.5
17.2
5.2
-5.3
18.9

Oct
-7.1
-19.4
7.8
-0.2
-7.8
8.8
-4.2
-13.5
7.8
-1.6
-11.9
6.7
-6.4
-16.9
5.7
-3.9
-19.4
8.8

Nov
-19.7
-31.7
-10.8
-15.8
-36.2

0.3
-12.6
-29.6

-3.7
-13.2
-28.5

1.0
-12.8
-27.7

1.8
-14.8
-36.2

1.8

Dec
-24.0
-35.8

-4.9
-21.1
-33.1

2.6
-12.9
-24.0

-2.6
-15.6
-28.5

-1.2
-18.7
-30.0

-4.0
-18.5
-35.8

2.6

3-2

Annual
-3.0
-35.8
22.4
-1.0
-37.6
27.2
-0.2
-33.7
22.6
-0.8
-34.6
26.2
-0.9
-30.0
24.9
-1.2
-37.6
27.2
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3.1.2 Precipitation

Precipitation has been measured on-site since July 2012 at a dedicated climate station
(Figure 3-5), and at several snow courses distributed at various elevations around the
Coffee Creek property. Tipping bucket precipitation gauges were also installed at the camp
(425 m) and at ridgetop (>1,200 m) in 2015 to refine assumptions relating to site
precipitation accumulation with elevation.

Gauge and snow course data gathered during the baseline study indicate mean annual
precipitation (MAP) averages 370 mm (at 975 m), with 38% of this amount falling as snow
between October and April, and 62% falling as rain from May to September (Figure 3-2).
As indicated in Table 3-2, precipitation has fallen as snow at the upper elevations in all
months of the year, with the exception of June and July over the 5-year baseline monitoring
period.

Annual precipitation in 2016 totaled 378 mm at the meteorological station elevation (975
m asl). The October 2015 to March 2016 precipitation total was 107.7 mm, which compares
well with the April 1t SWE measured at the same site (98 mm). April to September
precipitation totaled 267.2 mm at 975 m asl. The largest daily precipitation event occurred
on October 19", 2016 (25.7 mm) as snow, and the largest daily rainfall occurred on June
6", 2016 (18.0 mm).

The proportion precipitation that fell as rain and snow in 2016 reflects the relatively
warmer conditions, with 71% of annual precipitation falling as rain, and 29% as snow
(Table 3-2).

30

25

20 A

Precipitation (mm)

,I“|.., J s JL

11112 171113 11713 11714 1714 17115 177115 111/16 177116 mnt

Figure 3-2:  Daily precipitation measured at the Coffee Creek climate station.
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Table 3-2:
Coffee Gold Climate Station - Precipitation Measurements by Month
Year Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Rain - - - - - - 4.8 37.8 9.4 1.3 0.0 0.0 53.3
2012 % Rain == == == == == == 100% 100% 34% 5% 0% 0% 36%
Snow - - - - - - 0.0 0.0 18.0 21.8 23.4 33.3 96.5
% Snow - - - - - - 0% 0% 66% 95% 100% 100% 64%
Rain 0.0 0.0 0.0 0.0 15.2 57.9 89.7 58.7 25.9 4.3 0.0 1.3 253.0
2013 % Rain 0% 0% 0% 0% 31% 100% 100% 100% 55% 22% 0% 8% 59%
Snow 20.1 14.7 9.9 20.3 34.0 0.0 0.0 0.0 21.3 15.5 23.4 14.7 174.0
% Snow 100% 100% 100% 100% 69% 0% 0% 0% 45% 78% 100% 92% 41%
Rain 0.0 0.0 0.0 0.0 29.0 3.0 80.0 0.0 20.3 0.0 0.0 0.0 143.0
2014 % Rain 0% 0% 0% == 87% 100% 100% = 95% = 0% 0% 68%
Snow 46.8 23.6 0.3 0.0 4.3 0.0 0.0 0.0 1.0 0.0 05 2.0 67.8
% Snow 100% 100% 100% - 13% 0% 0% - 5% - 100% 100% 32%
Rain 0.0 0.0 0.0 0.3 24.9 48.8 99.3 71.1 30.2 6.9 0.0 0.0 281.4
2015 % Rain 0% 0% 0% 100% 100% 100% 100% 97% 5% 21% 0% 0% 7%
Snow 16.3 1.3 0.3 0.0 0.0 0.0 0.0 25 9.9 26.2 20.3 5.8 82.6
% Snow 100% 100% 100% 0% 0% 0% 0% 3% 25% 79% 100% 100% 23%
Rain 0.0 0.0 1.0 14.0 53.3 71.1 68.3 46.0 14.5 0.0 0.0 0.0 268.2
2016 % Rain 0% 0% 17% 100% 100% 100% 100% 100% 100% 0% 0% 0% 71%
Snow 36.1 6.4 51 0.0 0.0 0.0 0.0 0.0 0.0 34.8 51 22.4 109.7
% Snow 100% 100% 83% 0% 0% 0% 0% 0% 0% 100% 100% 100% 29%
Rain 0.0 0.0 0.3 3.6 30.6 45.2 68.4 42.7 20.1 2.5 0.0 0.3 199.8
All Years % Rain 0% 0% 4% 67% 79% 100% 100% 99% 2% 12% 0% 2% 62%
Snow 29.8 11.5 3.9 51 9.6 0.0 0.0 0.5 10.1 19.7 14.5 15.6 106.1
% Snow 100% 100% 96% 33% 21% 0% 0% 1% 28% 88% 100% 98% 38%
1N.OStre;Z:\/vfall values as presented here have not been corrected for gauge undercatch, and therefore likely underestimated.
2. Precipitation measured by gauge was counted as snow if T,y <=0 °C, and as rain if Tag => 0 °C.
3. Precentages could not be calculated if measured precipitation for a given month was zero, and are indicated by ‘-- *.
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3.1.3 Relative Humidity

On a monthly basis, relative humidity measured at the site climate station varies from lower
values in the spring months (lowest is May; 49%) to higher values in the fall and winter of
78-84%. A relative humidity value of 100% was measured on 84 occasions (hourly), and
the minimum measured value was 12.6% on May 16, 2015. In 2016, the average annual
relative humidity was slightly higher (71.2%) than the 2013 to 2015 average (70.2%).

The Coffee Gold relative humidity record is shown in Figure 3-3 at daily time step.
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Figure 3-3:  Daily average relative humidity measured at the site climate station.

3.1.4 Barometric Pressure

For the period of baseline study, barometric pressure as measured at the site climate station
ranged from an hourly low of 971 mb to a high of 1036 mb. Overall, barometric pressures
are higher in the summer months, with the highest average pressures occurring in July, as
compared to lows in the winter months (e.g., January).

The Coffee Creek barometric pressure record is shown in Figure 3-4 at daily time step.
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Figure 3-4:  Daily average barometric pressure at the site climate station.

3.1.5 Solar Radiation

When data are summarized monthly for the available period of record, solar radiation
varies from a monthly average high in June of 0.26 kW/m? to a low of 0.003 kW/m? in
December. Since July 2012, the highest recorded hourly solar radiation value is 0.99
kw/m?. The Coffee Creek solar radiation record is shown in Figure 3-5
at daily time step.
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Figure 3-5:  Daily average solar radiation measured at the site climate station.
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3.1.6 Evapotranspiration and potential evaporation (PE)

Site- and regional estimates of evapotranspiration and potential evaporation are presented
in Table 3-7 of the main report. Evapotranspiration data computed via a Campbell
Scientific proprietary climate program using Coffee Gold weather station measurements
are plotted in Figure 3-6 at daily time step. Total annual evapotranspiration as calculated
by the weather station was 185.6 mm for 2016, slightly higher than the 2013-2015 average
of 177.8 mm.

3.5
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1.0 1 H
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Figure 3-6:  Daily average evapotranspiration measured at the site climate station.

3.2  Hydrology

3.2.1 Coffee Creek Hydrometric Data

From the extensive hydrometric network at Coffee Creek, combined with the monthly
sampling trips conducted since autumn 2010, a high-quality and high-resolution
streamflow dataset has been assembled. These data are presented in full in Appendix Al,
and have been used to: inform project feasibility studies; complete design and engineering
studies related to the Project; and they have also been used to build and calibrate a site-
wide water balance and water quality model for the proposed undertaking. The hydrometric
data collected in 2016 for the Project area creeks are presented in this section.

Streamflow time-series (in L/s) are presented in Figure 3-7 through Figure 3-17, and
monthly summaries of total runoff (mm), average, maximum and minimum discharge
(m3/s), and unit yields (L/s/km?) are presented in Table 3-4 through Table 3-14.
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Site-wide, runoff was generally lower than what was measured in 2015, and much higher
than what was measured at site in 2016. To place the Project site baseline record in the
context of the long-term variability in streamflows, the average discharge record from the
Indian River station was analysed to determine whether streamflows were higher or lower
than the long-term average for the 2011-2016 period. The results are presented in Table
3-3, and indicate that the baseline period of record likely represents a period of increased

runoff relative

to the long-term mean (133% higher).
Table 3-3:

Annual average discharges for the Indian River (09EBO003) station, for the Project

Year

2011
2012
2013
2014
2015
2016

Average

25000

20000

15000

10000

Discharge (L/s)

5000

0

Apr-110ct-11 Apr-12Oct-12 Apr-13 Oct-13 Apr-14 Oct-14 Apr-15 Oct-15 Apr-16 Oct-16

baseline record period

Annual Average Annual Average Unit % 1978-2016

Discharge (m?/s) Yield (L/s’km?) Average
9.41 4.44 143%
8.01 3.78 122%
10.15 4.79 154%
7.51 3.54 114%
7.76 3.66 118%
9.85 4.65 150%
6.58 3.10 133%
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Figure 3-7: Time series discharge data for the CC-0.5 hydrometric station.

Discharge data (blue line) and spot measurements of discharge (green

circles) are shown.
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Figure 3-8: Time series discharge data for the CC-1.0 hydrometric station.
Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
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Figure 3-9: Time series discharge data for the CC-1.5 hydrometric station.

Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
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Figure 3-10: Time series discharge data for the CC-3.5 hydrometric station.
Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
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Figure 3-11: Time series discharge data for the CC-6.0 hydrometric station.
Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
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Figure 3-12: Time series discharge data for the HC-2.5 hydrometric station.

Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
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Figure 3-13: Time series discharge data for the HC-5.0 hydrometric station.

Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
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Figure 3-14: Time series discharge data for the IC-1.5 hydrometric station.
Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
1000
— 1C-2.5 measured
@ Manual Flow measurement
800 -
o
»
- 600 A
(0]
=
e
e
& 400 -
a
0®eo .
Qo
200 -
) o* ﬁ
o) 0® . -
0__'_'_00_"07_'_'_|_c‘l"l"l"l"l‘l"'l"l
Apr-110ct-11 Apr-12 Oct-12 Apr-13 Oct-13 Apr-14 Oct-14 Apr-15 Oct-15 Apr-16 Oct-16

Figure 3-15: Time series discharge data for the I1C-2.5 hydrometric station.
Discharge data (blue line) and spot measurements of discharge (green

circles) are shown.
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Figure 3-16: Time series discharge data for the I1C-4.5 hydrometric station.
Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
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Figure 3-17: Time series discharge data for the YT-24 hydrometric station.
Discharge data (blue line) and spot measurements of discharge (green
circles) are shown.
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3.2.11

Monthly Streamflow Metric Summaries

Table 3-4:

3-14

Monthly summaries of discharge (m?s), unit yield (L/s’/lkm?) and runoff (mm) for
the CC-0.5 hydrometric station

Year

2014

2015

2016

2014

2015

2016

2014
2015
2016

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum

Minimum

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum

Minimum

May

3.79

33.24

0.60
5.45

22.30

1.06

86.2
15
141
57.8
2.7

24
38

Discharge (m?/s)

Jun

2.18

18.37

0.69
2.87

24.97

0.45
2.98

22.75

0.83

5.7
47.6
1.8
7.4
64.8
1.2
7.7
59.0
2.2

Runoff (mm)

13
19
20

Jul
3.62

12.37

0.95
5.88

20.98

1.54
7.14

23.04

2.77

9.4
321
2.5
15.2
54.4
4.0
18.5
59.7
7.2

25
41
50

Aug
2.58
6.08
1.39
7.95
28.98
2.24
2.83
4.32
1.93

Unit Yield (L/s/km?)

6.7
15.8
3.6
20.6
75.2
5.8
7.3
11.2
5.0

18
55
20

Sep
3.69
11.23
1.37
5.04
10.54
3.19
1.50
2.23
0.62

9.6
29.1
3.6
131
27.3
8.3
3.9
5.8
1.6

25
34
10

Oct
1.39
4.52
0.04
2.35
5.35
0.09
0.40
1.02
0.03

3.6
11.7
0.1
6.1
13.9
0.2
1.0
2.6
0.1

10
16

Nov
0.49
0.96
0.09

1.3
2.5
0.2

Annual
2.33
18.37
0.04
4.65
33.24
0.09
3.45
23.04
0.03

6.0
47.6
0.1
12.0
86.2
0.2
8.9
59.7
0.1

92
189
142
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Table 3-5:

3-15

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the CC-1.0 hydrometric station

Discharge (m?/s)

Year Apr = May Jun Jul Aug Sep Oct | Nov = Annual
Average -- -- 0.000 | 0.000 | 0.003 | 0.006 @ 0.003 -- 0.00
2014 | Maximum -- -- 0.001 | 0.010 | 0.006 @ 0.010 0.010  -- 0.01
Minimum -- -- 0.000 | 0.000 | 0.001 @ 0.002 0.000  -- 0.00
Average -- | 0.026 0.011 0.032 0.032 0.025 0.016 @ -- 0.02
2015 | Maximum -~ 0.077 | 0.105 ' 0.172 0.141 | 0.044 0.026 -~ 0.17
Minimum -- | 0.016  0.000 0.011 @ 0.018  0.015 0.008 @ -- 0.00
Average -- -- 0.006 | 0.020 -- -- -- -- 0.01
2016 = Maximum -- -- 0.009 | 0.081 -- -- -- -- 0.08
Minimum -- -- 0.004 | 0.005 -- -- -- -- 0.00
Unit Yield (L/s/km?)
Average -- -- 0.0 0.1 0.9 1.8 1.0 -- 0.8
2014  Maximum -- -- 0.2 3.0 1.8 2.9 2.8 -- 3.0
Minimum -- -- 0.0 0.0 0.3 0.5 0.1 -- 0.0
Average -- 7.7 3.2 94 94 7.3 4.6 -- 6.9
2015 = Maximum -- 22.4 304 50.1 40.9 12.7 7.4 -- 50.1
Minimum -- 4.6 0.0 3.3 5.2 4.5 2.3 -- 0.0
Average -- -- 1.8 5.8 -- -- -- -- 3.84
2016 = Maximum -- -- 2.8 23.6 -- -- -- -- 23.60
Minimum - - 1.2 1.4 -- -- - - 1.25
Runoff (mm)
2014 -- -- 0 0 2 5 2 -- 9
2015 -~ 21 8 25 25 19 12 -~ 110
2016 -~ -~ 1 11 - - -- -~ 13
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Table 3-6:

3-16

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the CC-1.5 hydrometric station

Year

2014

2015

2016

2014

2015

2016

2014
2015
2016

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum

Minimum

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum

Minimum

Discharge (m?/s)

Jun Jul Aug
0.15 0.38 0.22
1.85 1.90 1.24
0.00 0.03 0.08
0.44 0.67 0.55
9.30 3.94 3.08
0.00 0.02 0.02
0.48 0.84 0.42
3.97 2.73 1.99
0.03 0.31 0.16
Unit Yield (L/s/km?)
6.6 16.5 9.5
80.3 82.1 53.6
0.2 14 35
18.9 29.2 23.6
4024 1706 1335
0.2 0.7 1.0
20.9 36.5 18.3
1719 1184 86.1
1.2 13.3 6.9
Runoff (mm)
15 44 26
49 78 63
54 98 49

Sep
0.31
1.19
0.08
0.28
1.39
0.10
0.16
0.38
0.01

13.3
51.6
3.4
12.3
60.1
4.3
7.0
16.7
0.3

34
32
18

Oct
0.05
0.16
0.01
0.11
0.70
0.00

2.3

6.9

0.4

4.6
30.3
0.1

Nov

Annual
0.22
1.90
0.00
0.40
9.30
0.00

0.5
4.0
0.0

9.6
82.1
0.2
17.2
402.4
0.1
22.0
171.9
0.3

125
251
281
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Table 3-7:

3-17

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the CC-3.5 hydrometric station

Year

2011

2012

2013

2014

2015

2016

2011

2012

2013

2014

2015

2016

2011
2012
2013
2014
2015
2016

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum

Discharge (m?/s)
May  Jun Jul  Aug
128 105 074 0.88
6.27 486 319 521
024 017 027 0.39
131 069 062 0.26
405 266 257 173
028 032 016 0.12
201 069 106 051
592 364 730 3.26
015 025 032 0.17
063 0.15 056 0.24
242 250 238 158
0.09 0.00 0.03 0.04
031 043 0.68 054
234 956 420 3.30
0.00 0.00 0.00 0.00
071 053 090 0.34
284 514 269 134
0.00 004 027 0.15
Unit Yield (L/s/km?)
183 150 107 126
89.8 69.7 457 747
348 24 3.8 5.6
187 9.9 8.9 38
58 381 368 247
407 46 2.3 1.7
288 9.9 152 7.3
84.8 522 104.6 46.6
208 3.6 4.5 25
9.01 21 8.0 35
347 358 341 227
126 0.1 0.4 0.6
4.4 6.2 9.7 7.7
335 1369 60.1 472
0.0 0.0 0.0 0.0
102 75 129 49
40.7 737 385 191
0.0 0.5 3.9 2.2
Runoff (mm)

20.5 39 29 34
43.6 26 24 10
54.8 26 41 20
171 5 22 9

6 16 26 21
27 20 35 13

Sep
0.23
0.41
0.14
0.55
1.40
0.28
0.55
0.96
0.35
0.41
1.97
0.08
0.16
1.07
0.01
0.14
0.27
0.03

3.3
5.9
2.0
7.9
20.0
3.9
7.8
13.7
5.0
5.8
28.2
1.1
2.4
15.3
0.1
1.9
3.9
0.4

8
20
20
15

6

5

Oct
0.08
0.18
0.05
0.20
0.54
0.04
0.17
0.50
0.01
0.07
0.66
0.00
0.04
0.45
0.00
0.01
0.05
0.00

1.2
2.5
0.7
2.9
7.8
0.5
2.4
7.2
0.2
1.0
9.4
0.0
0.6
6.4
0.0
0.1
0.7

NN O oW

Annual
0.62
6.27
0.01
0.53
4,05
0.04
0.71
7.30
0.00
0.34
2.50
0.00
0.36
9.56
0.00
0.46
5.14
0.00

8.8
89.8
0.2
7.6
58.0
0.5
10.2
104.6
0.0
4.9
35.8
0.0
52
136.9
0.0
6.59
73.69
0.00

134
132
167
71
76
104
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Table 3-8:

3-18

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the CC-6.0 hydrometric station

Discharge (m?/s)

Year Apr = May Jun Jul Aug Sep Oct Nov  Annual
Average - -- 0.09 0.18 0.12 0.15 0.03 -- 0.11
2014 | Maximum - -- 0.78 080 0.62 049 0.21 -~ 0.80
Minimum - -- 0.02 0.04 0.05 0.06 0.00 -~ 0.00
Average -- 0.16 0.19 0.28 0.25 0.11 0.06 -- 0.17
2015 | Maximum - 0.70 2.36 1.04 087 037 050 -~ 2.36
Minimum - 0.03 0.00 0.02 0.03 0.03 0.00 -~ 0.00
Average 0.12 0.08 0.22 0.16 0.06 0.05 0.11
2016 = Maximum 0.43 0.45 041 035 019 045 0.45
Minimum 0.01 0.00 0.11  0.04 0.02 0.00 0.00
Unit Yield (L/s/km?)
Average - -- 8.9 183 124 159 3.2 -- 11.7
2014 | Maximum - -- 81.6 83.7 641 512 213 -- 83.7
Minimum - -- 2.3 4.1 51 6.5 0.0 -- 0.0
Average -- 16.4 19.4 29.1 258 11.3 6.3 -- 18.1
2015 | Maximum - 73.0 2456 1084 90.7 389 519 -~ 245.6
Minimum -- 3.0 0.0 24 2.7 2.7 0.2 -- 0.0
Average -- 125 7.9 23.0 164 6.3 5.2 -- 11.88
2016 = Maximum - 44.3 47.1 424 369 193 470 -~ 47.11
Minimum - 0.5 0.0 11.2 4.0 1.8 0.3 -~ 0.00
Runoff (mm)
2014 - -- 20 49 33 41 7 -- 150
2015 - 20 50 78 69 29 17 -- 263
2016 - 24 20 62 44 16 2 -- 168
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Table 3-9:

3-19

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the HC-2.5 hydrometric station

Year

2014

2015

2016

2014

2015

2016

2014
2015
2016

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum

Minimum

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum

Minimum

May

Discharge (m?/s)

Jun
0.12
0.47
0.06
0.13
0.98
0.03
0.16
0.95
0.05

8.0
31.9
3.8
8.6
66.4
1.7
111
63.9
3.2

Runoff (mm)

17
22
29

Jul
0.21
0.59
0.09
0.27
1.05
0.08
0.18
0.51
0.10

Unit Yield (L/s/km

14.2
40.0
6.0
18.0
70.9
52
12.3
345
6.6

38
48
33

Aug
0.11
0.26
0.06
0.26
0.96
0.09
0.12
0.31
0.07
%)
7.6
17.8
3.8
17.3
65.1
6.0
8.3
20.9
4.4

20
46
22

Sep
0.17
0.41
0.09
0.18
0.33
0.09
0.07
0.20
0.00

11.8
27.6
59
11.8
22.4
59
4.7
13.6
0.0

31
31
12

Oct
0.09
0.29
0.05
0.09
0.23
0.03
0.01
0.05
0.00

6.4
19.8
3.1
59
15.2
2.1
05
3.4
0.0

13
16

Nov

Annual
0.14
0.59
0.05
0.19
1.05
0.03
0.13
0.95
0.00

9.6
40.0
3.1
12.5
70.9
1.7
8.72
63.92
0.00

119
179
138
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Table 3-10:

3-20

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the HC-5.0 hydrometric station

Year

2011

2012

2013

2014

2015

2016

2011

2012

2013

2014

2015

2016

2011
2012
2013
2014
2015
2016

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum

Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum
Average
Maximum
Minimum

May
0.65
2.56
0.21
0.65
2.23
0.16
0.78
1.87
0.29
0.3
0.61
0.1
0.19
0.81
0.03
0.21
0.61
0.04

241
94.6
7.61
241
82.4
5.99
28.7
69.4
10.6
11
22.8
3.84
7.1
30.0
1.2
7.7
22.8
1.4

27
52
17
30
8
21

Discharge (m?/s)
Jun Jul | Aug
0.57 044 0.38
1.73 135 1.89
0.16 0.09 @ 0.15
0.25 0.28 @ 0.09
1.06 150 1.16
0.08 0.02 @ 0.00
0.26 0.33 0.18
184 185 149
0.05 0.07 @ 0.02
0.11 0.21 @ 0.10
049 064 0.28
0.03 0.05 @ 0.05
0.10 0.27 @ 0.30
092 109 @ 0.90
0.00 0.01 @0.08
0.15 0.18 @ 0.17
0.86 051 0.36
0.02 0.08 0.08

Unit Yield (L/s/km?)

21.0 163 142
640 501 @ 69.9
5.9 3.4 5.4
93 103 3.2
39.2 556 430
2.8 0.7 0.1
96 123 | 6.7
68.0 68.7 553
1.9 2.8 0.8
4.0 7.7 3.8
182 238 | 104
1.3 1.8 1.7
3.9 99 | 110
340 402 335
0.0 0.4 2.9
5.5 6.7 6.1
319 188 @ 132
0.7 2.8 3.0
Runoff (mm)

54 44 38
24 28 8

25 33 18
10 21 10
10 27 29
14 18 16

Sep
0.09
0.16
0.03
0.24
0.58
0.14
0.30
0.57
0.17
0.20
0.50
0.12
0.23
0.47
0.12
0.13
0.30
0.03

3.4
5.9
1.0
8.9
21.7
5.1
111
20.9
6.3
7.2
18.6
4.3
8.7
17.4
4.3
4.8
10.9
1.0

23
29
19
23
12

Oct
0.08
0.67
0.00
0.32
0.82
0.10
0.19
0.25
0.13
0.08
0.25
0.00
0.15
0.35
0.07
0.03
0.07
0.00

2.8
24.7
0.0
11.7
30.5
3.8
6.9
9.3
4.7
2.9
9.3
0.0
5.6
13.1
2.6
1.0
2.8
0.0

17
11

15

Nov
0.02
0.11

Annual
0.32
2.56
0.00
0.30
2.23
0.00
0.34
1.87
0.02
0.16
0.64
0.00
0.21
1.09
0.00

0.1
0.9
0.0

11.8
94.6
0.0
11.3
82.4
0.1
12.6
69.4
0.8
6.1
23.8
0.0
7.7
40.2
0.0
55
31.9
0.0

181
153
133
97
111
94
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Table 3-11:

3-21

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the 1C-1.5 hydrometric station

Discharge (m?/s)

Year Apr May @ Jun Jul Aug Sep Oct Nov Annual
Average - -- 079 0.78 054 073 040 011 0.56
2014  Maximum - -- 224 180 | 126 | 1.83 092 057 2.24
Minimum - -- 031 028 036 041 0.12 0.01 0.01
Average -- 062 040 119 110 090 063 - 0.81
2015 Maximum - 210 286 367 310 1.80 137 -- 3.67
Minimum - 010 001 033 040 058 032 - 0.01
Average 074 073 077 124 078 051 -- -- 0.79
2016 = Maximum 123 143 247 329 162 073 - - 3.29
Minimum 042 034 025 075 057 018 -- - 0.18
Unit Yield (L/s/km?)
Average - -- 11.7 113 6.7 98 48 184 7.7
2014  Maximum - -- 579 385 20.7 39.7 129 6.78 57.9
Minimum - -- 3.7 3.3 4.2 48 19 | 0.95 1.0
Average -- 9.5 7.1 26.8 196 13.0 8.2 -- 14.0
2015 Maximum - 514 943 160.8 1119 384 239 -- 160.8
Minimum - 1.7 0.9 3.8 4.6 69 37 - 0.9
Average 9.13 899 953 1531 957 624 -- - 9.79
2016 = Maximum 152 17.62 30.45 4053 1993 894 -- - 40.53
Minimum 518 423 314 927 697 223 -- - 2.23
Runoff (mm)
2014 - - 21 26 18 23 13 2 103
2015 - 7 13 39 36 29 21 - 145
2016 5 24 25 41 26 16 - - 136
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Table 3-12:

3-22

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the 1C-2.5 hydrometric station

Discharge (m?/s)

Year Apr May @ Jun Jul Aug Sep Oct  Nov  Annual
Average -- - 0.16 0.19 0.09 0.14 | 0.05 -- 0.13
2014  Maximum -- - 0.29 0.68 0.25 0.38 | 0.16 -~ 0.68
Minimum -- - 0.07 0.05 0.04 0.08 ' 0.00 -~ 0.00
Average -- 0.09 0.07 0.29 0.26 0.18 @ 0.08 -~ 0.16
2015 Maximum - 0.53 1.06 0.81 0.75 039 0.27 -~ 1.06
Minimum -- 0.00 0.00 0.06 0.07 0.08 ' 0.00 -~ 0.00
Average -- 0.09 0.15 0.23 0.15 0.11 -- 0.15
2016 =~ Maximum - 0.16 0.65 0.47 0.28 0.22 -- 0.65
Minimum -- 0.06 0.04 0.11 0.10 0.05 -- 0.04
Unit Yield (L/s/km?)
Average -- - 9.1 10.9 53 8.2 3.0 -- 7.3
2014  Maximum -- - 16.9 39.5 14.2 21.7 9.5 -- 395
Minimum -- - 4.1 2.8 2.4 45 0.0 -- 0.0
Average -- 5.2 4.2 16.6 14.8 10.5 4.7 -- 9.3
2015 Maximum - 309 614 47.1 43.1 224 | 159 -~ 61.4
Minimum -- 0.0 0.0 3.2 4.1 4.6 0.0 -- 0.0
Average -- 5.16 8.90 13.45 8.66 6.50 -- -- 8.54
2016 =~ Maximum -- 9.03 3766 27.13 16.32 @ 12.55 -~ -~ 37.66
Minimum -- 3.28 204 6.61 5.73 3.04 -~ -~ 2.04
Runoff (mm)
2014 - - 3 29 14 21 6 - 73
2015 - 6 11 44 40 27 13 - 141
2016 - 2 23 36 23 13 - - 98
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Table 3-13:

3-23

Monthly summaries of discharge (m?%/s), unit yield (L/s/lkm?) and runoff (mm) for
the 1C-4.5 hydrometric station

Discharge (m?/s)

Year Apr  May Jun Jul Aug Sep Oct  Nov  Annual
Average 219 | 584 5.54 3.92 3.85 1.18  0.45 - 3.28
2011 Maximum 6.66 @ 31.2 | 3140 1342 8.98 215  0.88 - 31.40
Minimum 0.00 1.88 1.20 0.97 1.70 062 @ 0.24 - 0.00
Average 058 4.04 2.98 3.99 1.37 251 1.16 § 0.22 2.1
2012 Maximum 195 16.7 | 10.88 24,57 1533 | 912 294 042 24.6
Minimum 0.01 0.32 0.75 0.64 0.43 116 0.26 @ 0.13 0.0
Average - 8.06 3.64 4.13 1.88 223 137 | 0.23 3.08
2013 Maximum - 286 | 1518 16.63 1786 @ 439 295 0.69 28.61
Minimum - 0.01 0.68 0.85 0.45 127 050 @ 0.06 0.01
Average 217 | 3.64 2.61 2.88 1.28 228 056 | 0.12 1.94
2014 Maximum 5.07 13 10.74 10.16 @ 4.06 999 197 033 12.96
Minimum 0 0.61 0.54 0.59 0.66 0.85  0.12 | 0.02 0.00
Average 196 244 1.39 5.78 4.63 276 | 1.03 - 2.86
2015 Maximum 214 | 1849 1933 2572 2301 651 @340 - 25.72
Minimum 1.72 = 0.38 0.10 0.73 1.04 152  0.22 - 0.10
Average 3.01 | 359 2.55 4.62 2.52 1.37 - - 2.94
2016  Maximum 486 1398  16.04 1191 @ 550 2.48 - - 16.04
Minimum 202 | 0.75 0.59 2.26 1.57 0.55 - - 0.55
Unit Yield (L/s/km?)
Average 9.84 | 26.3 24.9 17.6 17.3 5.3 2.0 - 14.8
2011 Maximum 30.0 | 1404 @ 1413 604 404 9.7 4.0 - 141.3
Minimum 0.0 8.5 5.4 4.3 7.6 2.8 1.1 - 0.0
Average 2.6 18.2 13.4 17.9 6.2 11.3 52 | 0.99 9.5
2012 Maximum 878 | 75.1 489 @ 1105 69.0 410 132 19 110.5
Minimum 0.04 143 3.4 2.9 1.9 5.2 1.2 0.6 0.0
Average - 36.3 16.4 18.6 8.4 10.0 6.2 | 1.05 13.8
2013 Maximum - 129 68.3 74.8 80.3 19.7 133 311 128.7
Minimum - 0.06 3.1 3.8 2.0 5.7 22 | 0.28 0.1
Average 9.74 | 164 11.7 12.9 5.8 10.3 25 | 0.53 8.7
2014 Maximum 22.8 | 58.3 48.3 45.7 18.3 44.9 89 151 58.3
Minimum 001 272 2.4 2.7 3.0 3.8 05  0.08 0.0
Average 8.82 | 11.0 6.3 26.0 20.8 12.4 4.6 - 12.8
2015 Maximum 9.61 @ 832 87.0 | 1157 1035 293 153 - 115.7
Minimum 7.74 1.7 0.4 33 4.7 6.9 1.0 - 0.4
Average 135 16.15 | 1149 20.77 1135 6.18 - - 13.25
2016 Maximum 21.8 | 62.89 @ 7215 5357 2474 11.14 - - 72.15
Minimum 9.1 3.39 265 | 1015 @ 7.08 2.46 - - 2.46
Runoff (mm)
2011 9 69.9 64 46 45 14 4 - 253
2012 4 48.3 34 48 17 29 14 4 198
2013 - 97.2 42 49 23 25 17 2 255
2014 11 43 30 34 16 26 7 2 169
2015 1 29 17 70 55 31 13 - 216
2016 5 43 30 56 30 10 - - 174
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Table 3-14:
Monthly summaries of discharge (m?/s), unit yield (L/s/lkm?) and runoff (mm) for
the YT-24 hydrometric station

Discharge (m?/s)

Year Apr  May Jun Jul Aug Sep Oct  Nov  Annual
Average -- - 0.03 0.03 0.02 0.02 @ 0.01 -- 0.02
2014  Maximum - - 0.06 0.23 0.07 0.08 022 -~ 0.23
Minimum - - 0.01 0.00 0.01 0.00 @ 0.00 -~ 0.00
Average 0.03 0.06 0.03 0.09 0.10 0.09  0.04 - 0.06
2015 Maximum 0.06 054 0.37 0.46 0.41 020 0.12 -~ 0.54
Minimum 0 0.00 0.00 0.02 0.02 0.03  0.01 -~ 0.00
Average 0.11  0.07 0.04 0.07 0.08 0.08 - -~ 0.07
2016 = Maximum 0.18 054 0.30 0.35 0.17 0.17 - -- 0.54
Minimum 0.04 0.02 0.01 0.01 0.05 0.04 - -- 0.01
Unit Yield (L/s/km?)
Average - -- 2.3 2.8 2.0 2.1 0.8 -- 2.0
2014  Maximum -- - 5.4 19.6 6.3 7.2 18.7 -- 19.6
Minimum -- - 0.6 0.0 0.7 0.2 0.0 -- 0.0
Average 2.4 5.4 2.3 7.5 8.2 7.3 3.3 -- 5.2
2015 Maximum 5.1 46.0 314 39.2 34.8 172 103 -~ 46.0
Minimum 0.1 0.0 0.0 1.4 13 2.2 0.8 -~ 0.0
Average 891 @ 5.87 3.74 6.26 6.60 6.63 - -~ 6.33
2016 = Maximum 156 @ 45.76 2542 30.07 1419 14.39 - -~ 45.76
Minimum 3.8 1.55 0.45 1.10 3.95 3.46 - -~ 0.45
Runoff (mm)
2014 - - 1 8 5 5 2 - 21
2015 0.4 14 6 20 14 19 9 - 83
2016 6.2 16 10 17 18 17 - - 83
Table 3-15:

Annual runoff (mm) for Coffee Gold Project hydrometric stations

Annual Runoff (mm)

vear CC-0.5 CC-1.0 CC-15 CC-35 CC-6.0 HC-25 HC-5.0 IC-15 IC-25 IC-45 YT-24
2011 -- -- -~ 134 -- - 181 - -~ 253 --
2012 -- -- -~ 132 -- - 153 - -~ 198 --
2013 -- -- -~ 167 -- - 133 - -~ 255 --
2014 92 9 125 71 150 119 97 103 73 169 21
2015 189 110 251 76 263 179 111 145 141 216 90
2016 142 NA 281 104 168 138 94 136 98 174 87
Average

(2014-2016) 141 60 223 83 194 145 101 128 104 186 66
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3.2.1.2 Unit Yields

Local patterns of streamflow are dominated by a snowmelt freshet that typically occurs
late-April to mid-June and punctuated by multiple rainfall-induced high flow events that
occur throughout the summer and autumn. In general, these high flow events are short
lived, often persisting for a duration of 1 or 2 days. A plot showing the unit yields for all
Project drainages, for their periods of record, is presented in Figure 3-18

In general, average unit yields across the Project site are 9 L/s/km? for the open water
season (May to October), and range from 4.5 to 15 L/s/km?, depending on the drainage.
The YT-24 and CC-1.0 drainages that drain the north and south waste rock dumps
(respectively) have the lowest yields, while Upper Latte Creek (CC-6.0 and CC-1.5) and
Independence Creek at the Mouth (1C-4.5) have the highest yields.

In 2016, unit yields across the project site averaged 9.2 L/s/lkm? for the open water season
(May to October), and ranged from 5.5 to 13.3 L/s/km?.

As described in the main report, long-term synthetic streamflow records are based on
statistical relationships with the discharge data collected at the Indian River at the Mouth
(09EBO003; 2120 km?) Water Survey of Canada (WSC) station. The objective of this
approach is to re-create a longer stream flow record for the Project site basins that provides
a realistic estimate of the long-term frequency and magnitude distribution of discharges at
the Project site. As the data from the Indian River record for 2016 is preliminary, and
subject to revision by the WSC, the synthetic discharge series have not been extended to
2016. However, plots of unit yields for the site stations and the Indian River records are
presented below in Figure 3-18 through Figure 3-24 for comparative purposes. The Indian
River record is reflective of a much larger watershed area compared to the Project site
watersheds, and therefore the runoff responses to larger events (i.e., freshet and rainfall
driven) is more muted than for the Project watersheds. However, notably, the timing of
larger discharge events is generally comparable between the watersheds, and the low flow
signature is remarkably similar.
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Figure 3-18: Unit yield hydrographs for gauged Project basins.
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Figure 3-21: 2013 unit yield hydrographs for gauged Project basins and the Indian
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Figure 3-23: 2015 unit yield hydrographs for gauged Project basins and the Indian
River (09EB003)

804 | — CC-05 2016
— CC-1.0
CC-1.5
— CC-35
—— CC-6.0
— HC-2.5
HC-5.0
IC-1.5
— IC-25
— IC45
— YT-24
= |ndian R.

[+2]
o
1

i
o
1

Unit Yield (L/s/km?)

N
o
1

O T T
Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 Aug-16 Sep-16 Oct-16 Nov-16 Dec-16

Figure 3-24: 2016 unit yield hydrographs for gauged Project basins and the Indian
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4. Closure

We trust that this plan meets your requirements at this time. Please contact us should you
have any questions or concerns, or require additional information in support of this work.

Yours sincerely,
Lorax Environmental Services

per:

Signature REDACTED
Signature REDACTED o o'e

A

Colin Fraser, M.Sc., P.Geo. Scott Jackson, M.Sc., P.Geo.
Hydrologist Hydrologist
Lorax Environmental Services Ltd. Lorax Environmental Services Ltd.

41



References

=GOLDCORP



References

Resource Inventory Standards Committee (2009). Manual of Standard Operating
Procedures for Hydrometric Surveys in British Columbia - Version 1.0. Prepared
by Ministry of Environment, Science and Information Branch for the Resources
Information Standards Committee. 222 p.

R-1



Appendices

=GOLDCORP



Appendix B
Extreme Precipitation and
Snowmelt Runoff Technical Memo

=GOLDCORP



5q) LORAX
' ENVIRONMENTAL
MEMORANDUM
To: Allison Rippon Armstrong, Kaminak Gold Corp Date: 1 April, 2015
From: Colin Fraser and Scott Jackson Project #: A362-3

Subject:  Extreme precipitation depths and snowmelt — Coffee Creek

1. Introduction

1.1 Memo Objectives and Layout

This memo synthesizes regional climate data (rainfall, snowfall) for stations near (within 200 km
radius) the Coffee Creek property. Specifically, return period estimates of extreme precipitation
(1:2 year, 1:5 year, 1:10 year, 1:25 year, 1:50 year, 1:100 year and 1:200 year) are presented for
an array of metrics (e.g., 24-hour, 2-day, 3-day, 10-day and 30-day precipitation depths).

These precipitation estimates are intended for use in infrastructure design and engineering studies
at the Project Site, as well as the site-wide water balance model — as appropriate. By means of
example, 24-hour precipitation with 1:100 and 1:200 year return periods will inform heap leach
pad design overall, including the sizing of event ponds. Return period precipitation depths for
longer durations (e.g., 3-day, 10-day) may be evaluated in the context of ‘upset condition’ in site-
wide water balance and water quality modelling (e.g., implications of a 3-day power outage during
closure).

Methods for this analysis are presented in Section 2 below and they describe the climate stations
considered in the analysis, the steps taken to process the climate data, and the guiding principles
of the frequency analysis. Results of the analysis are presented in Section 3 and Appendix A and
B of the memo. A majority of the results in the memo focus on extreme summer rainfall (see
Sections 3.1 and 3.2), noting that snow accumulation and rates of melt are discussed in Section
3.3. It is assumed there will be necessity to consider snow and snow melt to some degree during
Project development. Section 3.3 results may be used for such purpose.

The memo concludes with a recap of key findings and a table of recommendations (see Section 4).
2. Methods

2.1 Sources of Data

The Coffee Creek property is situated ~80 km from the Alaska border and therefore, two main
sources of climate data were used to assemble this memo:

1) NOAA Atlas 14, Precipitation-Frequency Atlas of the United States, Volume 7 Version
2.0: Alaska.
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e The NOAA Atlas 14 contains recent precipitation frequency estimates for Alaska
with associated 90% confidence intervals and supplementary information on:
temporal distribution of heavy precipitation; and analysis of seasonality and trends
in annual maximum series data.

NOAA Atlas 14 results are published through the Precipitation Frequency Data
Server viewable at this location: http://hdsc.nws.noaa.gov/hdsc/pfds
e Throughout this memo, these data and resources are references as NOAA (2012).

2) Environment Canada daily climate station data.

e Long-term climate data from nearby Yukon Territory climate observatories (i.e,
within 200 km radius of proposed heap leach location).

e Daily climate data for variables of interest (air temperature (min, max, average),
wind speed, relative humidity, atmospheric pressure, precipitation (rain, snow,
total)) were retrieved from http://climate.weather.gc.ca/.

e After Bonifacio et al. (2015), the Canadian Climate Data Scraping Tool (CCDST)
was used to retrieve and pre-process Environment Canada station files.

State of Alaska and Yukon Territory climate stations situated near the Coffee Creek property are
listed in Table 2.1-1. Of these 20 stations (Coffee Creek location excluded), 19 showed period of
record >18 years and were included in the frequency analysis. Eight of the 19 climate stations are
situated in Alaska with the remaining eleven being in Yukon Territory. A map showing the location
of relevant climate stations is provided as Figure 2.1-1.

Prior to conducting the extreme rainfall frequency analysis on the available datasets, raw climate
data files were inspected and explored to identify spatial, temporal and orographic patterns within.
Some preliminary findings from this initial data inspection are presented in Section 3.1, noting that
Alaska and Yukon climate station are described and compared to Coffee Creek baseline climate
measurements in detail and under a separate cover (i.e., see Lorax 2015).

2.2 Rainfall Frequency Analysis

Overall, frequency analysis is a process of fitting common distributions to input data (e.g., the
Generalized Extreme Value (GEV), LogPearson 3 and Gumbel Maximum distribution). Return
period (e.g., 1 in 2 year, 1 in 10 year, 1 in 100 year, 1 in 200 year) estimates of precipitation depth
may then be estimated from best-fitting distribution(s) to the input data.

State of Alaska

A recent and comprehensive extreme precipitation analysis was completed for the State of Alaska.
The results of this assessment are summarized within NOAA (2012). Extreme precipitation output
for nearby station Northway, Alaska (~130 km from Coffee Creek), is presented in Appendix A to
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illustrate the overall quality and comprehensiveness of this extreme precipitation assessment. Eight
State of Alaska climate stations were considered in this assessment: EAGLE, CHICKEN,
BOUNDARY, ALCAN HWY, NORTHWAY AP, JATAHMUND, TOK and CHISANA.

Yukon Territory

To utilize State of Alaska extreme precipitation data to its fullest and to also allow meaningful
comparisons - a frequency analysis was undertaken on Yukon Territory climate stations using
complimentary methods. To assemble and process the raw climate data for the Yukon, the
following steps were followed:

e Daily climate data files were downloaded for Environment Canada stations for meteorological
parameters of interest.

e From the complete dataset per climate station, May to end-September daily precipitation data
was extracted from the available period of record.

e From the available period of record, 24-hour, 2-day (i.e., rolling two-day sum), 3-day, 10-day
and 30-day precipitation depths were calculated per station.

o Consistent with NOAA (2012), 24-hour precipitation depths were computed from
daily precipitation observations by applying a data scalar of 1.12.

= Due to the fixed beginning and ending of observation times at Environment
Canada stations, it was assumed reasonable that extracted maxima are lower
than an unconstrained maxima for any 24-hour period. This assumption was
the basis for applying a data scalar to daily precipitation observations.

0 Also consistent with with NOAA (2012), 2-day and 3-day precipitation depths were
adjusted by data scalars of 1.05 and 1.04 respectively.

o0 For the 10-day and 30-day precipitation depth calculations no adjustments were
made to the raw data (i.e., no data scalar applied).

e Next, daily precipitation data were inspected on a year by year basis.

o For years of record showing prolonged data gaps (e.g., >10 days of missing data;
<80% complete) during June, July and August — the year of record was considered
incomplete and excluded from the frequency analysis. This screening reduced
available data entered into the frequency analysis by a small amount (e.g., a year or
two of record excluded for a 50-year long climate record).

e Lastly, annual maximum 24-hour, 2-day, 3-day, 10-day and 30-day precipitation depths were
extracted per station for the available period of record.

Annual maximum series per station and per extreme event (i.e., 24-hour, 2-day, 3-day, 10-day and
30-day) were imported to EasyFit Statistical Software and continuous probability distributions
were fitted to the data. Similar to NOAA (2012) and through an inspection of the statistics and
ranking data outputted by EasyFit - several distributions were found to fit the input data well. For
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purposes of consistency with the NOAA (2012) assessment, the GEV distribution was adopted as
the de facto distribution for the Yukon assessment. The following return periods were estimated
for the climate stations and events of interest: 1:2 (median), 1:5 (wet/dry), 1:10 (wet/dry), 1:25
(wet/dry), 1:50 (wet/dry), 1:100 (wet/dry) and 1:200 (wet/dry).

Presentation of results

As a final step in the extreme precipitation analysis, return period precipitation estimates were
plotted in Excel and mapped. Estimates were regressed against station latitude, station longitude
and station elevation in an effort to ascertain patterns and/or trends within the amalgamated
datasets. Three plots for each of the five precipitation metrics (i.e., 24-hour, 2-day, 3-day, 10-day
and 30-day) are presented in Appendix B.

Two patterns in the data emerged via this analysis: 1) a strong west-east extreme precipitation
gradient, where precipitation estimates were higher west of the Coffee Creek property and lower
east of the property; and 2) a general increase in precipitation with elevation. These patterns are
illustrated by the two panels of Figure 2.2-1.

Owing to these two patterns and the objective to represent extreme precipitation at the elevation
of the heap leach pad, Coffee Creek return period precipitation estimates were computed two ways.
In the first method, an envelope or upper bounding curve was fitted to precipitation estimates when
plotted against station longitude. Next, the precipitation estimate on this upper bounding curve that
corresponded to the Coffee property (i.e., 139.3°W) was entered to a summary table (see results in
Section 4.2). An example of this approach is shown in Figure 2.2-2 for 3-day precipitation, 1:25
year event.

For the second method, precipitation estimates (e.g., 24-hour, 2-day, 3-day, 10-day and 30-day)
for five stations showing similar location to the Coffee Creek property were first aggregated and
then up-scaled to elevations 1,200 m and 1,300 m respectively. The five stations aggregated were
in this approach were McQuesten, Klondike, Dawson, Stewart River and Snag. For each metric
and return period, the 90"-percentile precipitation depth for the five stations was assumed to be
representative of elevation 600 m. Precipitation depths were up-scaled using elevation gradients
estimated from 1:2 year regression equations presented in Figure 2.2-1 (lower panel).

2.3 Snow accumulation and melt

An assessment of snow accumulation and snow melt is provided in this memo as the onset of
freshet may overlap with an extreme rainfall event. In this regard, aspects of Project design may
need to consider event water derived from melting snowpack, in addition to, extreme rainfall.

Return period estimates of April 1 snow water equivalent are presented for Coffee Creek elevation
1,200 m and 1,300 m in Lorax (2015). Methods for their estimation are presented in their report
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with results presented in Section 3.3 below. These values give indication of the typical (1:2 year)
and extreme wet/dry (1:100 year, 1:200 year) snow storage at elevations corresponding to the heap
leach pad and related water management infrastructure.

To better understand snowmelt timing, duration and rates of melt, period of record snow pillow
data was inspected for six Snotel stations (Chisana, May Creek, American Creek, Granite Creek,
Teuchet Creek and Upper Chena) near the Coffee Creek property. Of the six stations, three are
situated close (within ~150 km; Chisana, May Creek and American Creek) to Coffee and show
period of record ranging from 3 to seven years. The remaining three stations show much longer
period of record, very similar patterns in melt onset, rate and duration of snowpack ablation.
However, these stations are situated at further distance (on the order of 250 km) from site.

A table summarizing rates of snowmelt across the region is presented in Section 3.3. Minimum,
average and maximum rates presented therein are computed from the annual series of maximum
melt per station.
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Station
EAGLE
CHICKEN
BOUNDARY
ALCAN HWY
NORTHWAY AP
JATAHMUND
TOK
CHISANA
BEAVER CREEK A
SNAG A
STEWART CROSSING
STEWART RIVER
BURWASH A
CARMACKS
DAWSON A
LITTLE GOLD CREEK
KLONDIKE
MAYO A
MCQUESTEN
PELLY RANCH
COFFEE GOLD

Table 2.1-1:

Alaska and Yukon Climate Stations near the Coffee Creek Property

State, Prov
AK
AK
AK
AK
AK
AK
AK
AK
YK
YK
YK
YK
YK
YK
YK
YK
YK
YK
YK
YK
YK

Elevation (m)
256
548
793
549
522
701
494

1,012
649
587
480
358
807
525
350

1,257
973
504
458
445
975

Latitude
64.783
64.100
64.067
62.817
62.967
62.600
63.350
62.133
62.410
62.367
63.383
63.317
61.371
62.100
64.043
64.083
64.453
63.617
63.594
62.817
62.877

*Bracketed values indicate number of years (n) incorporated into the extreme precipitation analysis.

Longitude
-141.200
-141.917
-141.117
-141.467
-141.933
-142.083
-143.050
-142.083
-140.868
-140.400
-136.683
-139.433
-139.040
-136.300
-139.128
-141.000
-138.216
-135.867
-137.523
-137.367
-139.300

Distance to Site (km)
225
180
160
105
125
140
190
160
90
80
150
50
170
180
130
155
185
195
120
100

Period of Record*
1902 to present (82)
1911 to present (20)
1948-1957 (10)
1990 to present (20)
1943 to present (63)
1991 to present (20)
1959 to present (41)
1988 to present (19)
1968 to present (37)
1943-1966 (23)
1963-2008 (24)
1976-1993 (18)
1966 to present (45)
1963 to present (41)
1897 to present (114)
1974 to 1999 (17)
1966 to 2010 (37)
1924 to present (88)
1986 to present (28)
1952 to present (59)
2012 (July) to present
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Figure 2.1-1: Alaska and Yukon climate station location map (from PDF, looks like above).
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24-hour precipitation (mm)

1:2 year precipitation (mm)
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Figure 2.2-1:
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Example of the local relationship between extreme precipitation and station
longitude (upper panel). In this figure (24-hour precipitation is shown), the
longitude of Coffee Creek is shown with vertical dashed line. The lower
panel shows the relationship between 1:2 year precipitation (for five
precipitation metrics) and station elevation.
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Figure 2.2-2: Example of an upper bounding envelope to a subset of data. The data shown
are for 3-day precipitation and frequency of 1:25 year.

3. Results

3.1 Extreme precipitation — Processes, patterns, record length
Processes

Synoptic patterns and mechanisms governing summer and winter precipitation near the Coffee
Creek property are reviewed in Lorax (2015).

Briefly, Cassano and Cassano (2010) analysed sea level pressure patterns for the Yukon River
basin and found that the winter circulation patterns are dominated by the strong Aleutian Low.
By comparison, summer patterns are characterized by low pressure systems over land and the
Beaufort/Chukchi Sea and weak high pressure cells to the north. This results in
easterly/northeasterly circulation into the Basin in the summer.
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The authors report that in the summer and owing to easterly/northeasterly circulation, largest
daily precipitation events (i.e., top 10th and 1st percentile daily totals, on an annual basis) were
associated with an increased frequency of cyclones and over-land convective events.
Evapotranspiration rates are highest during the summer, and therefore additional moisture is
recycled and available to precipitate.

From a state-wide and Alaskan perspective, the following description is provided in NOAA
(2012) for extreme summer precipitation there:

“During the summer months, a large area of high pressure that resides over the northern Pacific
Ocean, the North Pacific High, dominates much of the state below the Arctic. Radiational
warming due to increased hours of sunlight helps to destabilize the atmosphere creating areas
of convection in the interior region. The convective storms can be triggered and intensified by
the passing of an upper-level trough or a cold front, which are more prevalent during the warm
season. Under the right large-scale pressure pattern, strong southwest flow over Alaska can
bring warm moist subtropical air from the Pacific into the state.

The remnants of tropical systems can be picked up in this flow and supply additional moisture
for the air mass as it surges northeast over the Alaska Range. Such was the case in August 1967
when the Fairbanks area received more than half of its annual precipitation amount in less than
a week.”

Monthly Patterns of Extreme Precipitation

Maximum 1-day precipitation depths are presented for nearest climate stations in Table 3.1-1
for each month of the year and for available period of record. These data show that summer
months — and in particular, June, July and August — return largest 1-day precipitation
observations. A subset of the data reported in Table 3.1-1 data (8 stations plotted) is shown in
Figure 3.1-1 (upper panel) and the plot clearly illustrates this pattern.

A seasonality analysis on extreme precipitation was included in NOAA (2012) for the State of
Alaska. An example of a seasonality graph from that study is presented in Figure 3.1-1 (lower
panel. This figure show the percentage of annual maxima for a given duration that exceeded
the NOAA Atlas 14 precipitation frequency estimates for the duration and selected annual
exceedance probabilities in each month. Like the upper panel of Figure 3.1-1, this panel
underscores the importance of June, July and August for realization of extreme precipitation.

Record length

This assessment was assembled with readily available Alaskan and Yukon climate station data,
and for stations showing ~20 years or more record. Stations with shortest periods of record
were: Little Gold Creek, Stewart River, Chisana, Alcan Hwy and Chicken. In contrast, several
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stations (e.g., Dawson, Eagle, Mayo and Northway, AP) show period of record in the range of
60 to >110 years.

24-hour, maximum precipitation series are shown for Dawson, Eagle, Mayo and Northway in
Figure 3.1-2. Consistent with recent research (e.g.,see Papineau, 2015 for a current synthesis)
data in figure 3.1-2 show evidence for inter-decadal variability in extreme precipitation. Of
note, there are two periods with generally larger extreme events: 1) 1930 to 1960; and 2) 1990
to the present. Current research points to the timing and phase of climate cycles (e.g., Pacific
Decadal Oscillation, Artic Oscillation, La Nina/El Nino) as potential controls on extreme
precipitation in this locale.
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Extremes (Maximum 1-day precipitation depths) at Alaska and Yukon climate stations.

Station

EAGLE

CHICKEN
BOUNDARY
ALCAN HWY
NORTHWAY AP
JATAHMUND
TOK

CHISANA
BEAVER CREEK A
SNAG A
STEWART CROSSING
STEWART RIVER
BURWASH
CARMACKS
DAWSON
LITTLE GOLD CREEK
KLONDIKE

MAYO
MCcQUESTEN
PELLY RANCH
COFFEE GOLD

JAN
152
05
12.7
13.0
20.1
137
26.7
24.4
183
19.8
12.0
122
122
16.0
196
26.0
35.6
18.4
152
12.7

FEB
12.7
8.1
5.1
21.3
155
6.4
26.7
14.2
25.0
13.7
12.0
13.2
9.6
23.0
155
25.0
16.5
16.0
13.5
11.9

MAR
145
8.1
10.7
13.2
9.4
13.2
12.7
8.4
115
19.3
16.0
12.7
22.9
10.0
224

21.8
16.0
15.0
20.0

1.3

APR
18.8
38.1
6.6
20.3
13.5
9.4
17.0
8.1
19.6
22.9
12.0
12.0
11.2
12.2
31.8
25.0
21.6
13.8
175
12.2

Table 3.1-1:
MAY = JUN
35.1 345
44.5 30.5
25.4 23.6
22.9 37.6
26.4 49.5
14.7 82.8
26.7 53.6
20.1 31.2
22.0 35.2
34.0 52.6
40.0 27.2
51.0 28.2
24.9 36.8
30.0 25.0
50.8 31.8
345 33.0
20.6 50.0
25.4 34.6
20.5 27.0
26.4 29.2
16.0 16.3

JUL
42.4
69.9
50.8
80.3
96.5
82.3
57.2
93.2
456
51.8
335
39.4
38.4
314
52.8
42.0
44.0
306
34.4
348
15.0

AUG
47.2
34.3
42.7
59.7
39.6
43.4
35.6
25.7
35.6
42.7
422
39.2
34.6
34.0
47.2
32.0
25.0
31.8
31.8
30.4
17.0

SEP
36.8
46.0
11.2
19.1
28.4
40.9
37.1
17.0
34.5
25.1
25.0
22.6
18.5
21.2
22.9
22.6
475
23.6
24.6
33.0
8.1

OCT
22.9
10.2
10.9
10.7
17.5
15.2
26.2
14.0
17.0
24.1
20.0
9.2
46.0
13.4
30.5
27.0
22.4
15.2
20.1
12.2

NOV
26.7
10.2
14.7
1.3
135
0.3
50.8
2.8
20.0
8.9
20.0
10.6
15.0
13.2
27.4

21.0
16.3
14.0
20.8
5.8

DEC
17.8
5.6
12.7
57.7
9.9
40.9
33.0
28.2
20.0
21.8
27.0
10.6
14.7
16.0
24.1

29.0
15.7
18.0
15.0
3.0

12

ANN
44.2
69.9
50.8
80.3
96.5
82.8
57.2
93.2
456
52.6
42.2
51.0
38.4
34.0
52.8
42.0
50.0
35.6
34.4
348
17.0
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Figure 5.3.8. Sample 24-hour seasonal exceedance graph.

Figure 3.1-1: Monthly distribution of period of record maximum 1-day precipitation at
climate stations near Coffee Creek (upper panel). The lower panel shows a
sample 24-hour seasonal exceedance graph for State of Alaska (from NOAA
2012).
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Figure 3.1-2: 24-hour, maximum precipitation records for Dawson, YK; Eagle, AK;
Mayo, YK; and Northway, AK.

A362-3 LORAX



MEMORANDUM — EXTREME PRECIPITATION — COFFEE CREEK 15

3.2 Frequency analysis results — Summer Rainfall

A summary of the frequency analysis results is presented below for five precipitation metrics
(i.e., 24-hour, 2-day, 3-day, 10-day and 30-day) and seven return periods i.e., 1:2, 1:5, 1:10,
1:25, 1:50, 1:100 and 1:200 year) in this section. This summary is presented in Tables 3.2-1
through 3.2-5 and Figures 3.2-1 through 3.2-5. Additional supporting tables and plots (e.g.,
precipitation depths regressed against each of station latitude, station longitude and station
elevation) related to the assessment are presented in Appendix B.

Overall, the upper bounding envelope and elevation up-scaling approaches returned
complimentary precipitation depths per metric and return period of interest. Of note, the 24-
hour and 2-day, 1:100 year and 200 year precipitation depths returned by the upper bounding
envelope approach were conservative compared to the results obtained through a scaling by
elevation. At this point in the feasibility study, Section 3.2 results are recommended for use in
mine planning and design studies. In circumstances where upper bound envelope estimates
exceed elevation up-scaling — and vice versa — the more conservative result (higher value) is
recommended for use.
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Table 3.2-1:
24-hour precipitation for various return periods and elevations

Annual exceedance probability (1:n years, 24-hour)

Gradient 1:2 1:5 1:10 1:25 1:50 1:100 1:200
(%) Elevation (m) yr yr yr yr yr yr yr
600 28 40 48 56 63 69 77
2.2 700 28 41 49 58 64 70 79
2.2 800 29 42 50 59 66 72 81
2.1 900 30 43 51 60 67 73 83
2.1 1000 30 44 52 62 68 75 84
2.1 1100 31 45 53 63 70 76 86
2.0 1200 32 45 54 64 71 78 88
2.0 1300 32 46 55 65 73 79 90
Upper bound
approach 31 44 51 63 75 88 108
120
100
B
£ ¥y
g 80 - v
2 L]
£ v
2 60
o y
o v
5 40
o
= ]
N
20
0

1:2yr 1:5yr  1:10yr 1:25yr 1:50yr 1:100yr 1:200yr

+ 1,200 m elevation M 1,300 m elevation » Upper bounding envelope

Figure 3.2-1: 24-hour precipitation for various return periods. Data are shown for the
1,200 and 1,300 m elevations as well as the result for the upper bounding
envelope approach.

A362-3 LORAX



MEMORANDUM — EXTREME PRECIPITATION — COFFEE CREEK

Gradient
(%)

24
2.3
2.3
2.2
2.2
21
21

Table 3.2-2:
2-day precipitation for various return periods and elevations

Annual exceedance probability (1:n years, 2-day)

1:2 1:5 1:10 1:25 1:50 1:100
Elevation (m) yr yr yr yr yr yr
600 32 45 53 62 70 77
700 33 46 54 64 71 78
800 34 47 55 65 73 80
900 35 48 56 67 75 82
1000 35 49 58 68 76 84
1100 36 50 59 70 78 86
1200 37 51 60 71 80 88
1300 38 52 62 73 81 89
Upper bound
approach 37 51 60 72 84 95
120
100
£
£
< 80 v
2 9
I
=
a 60 n
1
e L
Q
Z 40
k
o~
20
0
1:2yr 1:5yr  1:10yr 1:25yr 1:50yr 1:100yr 1:200yr

¢ 1,200 m elevation

m 1,300 m elevation

< Upper bound approach

17

1:200
yr
83
85
87
89
91
93
95
97

114

Figure 3.2-2: 2-day precipitation for various return periods. Data are shown for the 1,200
and 1,300 m elevations as well as the result for the upper bounding envelope
approach.
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Table 3.2-3:
3-day precipitation for various return periods and elevations

Annual exceedance probability (1:n years, 3-day)

Gradient 1:2 1:5 1:10 1:25 1:50 1:100 1:200
(%) Elevation (m) yr yr yr yr yr yr yr
600 37 50 58 68 75 86 99
3.0 700 38 51 59 70 78 89 101
29 800 39 53 61 72 80 91 104
2.8 900 40 54 63 74 82 94 107
2.7 1000 41 56 64 76 84 97 110
2.6 1100 42 57 66 78 86 99 113
2.6 1200 43 59 68 80 89 102 116
2.5 1300 44 60 69 82 91 104 119
Upper bound
approach 40 56 65 77 89 103 122
140
120 " E—
*
B
£ 100 .
c
2 .
2 80 v
x
B v
S 4
@ 60 ®
a8 ;
] o
o 40 <
]
20
0

1:2yr 1:5yr  1:10yr 1:25yr 1:50yr 1:100yr 1:200yr

+ 1,200 m elevation M 1,300 m elevation > Upper bound approach

Figure 3.2-3: 3-day precipitation for various return periods. Data are shown for the 1,200
and 1,300 m elevations as well as the result for the upper bounding envelope
approach.
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Table 3.2-4:
10-day precipitation for various return periods and elevations

Annual exceedance probability (1:n years, 10-day)

1:2 1:5 1:10 1:25 1:50 1:100
Elevation (m) yr yr yr yr yr yr
600 53 69 79 93 103 116
700 55 72 82 96 107 120
800 57 74 85 100 112 125
900 59 77 88 104 116 130
1000 61 80 91 107 120 134
1100 63 83 94 111 124 139
1200 65 85 97 115 128 143
1300 67 88 100 118 132 148
Upper bound
approach 60 77 90 107 120 137
180
]
160 *
e
£ 140 = -
£ *
=~ 120 - ;
c
=) =
= X
8 100 2
[ P
2 v
© 8o .
s
v
Z 60 :
=
S a0
20
0
1:2yr  1:5yr  1:10yr 1:25yr 1:50yr 1:100yr 1:200yr

¢ 1,200 m elevation

m 1,300 m elevation

. Upper bound approach

19

1:200
yr
129
134
140
145
150
155
160
165

158

Figure 3.2-4: 10-day precipitation for various return periods. Data are shown for the
1,200 and 1,300 m elevations as well as the result for the upper bounding
envelope approach.
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Table 3.2-5:
30-day precipitation for various return periods and elevations

Annual exceedance probability (1:n years, 30-day)

1:2 1:5 1:10 1:25 1:50 1:100
Elevation (m) yr yr yr yr yr yr
600 97 123 137 152 161 171
700 101 128 142 157 167 177
800 104 132 147 163 173 183
900 108 137 152 169 179 190
1000 111 141 157 174 184 196
1100 115 146 162 180 190 202
1200 118 150 168 185 196 208
1300 122 155 173 191 202 214
Upper bound
approach 108 140 155 180 200 225
300
250 .
B 5
£ u ¢
=~ 200 ]
S !
e
8 w
‘s 150 ¥ _
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Z 100 ‘
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o
™M
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20

1:200
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180
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245

Figure 3.2-5: 30-day precipitation for various return periods. Data are shown for the
1,200 and 1,300 m elevations as well as the result for the upper bounding
envelope approach.
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3.3 Snowpack and snow melt results

Snowpack and snow melt results relevant to this study are presented in Figure 3.3-1, Table 3.3-
2 and Table 3.3-2 below. Depending on the design/engineering aspect of the proposed project,
it may be necessary to consider magnitude of snow storage and rates of melt, in addition, to
depths of extreme rainfall.

Snow pack maxima, timing of melt, length of melt

Snow pillow results for six State of Alaska snow pillow stations are shown in Figure 3.3-1. The
Chisana, May Creek and American Creek stations are nearest the Coffee Creek property —
situated approximately 150-200 km away. These three stations have periods of record ranging
from 3 to seven years. The Granite Creek, Upper Chena and Teuchet Creek stations are situated
at slightly greater distance (>300 km) but show considerably longer period of record (>23 years
of record at each) and similar patterns overall.

Of note, these snow pillow data show local snow packs to reach their maxima by April 1 each
year. Onset of melt conditions varies little by site (Figure 3.3-1, upper panel), with ablation of
snowpack occurring in earnest by approximately April 15", These data show melt to be
complete, on average, between May 15" and June 1 — with longer duration melt at Upper Chena
attributed to higher elevation and deeper snow packs on average at this station. In the lower
panel of Figure 3.3-1, period of record SWE measurements for Chisana are shown to give
indication of between year variability in snow accumulation and snow melt. At this station,
duration of melt ranges from 10-25 days. The Chisana snow pillow is ~150 km from Coffee
Creek and situated at elevation ~1,000 m asl.

Snowmelt rates estimated from nearest snow pillow stations

Snowmelt rates were calculated from daily snow pillow records for the six State of Alaska snow
pillow stations. These rates are presented in Table 3.3-1, alongside station data (i.e., elevation,
location data and period of record) and SWE statistics for the six stations. Snowmelt statistics
in Table 3.3-1 were computed on the annual series of maximum melt rates per station and for
the period of record at each station.

Average of maximum annual melt rates were ~20 mm/day for five of the stations, noting that
the average rate was slightly higher and 27 mm/day at Upper Chena. The maximum of the
maximum annual melt rates was ~30 mm/day at three stations (Chisana, May Creek and Granite
Creek), but >50 mm/day at Teuchet Creek and Upper Chena (i.e., 53 mm/day at each location).
The next highest rate of melt computed at Teuchet Creek was 33 mm/day, potentially indicative
that the 53 mm/day is erroneous. However, at the Upper Chena station several rates of melt on
the order of 40 mm/day were computed from the available station data and supportive that melt
rates in the range 40-50 mm/day are conservative — but plausible.
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Return period estimates of snowpack for Coffee Creek

There are numerous State of Alaska and Yukon Territory snow course stations near the Coffee
Creek property. At these stations, 1% of month SWE data (e.g., Janl, Febl, Marl, Aprl) are
collected along a snow course and many of these stations show considerable period of record.

Snow course data are synthesized by Lorax (2015) to: better understand spatial patterns in snow
accumulation; estimate orographic effects for precipitation realized as snow; and summarize
return period estimates for snow at the Coffee Creek property. Return period SWE estimates
for the heap leach pad location (elevation ~1,300 m) are presented in Table 3.3-2. Coffee Creek
return period estimates of Apr 1 SWE were computed using Casino Creek snow course data
and a scaling factor for elevation of X%/100 m elevation. Data for two nearby snow course
stations (Pelly Farm, Casino Creek) are also presented in Table Y.

2015 Snow Surveys at Coffee Creek

Snow surveys at Coffee Creek are scheduled for early April 2015. Therefore, snow pack
estimates for the mine site are considered provisional, as it may be necessary to refine Table
3.3-2 values given the 2015 snow survey results. However, the provisional SWE estimates for
the heap leach pad and the melt rates estimated from snow pillow stations are believed to be
representative and robust and may be considered in screening level design and engineering
work for the project.
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Figure 3.3-1: Period of record average SWE data for snow pillow stations nearest Coffee
Creek (upper panel). Daily SWE data for Chisana snow pillow station for
period of record (2008-2015) (lower panel).
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Table 3.3-1:
Summary of snow water equivalent and snow melt rates from snow pillow stations near Coffee Creek
Parameter Chisana May Creek = American Creek Granite Creek Teuchet Creek | Upper Chena
Station Information Latitude 62.07 61.35 64.79 63.94 64.95 65.1
Longitude -142.05 -142.71 -141.23 -145.4 -145.52 -144.93
Elevation (m) 1012 491 320 378 500 867
Period of Record 2008-15 2007-15 2012-14 1998-2015 1981-2015 1987-2013
Complete years (n) 6 7 3 26 33 23
Snow water equivalent (SWE) Min SWE (mm) 91 104 94 61 53 86
Avg SWE (mm) 108 137 95 106 117 187
Max SWE (mm) 147 173 97 196 196 338*
ASnow melt rates Min (mm/day) 13 16 15 10 8 13
Avg (mm/day) 20 20 15 20 21 27
Max (mm/day) 28 30 15 30 53 53*

* Measurements reflect late May melting of a deep snow pack (year 1993).
A Statistics computed on the annual series of maximum melt rates (per station and for period of record).
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Table 3.3-2:
Return period estimates of April 1 snow pack (expressed as snow water equivalents) for
Pelly Farm, Casino Creek and Coffee Creek (Casino Creek scaled to elevation 1,300 m).

Maximum Annual SWE (mm)

Recurrence Probability of
In(t;:g;al Exceedance Pelly Farm  Casino Creek Casi?oolC’:;ggITﬂSSaled

200 0.995 37 71 77

100 0.99 41 76 82

50 0.98 44 82 88

oy 25 0.96 49 88 95
10 0.9 56 100 108

5 0.8 63 112 121

Mean 2 0.5 80 139 151
5 0.2 100 172 191

10 0.1 112 193 217

25 0.04 126 218 249

et 50 0.02 135 235 272
100 0.01 144 251 295

200 0.005 152 267 317

*Casino Creek snow course data were scaled to elevation 1,300 m using the estimated gradient X%/100 m. The derivation of this gradient is
presented in Lorax (2015).

4. Summary

This memo synthesizes regional climate data (rainfall, snowfall) for stations near (within 200
km radius) the Coffee Creek property. Specifically, return period estimates of extreme
precipitation (1:2 year, 1.5 year, 1:10 year, 1:25 year, 1:50 year, 1:100 year and 1:200 year) are
presented for an array of metrics (e.g., 24-hour, 2-day, 3-day, 10-day and 30-day precipitation
depths).

Precipitation depths recommended for the Coffee Creek property are presented in Section 3.2
and Appendix B of this memo. These precipitation estimates are intended for use in
infrastructure design and engineering studies at the Project Site, as well as the site-wide water
balance model — as appropriate.
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Appendix A: Frequency Analysis Results

Example — Northway AP (from NOAA, 2012)
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Table A1-1:
Precipitation Frequency Estimates for Northway, AP after NOAA (2012).

NOAA Atlas 14 Volume 7 Version 2
Data type: Precipitation depth

Time series type: Annual maximum
Project area: Alaska

Location name: Northway, Alaska, US*
Station Name: NORTHWAY AP
Latitude: 62.9667°

Longitude: -141.9333°

Elevation: 522 m*

PRECIPITATION FREQUENCY ESTIMATES (in mm)

by duration for AEP: '1/2 '1/5  '1/10 '1/25 | '1/50 '1/100 @ '1/200
5-min: 4 5 7 8 10 11 13
10-min: 5 7 9 11 13 15 18
15-min: 6 8 11 13 15 17 21
30-min: 8 11 14 18 20 23 27
60-min: 10 15 19 24 28 32 37
2-hr: 13 19 24 30 35 40 47
3-hr: 16 23 29 36 42 47 56
6-hr: 21 31 39 49 56 64 75
12-hr: 25 36 44 56 65 75 89
24-hr: 28 40 50 63 74 86 101
2-day: 33 47 57 72 84 97 112
3-day: 36 52 63 78 90 104 119
4-day: 39 55 67 83 96 109 125
7-day: 45 64 77 95 | 110 125 142
10-day: 50 71 85 105 @ 121 137 156
20-day: 68 95 113 137 156 176 197
30-day: 85 118 140 168 190 212 235
45-day: 110 151 177 210 234 258 282
60-day: 132 180 210 245 269 292 312
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Precipitation depth (mm)

AMS-based depth-duration-frequency (DDF) curves
Latitude: 62.9667°, Longitude: -141.9333°
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Figure A.1-1: Depth-duration-frequency plot for Northway, AP.
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Figure A.1-2: Depth-exceedance-duration plot for Northway, AP.
A362-3 LORAX



175°W 170°W 165°W 160°W 155°W 150°W 145°W
! ! ! ! ! ! !

64°N J ‘ ‘
| |
T+ L+t
| +++‘BHTMWL+++++++++4"++
o |
| 7_*,4*_—
e
t¢—¢—¢—r+++++f% .
‘
‘
T PO R » )
1 | L L+
62°N-| -
L+
500 W+ N
o
72/
‘
‘
*++++W++++*+*#
|
- o
T+++++++++T+++++++++ 64°N
-
60°N - Jr
(| \
T +*’+**+7++#+T+++++#++f
~62°N
| ‘x
LR S A h T
‘ \ ‘
™ ~— |
58°N- +T’*’*’*‘*’WL*WL**+1—&—&—&—#++++—+—4‘r+7
~60°N
56°N-|
N 1o 4"
, Q‘l(.c‘ &S
+ T .
o K
Kenai / .
i '
@
54°N-}
-56°N
< MR
5
foic
52°N-
~54°N
AR
' T L
OV |
A ~++++++++T++++++++
% + + 4+ 4 +
ey @ oA+ o+ o+ o+ o+
| @
50°N- - a
T o+ 4+ 4 4
J ++++++WL++++++++ TS "
5 TRl 52°N
o e
T
+ o+ o+
+ o+ o+ o+
oN|
o + o+ o+ .
e e Brr—————— I
56° N
| \
‘ el P e \
[ ‘ — i |
/ + o+ 4+ l . o+t
/ T+ o+ o+ 4 +++++++++J‘r |,
/ | | v}
J ‘ | + + + \
“‘ — ‘ | . L 4+t \
\

\ - \
180° 175°W

NOAA Atlas 14, Volume 7, Version 2
Alaska

Prepared by U.S. DEPARTMENT OF COMMERCE

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
NATIONAL WEATHER SERVICE

OFFICE OF HYDROLOGIC DEVELOPMENT
HYDROMETEOROLOGICAL DESIGN STUDIES CENTER
January 2012

0 30 60 90 120 150

e e Vs

0 50 100 150 200 250

e e e KilOmeters

I I I
165°W 160°W 155°W 150°W

ALASKA

Isopluvials of 2-year 24-hour precipitation in inches
SCALE 1:7,500,000

Projection: Alaska Albers Equal Area Conic; Datum NAD83; Standard Parallels: 65°N and 55°N; Central Meridian 154°W.

1 1 T
145°W 140°W 135°W

Figure A.1-3: 1:2 year, 24-hour rainfall map for the State of Alaska

M 051-1.00 [J4.01-500 M8.01-9.00 [112.01-12.70
B 1.01-2.00 05.01-6.00 [W9.01-10.00
[3201-3.00 [J6.01-7.00 M 10.01-11.00
03.01-400 E7.01-8.00 O11.01-12.00




175°W 170°W 165°W 160°W 155°W 150°W 145°W
! ! ! ! ! ! !

64°N ~ o / [ ] |
- | {
w++++++‘BHTFGW‘L+++++++++JT++++++
Lo~ {
/ \ : Y43 4/‘“)( e
\ - / | 4 e+ A +/+/F +
62°N “‘ e : —* | | Fr \ i \ L+
‘ Ry frt v+ +++++ T+ RS \ + e . A
- ) / T | ) 4 \ A\l 1501W
|4, 5 \ 4t |
- { T T =
\ 66° N [ 77"% aF +
%éiﬂ% 4o
| P .
7’»++++++, e
4 (
of ) )
+
++++QE@O@¢WL+++++
60°N
+++++++++% +@0€2¢+
4
4 g 0 4 .
s+++++++j+{g++++++++o+l‘r++? ®
| ‘ ,
| w Fairbanks . + +
+ 4 banks
T%+++®++++J‘r+++++’t+++ e
R g | . v
58°N-{ B e S a8
+++++++++l++++++
+++++@+++T++++
+++ |
+ |
++++1‘L+++++
56°N
0 N By . Y
"5-— ,"‘Rﬂ‘ g 8.
1985 52 GBI 710 . +
J’gf a0 Ao 16 S 1A
+ .”"%. %guor\ § %
PO RS LN
54°N-}
52°N+
50°N -
o+ o+
+ o4+ +
o —
48°N o+ o+ o+
il
s6° N—}-1
'
R e I i e T
T T
+ + 7F
+ + + 4 + 4+ o+ o4 g l L4 o+ 4 o+ o+ o+ o+ A+ 4‘, + +
{
+
| S S

I I ‘ I I
180° 175°W 155°W 150°wW

NOAA Atlas 14, Volume 7, Version 2

Alaska ALA S KA Figure A.1-4: 1:100 year, 24-hour rainfall map for the State of Alaska
Prepared by U.S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 0 30 60 90 120 150 Isopluvials of 100_year 24-hour precipitation in inches W 1.33-2.00 [J6.01-8.00 [ 12.01-14.00 [ 18.01-20.00
NATIONAL WEATHER SERVICE e e Miles
OFFICE OF HYDROLOGIC DEVELOPMENT SCALE 1:7.500.000 B 2.01-4.00 [J8.01-10.00 [ 14.01-16.00 [ 20.01-22.00
HYDROMETEOROLOGICAL DESIGN STUDIES CENTER 0 50 100 150 200 250 ’ ’

January 2012 E Kilometers Projection: Alaska Albers Equal Area Conic; Datum NAD83; Standard Parallels: 65°N and 55°N; Central Meridian 154°W. D 4.01-6.00 D 10.01 - 12.00 . 16.01 - 18.00 D 22.01 - 23.01




Appendix B: Frequency Analysis Results

B1. 24-hour, maximum precipitation
B2. 2-day, maximum precipitation
B3. 3-day, maximum precipitation
B4. 10-day, maximum precipitation

B5. 30-day, maximum precipitation
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B1. 24-hour, maximum precipitation
Table B1.1:
Frequency analysis results for 24-hour maximum precipitation for climate stations situated near Coffee Creek, YK.
Annual exceedance probability (1:n years, 24-hour)
Station Elevation (m) Latitude Longitude 1:2yr | 1:5yr  1:10yr 1:25yr 1:50yr 1:100 yr 1:200 yr

EAGLE 256 64.78 -141.20 24 33 39 46 52 58 64
CHICKEN 548 64.10 -141.92 29 41 50 63 74 85 100
BOUNDARY 793 64.07 -141.12 26 35 41 50 56 63 70
ALCAN HWY 549 62.82 -141.47 30 45 58 77 94 114 143
NORTHWAY AP 522 62.97 -141.93 28 40 50 63 74 86 101
JATAHMUND 701 62.60 -142.08 38 54 64 78 89 100 111
TOK 494 63.35 -143.05 29 42 50 61 70 78 87
CHISANA 1012 62.13 -142.08 26 34 39 45 49 53 57
BEAVER CREEK A 649 62.41 -140.87 30 37 42 48 52 56 60
SNAG A 587 62.37 -140.40 29 41 48 57 63 69 75
STEWART CROSSING 480 63.38 -136.68 24 32 38 46 52 57 63
STEWART RIVER 358 63.32 -139.43 27 39 46 55 62 67 73
BURWASH A 807 61.37 -139.04 27 34 37 41 43 45 46
CARMACKS 525 62.10 -136.30 19 25 29 33 36 39 42
DAWSON A 350 64.04 -139.13 20 27 33 41 48 55 63
LITTLE GOLD CREEK 1257 64.08 -141.00 31 36 40 46 50 54 59
KLONDIKE 973 64.45 -138.22 21 29 35 45 54 66 79
MAYO A 504 63.62 -135.87 19 25 28 32 35 38 41
MCQUESTEN 458 63.59 -137.52 22 29 33 37 41 43 46
PELLY RANCH 445 62.82 -137.37 21 28 32 37 39 42 44
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Figure B1.1: Frequency analysis results for 24-hour maximum precipitation for climate stations situated near Coffee Creek,
YK. In the plot, precipitation is regressed against station latitude.
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Figure B1.2: Frequency analysis results for 24-hour maximum precipitation for climate stations situated near Coffee Creek,

YK. In the plot, precipitation is regressed against station elevation (m).
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Figure B1.3: Frequency analysis results for 24-hour maximum precipitation for climate stations situated near Coffee Creek,

YK. In the plot, precipitation is regressed against station latitude.
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B2. 2-day, maximum precipitation

Table B2.1:
Frequency analysis results for 2-day maximum precipitation for climate stations situated near Coffee Creek, YK.

Annual exceedance probability (1:n years, 2-day)

Station Elevation (m) Latitude Longitude 1:2yr | 1:5yr  1:10yr 1:25yr 1:50yr 1:100 yr 1:200 yr
EAGLE 256 64.78 -141.20 29 39 45 54 61 68 75
CHICKEN 548 64.10 -141.92 35 49 59 74 88 102 121
BOUNDARY 793 64.07 -141.12 33 44 51 61 68 76 84
ALCAN HWY 549 62.82 -141.47 36 53 67 88 106 126 153
NORTHWAY AP 522 62.97 -141.93 33 47 57 72 84 97 112
JATAHMUND 701 62.60 -142.08 45 63 76 92 104 117 129
TOK 494 63.35 -143.05 36 50 59 72 81 90 100
CHISANA 1012 62.13 -142.08 32 42 48 56 61 66 70
BEAVER CREEK A 649 62.41 -140.87 39 50 58 69 76 84 92
SNAG A 587 62.37 -140.40 34 46 53 62 68 74 79
STEWART CROSSING 480 63.38 -136.68 28 38 44 51 56 61 65
STEWART RIVER 358 63.32 -139.43 30 43 52 63 71 79 86
BURWASH A 807 61.37 -139.04 32 42 48 54 57 61 64
CARMACKS 525 62.10 -136.30 23 30 36 43 49 55 62
DAWSON A 350 64.04 -139.13 24 32 38 45 51 57 63
LITTLE GOLD CREEK 1257 64.08 -141.00 37 45 51 59 66 73 80
KLONDIKE 973 64.45 -138.22 25 34 41 50 59 68 78
MAYO A 504 63.62 -135.87 23 30 35 40 43 47 50
MCQUESTEN 458 63.59 -137.52 28 36 41 46 49 52 55
PELLY RANCH 445 62.82 -137.37 26 35 40 46 49 52 55
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Figure B2.1: Frequency analysis results for 2-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station latitude.
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Figure B2.2: Frequency analysis results for 2-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station elevation (m).
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Figure B2.3: Frequency analysis results for 2-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station latitude.
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B3. 3-day, maximum precipitation

Frequency analysis results for 3-day maximum precipitation for climate stations situated near Coffee Creek, YK.

Station
EAGLE
CHICKEN
BOUNDARY
ALCAN HWY
NORTHWAY AP
JATAHMUND
TOK
CHISANA
BEAVER CREEK A
SNAG A
STEWART CROSSING
STEWART RIVER
BURWASH A
CARMACKS
DAWSON A
LITTLE GOLD CREEK
KLONDIKE
MAYO A
MCQUESTEN
PELLY RANCH

Elevation (m)
256
548
793
549
522
701
494
1012
649
587
480
358
807
525
350
1257
973
504
458
445

Latitude
64.78
64.10
64.07
62.82
62.97
62.60
63.35
62.13
62.41
62.37
63.38
63.32
61.37
62.10
64.04
64.08
64.45
63.62
63.59
62.82

Table B3.1:

Longitude
-141.20
-141.92
-141.12
-141.47
-141.93
-142.08
-143.05
-142.08
-140.87
-140.40
-136.68
-139.43
-139.04
-136.30
-139.13
-141.00
-138.22
-135.87
-137.52
-137.37

1:2yr
32
39
37
39
36
49
40
37
43
39
31
33
36
25
27
43
28
26
30
29

Annual exceedance probability (1:n years, 3-day)

1:5yr
42
54
49
58
52
69
55
48
57
51
41
47
46
33
36
55
38
34
39
39

1:10yr
49
65
58
72
63
82
65
55
68
58
47
57
51
39
42
63
46
38
44
45

1:25yr
59
82
68
93
78
100
78
63
82
65
55
69
56
47
49
72
59
44
49
53

1:50 yr
66
97
76
111
90
113
88
69
94
69
59
79
59
54
54
79
70
48
53
58

1:100 yr
73
114
84
132
104
126
98
74
106
73
64
88
62
60
60
86
84
51
56
63

B3-1

1:200 yr
82
136
92
158
119
140
108
79
119
76
68
98
64
67
65
92
99
54
58
68
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Figure B3.1: Frequency analysis results for 3-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station latitude.
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Figure B3.2: Frequency analysis results for 3-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station elevation (m).
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Figure B3.3: Frequency analysis results for 3-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station latitude.
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B4. 10-day, maximum precipitation

Frequency analysis results for 10-day maximum precipitation for climate stations situated near Coffee Creek, YK.

Station
EAGLE
CHICKEN
BOUNDARY
ALCAN HWY
NORTHWAY AP
JATAHMUND
TOK
CHISANA
BEAVER CREEK A
SNAG A
STEWART CROSSING
STEWART RIVER
BURWASH A
CARMACKS
DAWSON A
LITTLE GOLD CREEK
KLONDIKE
MAYO A
MCQUESTEN
PELLY RANCH

Elevation (m)
256
548
793
549
522
701
494
1012
649
587
480
358
807
525
350
1257
973
504
458
445

Latitude
64.78
64.10
64.07
62.82
62.97
62.60
63.35
62.13
62.41
62.37
63.38
63.32
61.37
62.10
64.04
64.08
64.45
63.62
63.59
62.82

Table B4.1:

Longitude
-141.20
-141.92
-141.12
-141.47
-141.93
-142.08
-143.05
-142.08
-140.87
-140.40
-136.68
-139.43
-139.04
-136.30
-139.13
-141.00
-138.22
-135.87
-137.52
-137.37

1:2yr
46
57
54
56
50
70
51
48
63
56
44
48
53
39
38
69
48
39
45
42

Annual exceedance probability (1:n years, 3-day)

1:5yr
60
77
73
80
71
97
69
63
84
72
57
64
66
52
51
86
62
49
57
56

1:10yr
69
92
85
98
85
116
81
73
98
83
64
72
73
59
59
98
73
55
64
65

1:25yr
80
115
101
123
105
141
96
85
115
95
72
80
80
68
71
114
89
62
72
76

1:50 yr
89
135
113
145
121
161
108
94
128
104
78
85
84
74
80
127
103
68
78
85

1:100 yr
98
158
125
168
137
181
120
102
141
112
83
89
88
79
89
140
119
72
83
93

B4-1

1:200 yr
108
190
138
196
156
204
132
110
153
120
87
93
90
85
98
154
136
77
87
101

A362-3

LORAX



MEMORANDUM — EXTREME PRECIPITATION — COFFEE CREEK

B4-2
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Figure B4.1: Frequency analysis results for 10-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station latitude.
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Figure B4.2: Frequency analysis results for 10-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station elevation (m).
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Figure B4.3: Frequency analysis results for 10-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station latitude.
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B5. 30-day, maximum precipitation
Table B5.1:
Frequency analysis results for 30-day maximum precipitation for climate stations situated near Coffee Creek, YK.
Annual exceedance probability (1:n years, 30-day)
Station Elevation (m) Latitude Longitude 1:2yr  1:5yr  1:10yr | 1:25yr | 1:50yr 1:100 yr 1:200 yr

EAGLE 256 64.78 -141.20 80 102 115 131 143 154 165
CHICKEN 548 64.10 -141.92 97 128 152 187 218 254 300
BOUNDARY 793 64.07 -141.12 97 128 148 174 193 212 231
ALCAN HWY 549 62.82 -141.47 95 133 159 194 220 248 279
NORTHWAY AP 522 62.97 -141.93 85 118 140 168 190 212 235
JATAHMUND 701 62.60 -142.08 120 164 194 232 262 291 318
TOK 494 63.35 -143.05 78 104 121 143 159 175 191
CHISANA 1012 62.13 -142.08 75 101 117 136 150 163 175
BEAVER CREEK A 649 62.41 -140.87 123 162 184 210 226 241 254
SNAG A 587 62.37 -140.40 99 129 144 161 171 179 186
STEWART CROSSING 480 63.38 -136.68 80 95 102 108 111 114 116
STEWART RIVER 358 63.32 -139.43 73 91 99 106 109 112 114
BURWASH A 807 61.37 -139.04 62 77 87 100 110 120 130
CARMACKS 525 62.10 -136.30 71 92 104 118 128 136 144
DAWSON A 350 64.04 -139.13 70 88 100 115 126 137 147
LITTLE GOLD CREEK 1257 64.08 -141.00 117 144 163 190 212 236 262
KLONDIKE 973 64.45 -138.22 94 116 127 139 146 152 157
MAYO A 504 63.62 -135.87 70 88 99 112 121 130 137
MCQUESTEN 458 63.59 -137.52 78 101 116 134 146 158 170
PELLY RANCH 445 62.82 -137.37 72 93 106 122 134 144 155
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Figure B5.1: Frequency analysis results for 30-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station latitude.

A362-3

LORAX



MEMORANDUM — EXTREME PRECIPITATION — COFFEE CREEK B5-3

350
5
300 *
E .
b *
E 0 &
c * }
.0 X S ¢
-g ’ X
x 200 ® 0 g, A X
S o y .
o + P e
R A B %
G , o % X
> % %7 HE nm -
3 2 <
2 100 il B
mn u
" |
50
0 T T T T T
200 400 600 800 1000 1200 1400
Elevation (m)
B 1lin2year A 1in10year % 1in 50 year ¢ 1in200year
------ Linear (1in 2 year) -~ Linear (1in 10 year) ------ Linear (1in 50 year) ------ Linear (1in 200 year)
y=0.0315x+67.47 y=0.0597x+127.19 Y=0.0763x: 14645
R?=0.1908 R?=0.1067 R*=0.0913

Figure B5.2: Frequency analysis results for 30-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station elevation (m).
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Figure B5.3: Frequency analysis results for 30-day maximum precipitation for climate stations situated near Coffee Creek, YK.
In the plot, precipitation is regressed against station latitude.
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] ENVIRONMENTAL
MEMORANDUM
To: Allison Rippon Armstrong, Kaminak Gold Corp Date: 26 Aug, 2015
From: Scott Jackson and Colin Fraser Project #: A362-3

Subject: Probable Maximum Precipitation Estimate — Coffee Creek

1. Introduction

1.1 Memo Objectives and Layout

This memo presents an estimate of the 24-hour Probable Maximum Precipitation (PMP) for the
Coffee Gold Project.

This precipitation estimate is intended for use in infrastructure design and engineering studies at
the Project Site, as well as the site-wide water balance model — as appropriate.

Methods for this analysis are presented in Section 2 below. This section describes the climate
stations considered in the analysis, the statistical method used to derive the PMP estimates for all
relevant regional stations, and the scaling factors used to adjust valley bottom estimates to the
heap leach facility elevation of 1,300 m asl. Results are presented in Section 3 of the memo.

2. Methods

2.1 Sources of Data

The Coffee Creek property is situated ~80 km from the Alaska border. Two main sources of
climate data were used to assemble this memo:

1) NOAA Atlas 14, Precipitation-Frequency Atlas of the United States, Volume 7 Version
2.0: Alaska, and,;

2) Environment Canada daily climate station data (within 200 km radius of proposed heap
leach facility).

Further details on the datasets, information used in the frequency analyses and assumptions are
provided in Lorax (2015a).

State of Alaska and Yukon Territory climate stations situated near the Coffee Creek property are
listed in Table 2-1. Of these 20 stations (i.e., Coffee Creek location excluded), 10 showed period
of record >30 years and were included in a frequency analysis. Three of the 10 climate stations
are situated in Alaska with the remaining seven being in the Yukon Territory. A map showing
the location of relevant climate stations is provided as Figure 2-1.

Prior to conducting the PMP analysis on the available datasets, raw climate data files were
inspected and explored to identify spatial, temporal and orographic patterns within. Some
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preliminary findings from this initial data inspection are presented in Section 3.1, noting that
Alaska and Yukon climate stations are also described and compared to Coffee Creek baseline
climate measurements under a separate cover (see Lorax 2015b).

The download and QA/QC of the raw datasets is described in detail in Lorax (2015a), and the
same time series of annual daily precipitation maxima data described therein were used for the
PMP analysis presented here. The tabulated 1-day annual maximum precipitation amounts from
both the Alaskan and Yukon stations were adjusted upward by a factor of 1.12, as recommended
by Hershfield (1961), and consistent with NOAA (2012). This scalar accounts for the fact that
daily precipitation amounts calculated based on a fixed start and end of a 24-hour period (i.e.,
midnight) will be lower than a rolling 24-hour total of the same event.

Table 2-1:
Alaska and Yukon Climate Stations near the Coffee Creek Property

Station State, Prov | Elevation (m) | Latitude | Longitude | Distance to Site (km) Period of Record*
EAGLE AK 256 64.783 -141.200 225 1902 to present (82)
CHICKEN AK 548 64.100 -141.917 180 1911 to present (20)
BOUNDARY AK 793 64.067 -141.117 160 1948-1957 (10)
ALCAN HWY AK 549 62.817 -141.467 105 1990 to present (20)
NORTHWAY AP AK 522 62.967 -141.933 125 1943 to present (63)
JATAHMUND AK 701 62.600 -142.083 140 1991 to present (20)
TOK AK 494 63.350 -143.050 190 1959 to present (41)
CHISANA AK 1,012 62.133 -142.083 160 1988 to present (19)
BEAVER CREEK A YK 649 62.410 -140.868 90 1968 to present (37)
SNAG A YK 587 62.367 -140.400 80 1943-1966 (23)
STEWART CROSSING YK 480 63.383 -136.683 150 1963-2008 (24)
STEWART RIVER YK 358 63.317 -139.433 50 1976-1993 (18)
BURWASH A YK 807 61.371 -139.040 170 1966 to present (45)
CARMACKS YK 525 62.100 -136.300 180 1963 to present (41)
DAWSON A YK 350 64.043 -139.128 130 1897 to present (114)
LITTLE GOLD CREEK YK 1,257 64.083 -141.000 155 1974 to 1999 (17)
KLONDIKE YK 973 64.453 -138.216 185 1966 to 2010 (37)
MAYO A YK 504 63.617 -135.867 195 1924 to present (88)
MCQUESTEN YK 458 63.594 -137.523 120 1986 to present (28)
PELLY RANCH YK 445 62.817 -137.367 100 1952 to present (59)
COFFEE GOLD YK 975 62.877 -139.300 0 2012 (July) to present

*Bracketed values indicate number of years (n) incorporated into the PMP analysis. Stations in bold were included in the PMP
analysis.
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2.2  Probable Maximum Precipitation Analysis

The probable maximum precipitation is defined as the greatest depth of precipitation for a
given duration possible for a design watershed or a given storm area at a particular location at
a particular time of year, with no allowance made for long-term climatic trends (WMO,
2009). Estimation methods are categorized as either statistical or hydro-meteorological
(moisture maximization and storm transposition).

The statistical method is much simpler than the hydro-meteorological method, and does not
have the same data requirements (e.g., dew points and wind vectors). It is based on extensive
analyses of thousands of station records, which provide the enveloping value (Km) on which
the method is based. It should be noted that the procedure will only provide a point estimate
(as opposed to a basin-wide average), and so must be scaled using an area-reduction curve for
application to basins larger than 1000 km? (WMO, 2009). Given that the contributing areas
for Project infrastructure are much lower than this, the application of area-reduction curves is
not necessary.

The statistical procedure follows the methodology presented in Hershfield (1961), and as
summarized by the WMO (2009). It is based on the general frequency equation:

Xt = Xn + Kon [1]

where X; is the rainfall for return period t, X, and on are the mean and standard deviation
(respectively) of the series (n) of annual daily precipitation maxima, and K is a variable that
varies with the frequency distribution fit to the annual maxima series.

Km represents the empirical factor that substitutes for K in Equation 1 to estimate the point
PMP. Originally, it was thought that Km = 15, but was later found to be a function of event
duration and the mean annual maximum rainfall (Hershfield, 1997). The function to derive Kn
for a 24-hour storm duration is presented in Hogg and Carr (1985):

Km24 - 19(10)-0.000965)? [2]

Kme4 was calculated for all regional stations (range of 17.3 to 18.2 was determined), and then
inserted into Equation 1 to calculate the PMP value for each station. For reference, the Kmas
value calculated from the isoline map in Hogg and Carr (1985) is 18.2.

Variation with Elevation

Lorax (2015b) presents the regional elevation gradient for summer precipitation (4%/100 m).
Since the issuance of that report, two additional tipping bucket rainfall gauges were installed
at the camp (425 m), and at ridge top ~1,200 m). The data collected to date in 2015 suggest a
site-specific gradient of 3%/100 m for rainfall. For the purposes of this analysis, the more
conservative gradient (4%/100 m) was used to scale the 24-hour PMP estimates derived for
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the valley bottom stations to the elevation of the proposed heap leach facility at 1300 m
(Table 3-1).

3. Results

3.1 Extreme precipitation — Processes, patterns, record length
Processes

Cassano and Cassano (2010) analysed sea level pressure patterns for the Yukon River basin
and found that the winter circulation patterns are dominated by the strong Aleutian Low. By
comparison, summer patterns are characterized by low pressure systems over land and the
Beaufort/Chukchi Sea and weak high pressure cells to the north - resulting in
easterly/northeasterly circulation into the Basin.

The authors found that in the summer, largest daily precipitation events (i.e., top 10th and 1st
percentile daily totals, on an annual basis) were associated with an increased frequency of
cyclones and over-land convective events. Evapotranspiration rates are highest during the
summer, and therefore additional moisture is recycled and available to precipitate. Synoptic
patterns and mechanisms governing summer and winter precipitation near the Coffee Creek
property are discussed further in Lorax (2015b).

Monthly Patterns of Extreme Precipitation

Lorax (2015a) presents the monthly distribution of maximum 1-day precipitation for the study
area (refer to Table 3.1-1 and Figure 3.1-1 in that memo). Period of record monthly maximum
1-day precipitation depths are presented again for nearest climate stations in Table 3.1 below.
Consistent with the synoptic understanding of precipitation distribution, the largest 1-day
precipitation events consistently occur in the months of June, July and August.

Figure 3-1 shows the 24-hour annual maxima series for the Dawson A, Eagle, Mayo A and
Northway AP stations. These data show evidence for inter-decadal variability in annual
maxima. There are two periods with generally larger precipitation events: 1) 1930 to 1960;
and 2) 1990 to the present. Currently, the timing and phase of long-term climate cycles (e.g.,
Pacific Decadal Oscillation [PDO], Arctic Oscillation [AO], and EIl Nifio Southern Oscillation
[ENSO]) are thought to influence the magnitude and frequency of extreme precipitation
events in this region (e.g., Papineau, 2015).

A362-3 LORAX
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Figure 3-1:  24-hour, maximum precipitation records for Dawson, YK; Eagle, AK;
Mayo, YK; and Northway, AK. Source: Lorax, (2015a).
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3.2 PMP estimates

The results of the regional PMP analysis for all stations with >30 years of annual maxima data
are presented in Table 3-1.

Table 3-1: PMP estimates for Alaskan and Yukon stations

Elevation Longitude Scaled
Station (m) © n Maximum Mean [ Kma2a PMP (mm) to 1300 m
TOK 494 -143.050 41 64.0 32.0 13.1 17.7 263.5 361.5
NORTHWAY AP 522 -141.933 63 106.7 30.8 16.4 17.7 322.5 437.5
EAGLE 256 -141.200 82 52.9 26.0 9.3 17.9 192.8 290.3
BEAVER CREEK A 649 -140.868 37 51.1 30.8 8.4 17.7 179.9 232.2
DAWSON A 350 -139.128 114 59.1 21.7 9.4 18.1 192.4 279.2
BURWASH A 807 -139.040 50 51.5 27.6 9.3 17.9 193.1 234.3
KLONDIKE 973 -138.216 37 56.0 23.9 10.0 18.0 204.2 232.1
MCQUESTEN 458 -137.523 28 38.5 22.6 7.4 18.1 155.5 216.4
PELLY RANCH 445 -137.367 57 39.0 22.3 7.6 18.1 159.2 222.7
CARMACKS 525 -136.300 41 38.1 20.1 6.3 18.2 135.1 183.1
MAYO A 504 -135.867 88 38.8 20.1 6.1 18.2 130.9 178.8
Minimum 256 -143.050 28 38.1 20.1 6.1 17.7 130.9 178.8
Maximum 973 -135.867 114 106.7 32.0 16.4 18.2 322.5 437.5
Mean 544 -139.136 58 54.2 25.3 9.4 18.0 193.5 260.7

Variation with Longitude

As outlined in Lorax (2015a), a strong longitudinal precipitation gradient is evident, and this
holds true for the PMP estimates as well (Figure 3-2). Higher values are located further west
closer to the coast, and lower values in the eastern portion of the region, as the climate
becomes more continental.

As a result, a PMP estimate for the Coffee Gold site would be biased higher (lower) if it
includes results from stations that are located in the western (eastern) portion of the study
area. Therefore, a similar approach to that taken in Lorax (2015a) was employed here, and the
stations closest to the Project site (-139.3°W) were assumed to best represent the Project site.
These stations are highlighted in bold in Table 3-1. The McQuesten record was not included,
as it had 28 years of data. However, its inclusion would not substantially affect the final result
(Xt =236 mm if included).
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Figure 3-2:  24-hour PMP estimates for regional stations, plotted by longitude. The
longitude of Coffee Gold Project is shown by the green line.

24-hour PMP Estimate

The average of the scaled 24-hour PMP estimate from the five representative stations is 240
+/- 22 mm (Table 3-2). For reference, the estimates derived from the isoline maps provided in
Hogg and Carr (1985) and NOAA (1963) have also been included. When estimating the
magnitude of low-frequency hydro-meteorological events, it is best practice to utilize the
longest record period possible, to ensure that the sample (n) is adequately representative of the
population (all precipitation events). Consistent with the estimates of extreme precipitation
presented in Lorax (2015a), it is recommended that the upper-bound estimate be carried
forward as the design value. In this case, it is the value based on the Dawson A climate record
(279 mm). This is the longest record available for the Project region, with 114 years of data
used in this analysis. It captures a period of relatively higher annual precipitation maxima
(1940s-1960s) that may not be adequately represented by the records of the other stations
included in Table 3-2.
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Table 3-2:  PMP estimates for near-Project stations (scaled to 1,300 m).

24-hour

Station PMP (mm)
DAWSON A 280
PELLY RANCH 223
MCQUESTEN 216
BURWASH A 234
BEAVER CREEK A 232
KLONDIKE 232
AVERAGE 240
[y 22
Hogg and Carr (1985) 221*
NOAA No.47 (1963) 254

*The value derived from the isolines was adjusted by a factor of 1.5 to account for orographic enhancement in mountainous
terrain (in non-coastal mountains above 800 m and for events >12 hours), as recommended.

4, Summary

Twenty regional precipitation records were considered in the development of the 24-hour
PMP estimate for the Coffee Gold Project. Of these, ten stations had sufficient record lengths
to be carried forward for statistical analysis. A strong gradient (decreasing from west to east)
was noted in the PMP estimates, and a sub-set of stations closer to the Project site were
carried forward. The estimates derived for the regional (low-elevation) climate stations were
scaled to the elevation of the proposed heap leach facility (1,300 m), consistent with the
available information on precipitation gradients for the Coffee Creek site. The 24-hour PMP
value recommended for use going forward is 280 mm.
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1. Introduction

Kaminak Gold Corporation (Kaminak) is in the process of developing and permitting the
Coffee Gold Project (Project), a proposed heap leach operation located in west-central
Yukon, approximately 180 km south of Dawson City. The Project is located within the
traditional territory of the Tr'ondék Hwéch'in and the asserted traditional territory of the
White River First Nation. A portion of Kaminak’s claim block is located in Selkirk First
Nation’s traditional territory. Currently the Project is undergoing a detailed Feasibility
Study with project engineering and design progressing with full consideration of
environmental conditions within the project area.

Climate, meteorological conditions and attendant hydrological systems at the Coffee Gold
Project influence engineering design parameters, in particular the heap leach design, heap
leach water balance, site wide water balance and ultimately comprehensive site wide water
management systems. Existing climate conditions at the Coffee Gold Project are unlikely
to remain static and consideration of potential climate change scenarios are being
incorporated into project planning. Kaminak commissioned Lorax Environmental Services
Ltd. (Lorax) to conduct a climate change analysis for the Coffee Gold Project. The
analysis, the subject of the following report, was prepared by Dr. Thomas Pedersen,
Director, Lorax and current Director, Pacific Institute for Climate Solutions, University of
Victoria; Dr. Pedersen also serves as Chair, Canadian Climate Forum.

Within a few to several decades global warming is projected to have a profound impact at
high latitudes in both hemispheres. Impacts are already being widely felt: in the polar and
sub-polar regions of northern Canada, average annual temperatures are rising—
dramatically in some areas; regional snow cover is declining; glaciers are retreating;
permafrost is thawing, particularly at lower elevations; and the areal coverage and
frequency of wildfires are both on the rise. Such phenomena are summarized in the 2014
Yukon State of the Environment Report (http://www.env.gov.yk.ca/publications-
maps/documents/SOE 2014 Web.pdf).

Climate-model projections suggest that the character of seasonal climate will also change
significantly over the course of this century: winters on the whole will be warmer and
wetter in the North while summers will be hotter and drier. Weather extremes, including
heat waves and intense rainfall events are projected to become more frequent. There will
also be, and already are, associated biological and ecological changes. Biomes are moving
north, while optimal habitats for some plant and animal species are moving upward to
higher-elevation (thus, cooler) areas. Each of these physical and biological impacts will
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have effects across the Coffee Creek region that need to be considered in planning over the
longer term.

As discussed in the following sections, if human society continues to follow the
greenhouse-gas emissions pathway that is currently in place, within several decades the
climate of the North, including the south-central Yukon, will be notably different. By the
year 2100, average temperatures at the Coffee Creek Project site can reasonably be
expected to be 3°C to 5°C warmer relative to the waning decades of the last century.
Average annual precipitation at Coffee Creek may not change so notably. However,
summer and winter can be expected to be slightly wetter in the future, with spring and fall
seasons projected to see little net change in precipitation abundance.

Overall, warming is anticipated to be particularly pronounced in the summer at Coffee
Creek and this will lead to a later freeze-up in fall and an earlier thaw in spring, according
to the model results. In tandem, this yields a growing season that is as much as one month
longer by the end of the century and implies a significantly lengthened duration for above-
zero temperatures and consequent negative implications for permafrost integrity in the

region.
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2. Background to
Climate Change Projections

Global climate models (GCMs) use a physical representation of the ocean-land-atmosphere
system under various climate-forcing scenarios to project future mean climatic states. Over
the last two decades, the international modeling community has established two sets of
potential emissions pathways, the first published in 2000 by the Intergovernmental Panel
on Climate Change (IPCC), as a Special Report on Emissions Scenarios (SRES). Four
‘scenario families’ (A1, A2, B1, B2) were outlined in that report that spanned possible 21
Century (and beyond) emissions pathways resulting from different global population and
economic growth trajectories, varying emphases on energy sources (renewables versus
fossil fuels) and materials energy intensities, and variable emphasis on local to global
solutions (IPCC SRES, 2000). The A2 scenarios encompassed continuously increasing
population and regional economic development in a world of independent, self-reliant
nations. These defined the most rapid increases in emissions trajectories over the next 100
years.

A more recent set of scenarios, ‘Representative Concentration Pathways’ (RCPs) was
produced for the Fifth Assessment Report of the IPCC released in 2014. RCPs describe
four potential emissions trajectories (RCP2.6, RCP4.5, RCP6.0 and RCP8.5, Figure 2-1)
that, like SRES pathways, could be possible depending on future international climate
mitigation policies and primary socioeconomic influences including economic and
population growth, fossil-fuel-derived energy intensity per unit of GDP, and technological
advances.

The number associated with each RCP refers to an assumed change in radiative forcing by
the year 2100 in Watts/m?, relative to pre-industrial time. RCP 8.5 (i.e., 8.5 W/m? of
additional forcing by 2100) represents the “worst-case” scenario, and includes all
greenhouse gas contributions, not just that from carbon dioxide. Two key points emerge
when all four RCP scenarios are considered. First, regardless of which pathway is chosen,
there is little difference in impact on global average surface temperature prior to mid-
century, but after that point, the divergence is progressive and striking. By the year 2100,
for example, should we follow the RCP 8.5 scenario, global average surface temperature
increases relative to pre-industrial time will be on the order of 4-5°C (Figure 2-2). This
outcome is very similar to that projected by the SRES A2 scenario. In contrast, temperature
change can be held to <2°C by 2100 (Figure 2-2) if global society instead follows the RCP
2.6 pathway (the green curve in Figure 2-1, and the royal blue curve in Figure 2-2). Second,
current emissions rates define a trajectory that is actually slightly worse than the RCP 8.5
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pathway (note the labelled star in Figure 2-1). Given that, and considering the need to be

conservative in forecasting potential future climatic changes, we adopt the worst-case
scenario here. The SRES A2 pathway is very similar to the more recent RCP 8.5 trajectory,

and is used in the future-climate projections that follow.
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Figure 2-1:

Adapted from Moss et al. (2008), and
https://en.wikipedia.org/wiki/Representative_Concentration Pathway
s#t/media/File:All forcing agents CO2 equivalent _concentration.png.
The red star illustrates the approximate concentration of all
greenhouse gases at present, scaled as CO2-equivalent, equal to about
480 ppm of carbon dioxide in the atmosphere. The four IPCC
Representative Concentration Pathways are shown to the year 2100 by
the four coloured lines, each of which was calculated based on sets of
socioeconomic and population growth assumptions
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Figure 2-2:  Projected global average temperature changes to the end of the
Twenty-first Century relative to the late 19" Century, as a function of
CO; emissions and time. Change in global temperature from 1870 to
2010 as a function of estimate emissions is shown by the black line. Dots
for each pathway mark decade endpoints. If humanity follows the RCP
8.5 pathway, average global temperature at the end of this century will
be ~4.5 * 1.5 °C higher than in the 1861-1880 period. The figure has

been modified from Figure

10 of:

www.ipcc.ch/pdf/presentations/ars5/wql/pc270913 appr spm stocker.
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3. Methods and Data Sources

The two principal climate variables, temperature and precipitation, are discussed here for
the region approximately bounded by longitudes 138.6 and 139.8°W and 62.7 and 63.0°N.
The Coffee Creek heap leach site sits near the centre of this ~2300 km? quadrant. Projected
dates of spring thaw and fall freeze are also included in the following discussion.

Modeled historical climate averages and future projections were obtained from the
Scenarios Network for Alaska and Arctic Planning (SNAP) at the University of Alaska,
Fairbanks, which produces climate information for Alaska and the Yukon region. All
parameters specified for the projections that follow (Figure 4-1 through Figure 6-3). The
following periods have been selected from the SNAP data to represent key phases of the
proposed Coffee Gold Project:

e Historical (1961-1990)

e End of operations/closure (2030-2039)
e Post-closure (2060-2069)

e End of projections (2090-2099)

SNAP uses a statistical downscaling approach to apply baseline climate states projected by
general circulation models (GCMs) onto high-resolution topography. The approach used—
—“the  delta  method”, descriptions of which can be found at
https://www.snap.uaf.edu/methods/downscaling and http://www.ccafs-

climate.org/statistical downscaling_delta/ - draws on a suite of five top-ranked climate

models of both past and future climate. Outputs discussed here are based on downscaled
five-model averages.

Data sources, described at https://www.snap.uaf.edu/methods/data, yield a 2 km spatial

resolution for the Yukon region that relies on PRISM (Parameter-Elevation Relationships
on Independent Slopes Model) data and technology developed originally by Daly et al.
(2008) at Oregon State University. PRISM technology is considered by regional climate
modelers internationally to be state of the art. As noted above, the projections below are
based on the [IPCC SRES (2000) A2 scenario, which can be considered to be the ‘worst
case’ future emissions trajectory. It must be emphasized, however, that global emissions
today and over the previous decade exceed the pathway assigned by the constructed A2
scenario. “Worst case” may, therefore, prove to be an understatement.

3-1



4, Temperature Projections

Average annual temperatures are projected to rise significantly in the Coffee Creek region
over the course of this century. The current annual average, about -3°C at the Coffee Gold
Project site (Lorax, 2015), is forecast to rise by 3 to 5 degrees C by the end of the century,
to on the order of +1 + 1°C (Figure 4-1).

Average seasonal temperatures are projected to increase by a similar amount in spring, fall
and winter, but will likely rise more dramatically in summer (compare Figure 4-2, Figure
4-4 and Figure 4-5 with Figure 4-3). Lorax (2015) estimated that June-July-August
temperature for the project site at present is +11.3°C. By the end of the century, that
‘summer average’ temperature is projected to be between 14.9 and 16.5°C using the A2
scenario (Figure 4-3), an increase of some 3 to 5°C relative to average conditions today.
Note that this projection is scenario dependent and therefore uncertain. Should greenhouse
gas emissions increase at a rate less than that proscribed by SRES A2, end-of-century
temperature increases in all seasons across the North would likely be lower. However,
current global practices, as described above, do not support grounds for optimism: it is
certain to warm at Coffee Creek over the course of this century, with a high probability
that the increase will be several degrees across all seasons, with summer showing the
largest change.

There is one caveat that applies at the seasonal level: episodic temperature inversions are
common in Yukon valleys in winter, particularly January, as noted by Lorax (2015).
Anecdotally, these can lower temperatures by as much as 15°C on a valley floor relative to
nearby elevations upslope (personal communications, S. Mooney, Yukon Research Centre,
Whitehorse, and Prof. David Atkinson, University of Victoria). = PRISM-based
reconstructions take into account such abrupt climatic shifts with elevation across Alaska
and the Yukon by assigning two layers to the atmosphere: the boundary layer and the free
atmosphere above it (Simpson et al., 2005). Inversions are determined in the PRISM
database by comparing surface station data with the Global Gridded Upper Air Statistics
data set, as noted by Simpson et al (2005), and are taken into account in the SNAP
projections (personal communication, Dr. Faron Anslow, Pacific Climate Impacts
Consortium, University of Victoria). Thus, winter average temperatures along the Yukon
River projected by SNAP for the Coffee Creek region incorporate the statistical likelihood
that inversions will continue to occur episodically.
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TEMPERATURE PROJECTIONS
CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION
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Temperature averages modeled using SNAP (see text) across the Coffee Creek region for both the past (1961-

1990) and three future decades (2030-2039 — End of operations/Closure; 2060-2069 — Post-closure; and 2090-
2099 - End of projections). The dashed rectangle marks the project site. The Yukon River (labelled) runs
across the northeast corner of each panel. The 1961-1990 average is scaled using PRISM technology (see
text) from data collected at multiple Yukon weather stations, and the constructions for three future decades
are based on the SRES A2 scenario (see text). Spatial resolution of the model output is 2 km, as illustrated

by the square grid cells (2 km per side).
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TEMPERATURE PROJECTIONS

CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 4-3
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Figure 4-2:  Temperature averages for Spring across the Coffee Creek region for both the past (1961-1990) and three
future decades. The dashed rectangle marks the project site. Spatial resolution of the model output is 2 km.
Data shown are from SNAP. See Figure 4-1 caption for additional details.
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TEMPERATURE PROJECTIONS
CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 4-4

Figure 4-3: Temperature averages for Summer across the Coffee Creek region for both the past (1961-1990) and three
future decades. The dashed rectangle marks the project site. Spatial resolution of the model output is 2 km.
Data shown are from SNAP. See Figure 4-1 caption for additional details.
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TEMPERATURE PROJECTIONS

CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 4-5
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Figure 4-4:  Temperature averages for Fall across the Coffee Creek region for both the past (1961-1990) and three future

decades. The dashed rectangle marks the project site. Spatial resolution of the model output is 2 km. Data
shown are from SNAP. See Figure 4-1 caption for additional details.

@ LORAX
18-Sep-15 A362-3 MV svinonsienia



TEMPERATURE PROJECTIONS
CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 4-6

Figure 4-5:  Temperature averages for Winter across the Coffee Creek region for both the past (1961-1990) and three
future decades. The dashed rectangle marks the project site. Spatial resolution of the model output is 2 km.
Data shown are from SNAP.
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TEMPERATURE PROJECTIONS
CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 4-7

Colder valley-bottom temperatures in winter notwithstanding, implications of the projected
temperature increases for permafrost integrity in the region are obvious. The active layer
can be expected to grow in thickness in the warmer months of coming decades, while the
depth to intersection with permanently frozen ground will slowly increase. But how fast
such changes will be witnessed remains a question largely dependent on the rate of change
in radiative forcing with time.
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5. Precipitation Projections

As for mean temperature, net precipitation in the Coffee Creek region overall is projected
to increase over the course of this century (Figure 5-1). Lorax (2015) computed an average
precipitation rate of 485 mm yr™! for the project site at present, slightly higher than the 428-
476 mm yr!' modeled at the valley floor as the average over the 1961-1990 interval (Figure
5-1). At that same valley-floor elevation, average annual precipitation by the end of this
century is projected to increase marginally to 477-525 mm yr!, while across much of the
broader region, an increase of some 20% to some 574-670 mm yr! can be anticipated by
the year 2100 (compare the lower right and upper left panels of Figure 5-1), given the
emissions pathway specified by the SRES A2 scenario.

At present, the bulk of annual precipitation at Coffee Creek falls between May and
September, with March and April, being particularly dry months (Lorax, 2015,
Table 3-1). This contrasting pattern is projected to persist over the course of the century,
albeit with Summer and Winter receiving greater precipitation than historically at the
project site (compare Figure 5-2 through Figure 5-5; note that legend scales differ for each
season), and little change being witnessed in Spring or Fall.
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CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 5-2

Figure 5-1:  Annual precipitation averages in millimeters of water equivalent modeled using SNAP (see text) across the
Coffee Creek region for both the past (1961-1990) and three future decades. The dashed rectangle marks
the project site. Spatial resolution of the model output is 2 km. Data shown are from SNAP. See Figure 4-1
caption for additional details.
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PRECIPITATION PROJECTIONS
CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 5-3

Figure 5-2:  Precipitation averages for Spring in millimeters of water equivalent across the Coffee Creek region for both
the past (1961-1990) and three future decades. The dashed rectangle marks the project site. Spatial
resolution of the model output is 2 km. Data shown are from SNAP.
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CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION
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Figure 5-3:  Precipitation averages for Summer in millimeters of water equivalent across the Coffee Creek region for
both the past (1961-1990) and three future decades. The dashed rectangle marks the project site. Spatial
resolution of the model output is 2 km. Data shown are from SNAP.
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PRECIPITATION PROJECTIONS
CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 5-5

Figure 5-4:  Precipitation averages for Fall in millimeters of water equivalent across the Coffee Creek region for both
the past (1961-1990) and three future decades. The dashed rectangle marks the project site. Spatial
resolution of the model output is 2 km. Modeled using SNAP.
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Figure 5-5:  Precipitation averages for Winter in millimetres of water equivalent across the Coffee Creek region for both
the past (1961-1990) and three future decades. The dashed rectangle marks the project site. Spatial resolution of the
model output is 2 km. Data shown are from SNAP.
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6. Freeze and Thaw Dates and
Growing-Season Length Projections

SNAP defines the Day of Freeze (Day of Thaw) as “the day when consecutive monthly
mid-point temperatures transition from positive to negative (negative to positive).” As
average annual and seasonal temperatures rise as the century progresses, the projections
under SRES A2 indicate that the historical Day of Freeze at the elevation of the Yukon
River will shift from about the first to the third week of October by the 2030s (Figure 6-1).
Similarly, as mean conditions warm, by the year 2100 the Day of Thaw is projected to shift
about a fortnight earlier to near the beginning of April (Figure 6-2). These changes—Ilater
freeze-up and earlier thaw—increase the length of the growing season (i.e., the number of

days between the Day of Thaw and Day of Freeze) in the Coffee Creek region by nearly a
month by the end of this century (Figure 6-3).
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FREEZE AND THAW DATES AND GROWING-SEASON LENGTH PROJECTIONS
CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 6-2
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Figure 6-1: Estimated Day of Freeze for the Coffee Creek region for both the past (1961-1990) and three future decades.
The dashed rectangle marks the project site. Spatial resolution of the model output is 2 km. Data shown are
from SNAP.
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FREEZE AND THAW DATES AND GROWING-SEASON LENGTH PROJECTIONS
CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 6-3

Date Range

Rarely Freezes
Jan1-Mar 20
Mar 21 - Mar 27
Mar 28 - Mar 30
Mar 31 - Apr 2
Apr3-Apré
Apr7-Apri2
Apr13- Apr 16
Apr17 - Apr 19

Apr 20 - Apr 23
Apr24 - May2
Apr3-May§

May 10 - Dec 30
Primarily Frozen

Figure 6-2: Estimated Day of Thaw for the Coffee Creek region for both the past (1961-1990) and three future decades.
The dashed rectangle marks the project site. Spatial resolution of the model output is 2 km. Data shown are
from SNAP.
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FREEZE AND THAW DATES AND GROWING-SEASON LENGTH PROJECTIONS

CLIMATE CHANGE PROJECTIONS FOR COFFEE CREEK REGION 6-4
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Figure 6-3:  Estimated length of the growing season for the Coffee Creek region for both the past (1961-1990) and three
future decades. The growing season length is defined as the number of days where the average temperature
exceeds 0°C, and is equal to the number of days between the Day of Thaw and the Day of Freeze, shown
respectively in Figures 6-1 and 6-2.
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7. Summary and Conclusions

The pace at which climate is changing in the high latitudes of the Northern Hemisphere
North is already amongst the highest in the world. There is every reason to believe that
this trend will continue. Without exception, the best global climate models project ongoing
warming and a progressively wetter climate at these latitudes. Seasonality will also be
enhanced with, on average, drier summers and wetter conditions in the colder half of the
year.

By the year 2100, average temperatures at the Coffee Creek Project site can reasonably be
expected to be 3 to 5°C warmer relative to the waning decades of the last century. The
warming is anticipated to be particularly pronounced in the summer. In contrast, average
annual precipitation at Coffee Creek may not change dramatically. Summer and Winter
can be expected to be slightly wetter, but the Spring and Fall seasons are projected to see
little net change in precipitation abundance.

The warming will lead to a later freeze-up in fall and an earlier thaw in spring, according
to the model results. In tandem, this will yield a growing season that is as much as one
month longer by the end of the century. This implies a significantly lengthened duration
for above-zero temperatures, with consequent negative implications for permafrost
integrity in the region.
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Appendix A:
SNAP Scenario URLSs

All climate projections and historical climate maps used in this document were obtained
from:

Scenarios Network for Alaska and Arctic Planning (SNAP), University of Alaska. [2015].
Retrieved on August 21, 25, 25 and September 2, 3, and 8, 2015.
Average Temperature, Historical, 1961-1990:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.84103923632299&longitude=-
139.1300392150879&range=&scenario=&variable=observed Temperature&zoom=10

Average Temperature, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&yvariable=temperature&zoom=10

Average Temperature, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2060-
2069&scenario=A2&yvariable=temperature&zoom=10

Average Temperature, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2090-
2099&scenario=A2&yvariable=temperature&zoom=10

Average Precipitation, Historical Annual, 1961-1990:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.84103923632299&longitude=-
139.1300392150879&range=&scenario=&variable=observedPrecipitation&zoom=10
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CLIMATE CHANGE PROJECTIONS FOR THE COFFEE CREEK REGION A-2

Average Precipitation, Annual, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Annual, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2060-
2069&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Annual, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2090-
2099&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Historical Spring, 1961-1990:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=spring&l
atitude=62.84103923632299&longitude=-
139.1300392150879&range=&scenario=&variable=observedPrecipitation&zoom=10

Average Precipitation, Spring, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=spring&l
atitude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Spring, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=spring&l
atitude=62.85420021129549&longitude=-139.1300392150879&range=2060-
2069&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Spring, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=spring&l
atitude=62.85420021129549&longitude=-139.1300392150879&range=2090-
2099&scenario=A2&yvariable=precipitation&zoom=10
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Average Precipitation, Historical Summer, 1961-1990:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=summer
&latitude=62.84103923632299&Ilongitude=-
139.1300392150879&range=&scenario=&variable=observedPrecipitation&zoom=10

Average Precipitation, Summer, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=summer
&latitude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Summer, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=summer
&latitude=62.85420021129549&longitude=-139.1300392150879&range=2060-
2069&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Summer, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=summer
&latitude=62.85420021129549&longitude=-139.1300392150879&range=2090-
2099&scenario=A2&variable=precipitation&zoom=10

Average Precipitation, Historical Fall, 1961-1990:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=fall&latit
ude=62.84103923632299&longitude=-
139.1300392150879&range=&scenario=&variable=observedPrecipitation&zoom=10

Average Precipitation, Fall, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=fall&latit
ude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Fall, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=fall&latit
ude=62.85420021129549&Ilongitude=-139.1300392150879&range=2060-
2069&scenario=A2&variable=precipitation&zoom=10
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Average Precipitation, Fall, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=fall&latit
ude=62.85420021129549&Ilongitude=-139.1300392150879&range=2090-
2099&scenario=A2&variable=precipitation&zoom=10

Average Precipitation, Historical Winter, 1961-1990:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=winter&aI
atitude=62.84103923632299&longitude=-
139.1300392150879&range=&scenario=&variable=observedPrecipitation&zoom=10

Average Precipitation, Winter, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=winter&lI
atitude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&yvariable=precipitation&zoom=10

Average Precipitation, Winter, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=winter&lI
atitude=62.85420021129549&longitude=-139.1300392150879&range=2060-
2069&scenario=A2&variable=precipitation&zoom=10

Average Precipitation, Winter, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=winter&I
atitude=62.85420021129549&longitude=-139.1300392150879&range=2090-
2099&scenario=A2&yvariable=precipitation&zoom=10

Day of Freeze, Historical, 1961-1990:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.84103923632299&longitude=-
139.1300392150879&range=&scenario=&variable=observedDayOfFreeze&zoom=10

Day of Freeze, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&variable=dayOfFreeze&zoom=10
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Day of Freeze, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2060-
2069&scenario=A2&variable=dayOfFreeze&zoom=10

Day of Freeze, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2090-
2099&scenario=A2&yvariable=dayOfFreeze&zoom=10

Day of Thaw, Historical, 1961-1990:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.84103923632299&longitude=-
139.1300392150879&range=&scenario=&variable=observedDayOfThaw&zoom=10

Day of Thaw, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&variable=dayOfThaw&zoom=10

Day of Thaw, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2060-
2069&scenario=A2&variable=dayOfThaw&zoom=10

Day of Thaw, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2090-
2099&scenario=A2&variable=dayOfThaw&zoom=10

Length of Growing Season, Historical:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.84103923632299&longitude=-
139.1300392150879&range=&scenario=&variable=observedlLengthOfGrowingSeason&
zoom=10
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Length of Growing Season, 2030-2039, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2030-
2039&scenario=A2&variable=lengthOfGrowingSeason&zoom=10

Length of Growing Season, 2060-2069, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2060-
2069&scenario=A2&yvariable=lengthOfGrowingSeason&zoom=10

Length of Growing Season, 2090-2099, A2:

https://www.snap.uaf.edu/sites/all/modules/snap map tool/maps.html#interval=decadal
Averages&latitude=62.85420021129549&longitude=-139.1300392150879&range=2090-
2099&scenario=A2&yvariable=lengthOfGrowingSeason&zoom=10
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APPENDIX D2: ADDITIONAL TREND ANALYSES



»g) LORAX
ENVIRONMENTAL
TECHNICAL MEMORANDUM
To: Allison Rippon Armstrong, Kaminak Gold Corp Date: March 1, 2016
From: Scott Jackson and Colin Fraser Project #: A362-3

Subject:  Regional Hydro-meteorological Trend Analysis — Coffee Creek

1. Introduction

1.1 Memo Objectives and Layout

This memo presents the results of a trend analysis exercise carried out to characterize current
rates of change for hydro-meteorological parameters relevant to the Coffee Gold Project
(hereafter, ‘the Project’).

Many operational and regulatory decisions related to water quantity, and secondarily water
quality (e.g., loading calculations) are based on limited site-specific streamflow and climate
data. Such decisions then often necessitate the review of, and integration, of long-term regional
hydrometric and climate data analogues showing longer record periods. This approach is
commonly adopted for a regional frequency analysis that targets pertinent hydro-meteorology
variables (e.g., mean annual precipitation and runoff, 7-day low flow, peak flows).

Two important questions related to usage of regional data are: 1) the regional hydro-
meteorological record(s) are transferable to the site being studied; and 2) are the regional (and
site specific) data of sufficient length to adequately represent long-term variability. The latter
assumption often implies that the streamflow records being utilized are statistically stationary.
In other words, a metric calculated from the historic record will retain the same value when re-
calculated from future data.

As the understanding of anthropogenic and climatic influences on hydro-meteorological
variables improves, it is apparent that this latter assumption is often not valid. An assessment
of the potential influences of long-term change in climate/streamflow metrics was undertaken
to ensure that estimates of future streamflow conditions are as robust as possible. The goal of
this analysis is to present the current trends for several (n = 45) streamflow and climate variables
of interest, where the objectives are two-fold:

1. Calculate trends in various streamflow and climate variables for the region in which the
Project is situated, and,;

2. Determine whether the calculated trends are statistically significant at p < 0.05;
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2. Methods

2.1 Sources of Data

2.1.1 Climate Data

The Coffee Creek property is situated ~80 km from the Alaska border. Two main sources of
climate data were used to assemble this memo:

1) Environment Canada daily climate station data (within 200 km radius of proposed heap
leach facility) from the Adjusted and Homogenized Canadian Climate Dataset.

2) Daily average streamflow data from hydrometric stations located within the same radius
of the Project. Data were sourced from the Water Survey of Canada and the United
States Geological Survey hydrometric networks.

Further details on the datasets, information used in the frequency analyses and assumptions are
provided in Lorax (2016).

State of Alaska and Yukon Territory climate stations situated near the Coffee Creek property
are listed in Table 2-1 of the EIA Baseline Hydro-meteorology report (Lorax, 2016). Of these
20 stations (i.e., Coffee Creek location excluded), three were selected for the climate trend
analysis. The Pelly Ranch and Dawson A stations are located close to the property and possess
long-term, high quality records. For comparative purposes, the Dawson A record was truncated
to 1955 and 1952, for temperature and precipitation, respectively, to match the available record
from the Pelly Ranch station.

Also selected was the McQuesten station record which is shorter, beginning in 1982, and
therefore, a corrected AHCCD dataset was not available. However, as this station’s record
forms the basis of the reconstructed climate data set used as the primary input to the site-wide
water balance model, it was necessary to determine the extent of non-stationarity present in the
temperature and precipitation data.

2.1.2 Streamflow Data

Streamflow records of average daily discharge were downloaded from HYDAT (WSC, 2015),
for the twelve stations listed in Table 2-4 in Lorax (2016). The criteria used in the station
selection were as follows:

e Station active as of 2010;

e Record period of >10 consecutive years;
e Basin is non-regulated (i.e., no major diversions or impoundments).

Missing data or incomplete records were accounted for using the following methods:

A362-3 LORAX
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e Discharge time-series were truncated to ensure annual time-series was continuous (i.e.,
a minimum of 5 years of data was present before and after a missing year, gaps greater
than one year were disallowed);

e Where a month had > 5 days of missing data, this month was removed from the time-
series, and;

e No missing data were estimated or infilled.

The following streamflow timing metrics were calculated in addition to the various discharge
metrics:

e PULSE_DATE — The date of freshet initiation calculated as the day when the
cumulative departure from that years mean annual discharge is most negative (Cayan et
al., 2001). The cut-off date is set as August 31, to ensure that autumn rain events in
mixed rainfall/snowmelt driven regimes are not inadvertently counted as the freshet
date.

e DATE_CM - Date of centre of hydrograph mass (calendar year), calculated following
Stewart et al. (2005).

In the context of mine effluent management, regulatory criteria are often based on
concentrations in the effluent and the receiving environment. Concentration is a mass of a given
contaminant in a given volume of water, and thus any reduction in the volume of water without
a concurrent reduction in loadings will result in higher concentrations. This means that periods
of sustained low flows in the receiving environment are often the constraining factor in an
effluent discharge regime.

Low flows are most commonly assessed for two time periods: annual (usually representative of
winter flows in nival and glacial regimes); and summer (e.g., June-September). Low flow
indices are commonly based on a rolling 7-day average of discharge (7Q) or, less commonly, a
rolling 30-day average (30Q) (Smakhtin, 2001). The minimum 7- or 30-day averages are then
tabulated on an annual basis, and recurrence interval analyses conducted (e.g., 7Q1o). In this
assessment, time series for low flow indices were examined, to determine whether water
balance estimates may need to consider potential shifts in these metrics over time. In some
cases, where winter flow data was limited or non-existent (e.g., Wade Creek Tributary near
Chicken, AK), the winter metrics were not calculated.

While every attempt has been made to ensure that the identified trends are reflective of long-
term changes in streamflow, trends may be influenced by several complicating factors,
including, but not limited to:

e Land cover change (e.g., urbanization, forestry, linear development, etc.);

A362-3 LORAX
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e Large scale climate cycles (e.g., Pacific Decadal Oscillation [PDO], El Nifio Southern
Oscillation [ENSO]; Cayan and Peterson, 1989; Stewart et al., 2005), and;

e Changes in measurement techniques, QA/QC practices, rating curves, etc.

These impact of these factors must be carefully contemplated when results are assessed and
conclusions drawn.

2.2 Trend Analysis Methodology

Annual time-series of these parameters were analysed for trend using the zyp package in R
(Bronaugh and Werner, 2013). The full details of the calculations performed by this package
are provided in the reference above, but in brief, initial trend slopes were estimated using the
Theil-Sen approach. To address serial correlation effects on statistical hypothesis tests for trend,
if a trend was noted, the time-series was detrended using the slope (Yue et al., 2002). The trend
and residuals are then blended, and the Mann-Kendall’s test for trend significance (p-value) is
then applied. The zyp package re-inflates the values that trend significance are calculated by
dividing by (1-AR(1)). All trends are presented as annual values (i.e., rate of change per year
in the variable of interest).

Discharge trends (calculated in m*/s) were converted to unit runoff (in L/s/km?) prior to plotting
to account for the influence of basin area on relative trend magnitude. Table 1 lists the complete
suite of variables considered in this assessment.

3. Results

3.1  Temperature
The results of the temperature trend analysis are presented in Table 2.

All trends are positive (i.e., warming over time), and significant at p < 0.05. For the Dawson A
and Pelly Ranch climate stations (1955-2013; 59 years), the largest positive trends are noted in
the winter season (December through February), and are on the order of 1°C/decade. The
smallest positive trends occur in the summer and autumn seasons (0.3°C/decade), and for
autumn, only the trend in minimum temperatures is significant at all stations. The results for
the Dawson A and Pelly Ranch stations are presented in Figure 1.

A362-3 LORAX
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Figure 1: Temperature trends by season for the Dawson A and Pelly Ranch climate
stations.

3.2 Precipitation

The results of the temperature trend analysis are presented in Table 3. The trends in seasonal
and annual precipitation totals are mixed, although in general, precipitation is increasing across
the Project area. For the Dawson A and Pelly Ranch climate stations (1952-2013; 62 years),
the largest seasonal trends are noted in the autumn season (September through November), and
are on the order of +4-6 mm/decade. The signal is mixed for summer precipitation, with the
Dawson A station recording a negative trend of -6 mm/decade, and the Pelly Ranch summer
totals increasing by +5 mm/decade. The annual precipitation trends for the Dawson A and Pelly
Ranch stations are presented in Figure 2. Only one of the seasonal trends was significant at
p < 0.05 (autumn total precipitation at Dawson A), while three more trends were significant at
p < 0.10 (summer total precipitation at Dawson A, and annual and autumn total precipitation at
Pelly Ranch).
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Figure 2: Annual total precipitation trends for the Dawson A and Pelly Ranch
climate stations.

3.3 McQuesten Climate Record

The data from the McQuesten climate station was used as the basis for the reconstructed site
climate data time-series described in the Hydro-meteorological Baseline Report. The results for
the McQuesten climate record are presented in Table 4.

It is notable that this record does not show any evidence of significant trends (p < 0.10) for the
parameters analysed, which is not consistent with the longer records from the Dawson A and
Pelly Ranch stations. The reason for this is not clear, but it is possible that it is an artefact of
the shorter record available for this station (28 years).

3.4 Streamflow

The results of the streamflow trend analysis are presented in Table 5. The regional basins
analysed have basin areas that span five orders of magnitude (11 — 149,000 km?). In general,
streamflow is increasing across the region, regardless of the metric analysed, which is consistent
with the precipitation trends presented here. Low-flows in particular are increasing, and the
slope of the trends in summer low-flows are approximately four times higher than those for
winter baseflows. An example of the winter baseflow trends is presented in Figure 3.
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Figure 3: Winter baseflow trends for the regional hydrometric stations. Trends that

are significant at p < 0.05 are denoted by black markers, and those
stations that do not show a significant trend are shown with open circles.

In addition to the broad ranging increases in winter and early spring streamflows, the only other
metric that showed a significant trend (at p < 0.05) was the date of freshet initiation (PULSE
DATE). Freshet is occurring earlier at several stations (negative trend), which is consistent with
similar studies conducted in snowmelt and mixed snow/rain dominated streamflow regimes in
North America (Cayan et al., 2001, Stewart et al., 2005), and likely a result of warming spring
temperatures.

It is possible that the increase in winter baseflows is a result of both increased autumn
precipitation and warmer winter temperatures, although the fact that winter temperatures are
still often well below freezing would add support to the former mechanism. However, the most
likely cause is the increased rate of permafrost melt that has been observed throughout the
discontinuous permafrost zone (e.g., Walvoord and Striegl, 2007; Janowicz, 2008; and Brabets
and Walvoord, 2009).
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4. Summary

A suite of hydro-meteorological parameters were analysed for trends using standard statistical
tests. Statistical significance of the trends was identified where present.

Overall, temperatures are warming across the Project area, and with the greatest warming
occurring during the winter months. Precipitation is increasing on an annual basis, and most
strongly in the autumn, but the signal is somewhat mixed for the other seasons, and summer in
particular. The climate record used as the basis for the reconstructed site climate data time-
series (McQuesten) does not show any evidence of significant trends for the parameters
analysed, but it is not clear whether this is an artefact of the shorter record.

Annual streamflow minima are increasing at almost every hydrometric station included in this
analysis, and several stations show evidence of an earlier start to the freshet over time. These
results are consistent with those presented in Appendix D.1 of the Hydro-meteorological
Baseline Report (Lorax, 2016), and with similar analyses conducted in the region.

A362-3 LORAX
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Table 1:

Hydro-meteorological metrics analysed for trends

Variable!
Streamflow (m%/s)
MIN_Q

MAX_Q

AVG_Q

MED_Q
AVG_WAT_YR
MED_WAT_YR
MAX_Q_DATE
PULSE_DATE
DATE_CM
ANN_7Q_MIN
ANN_30Q_MIN
BASEFLOW
JUN-SEP_7Q_MIN
JUN-SEP_30Q_MIN
All months (n =12)
Temperature (°C)
ANN_MAX
ANN_MEAN
ANN_MIN
DJF_MAX
DJF_MEAN
DJF_MIN
MAM_MAX
MAM_MEAN
MAM_MIN
JJA_MAX
JJA_MEAN
JJA_MIN
SON_MAX
SON_MEAN
SON_MIN
Precipitation (mm)
ANN_TOT
DJF_TOT
MAM_TOT
JJA_TOT
SON_TOT

Description

Minimum annual average daily discharge

Maximum annual average daily discharge

Average annual average daily discharge (calendar year)
Median annual average daily discharge (calendar year)
Average water year discharge (Oct. 1 - Sept. 30)

Median water year discharge (Oct. 1 - Sept. 30

Date of maximum annual average daily discharge

Date of freshet pulse initiation

Date of hydrograph centre of mass - calendar year

Annual minimum 7-day average low flow

Annual minimum 30-day average low flow

Average winter flow (Dec. 1 — Mar. 31)

Annual June-September minimum 7-day average low flow
Annual June-September minimum 30-day average low flow
Median daily discharge

Annual maximum daily temperature

Annual mean daily temperature

Annual minimum daily temperature

Winter (Dec.-Jan.) maximum daily temperature
Winter (Dec.-Jan.) mean daily temperature
Winter (Dec.-Jan.) minimum daily temperature
Spring (Mar.-May) maximum daily temperature
Spring (Mar.-May) mean daily temperature
Spring (Mar.-May) minimum daily temperature
Summer (Jun.-Jul.) maximum daily temperature
Summer (Jun.-Jul.) mean daily temperature
Summer (Jun.-Jul.) minimum daily temperature
Autumn (Sept.-Nov.) maximum daily temperature
Autumn (Sept.-Nov.) mean daily temperature
Autumn (Sept.-Nov.) minimum daily temperature

Annual total precipitation

Winter (Dec.-Jan.) total precipitation
Spring (Mar.-May) total precipitation
Summer (Jun.-Jul.) total precipitation
Autumn (Sept.-Nov.) total precipitation

IAll streamflow variables calculated from the mean daily discharge values provided in the HYDAT database.

LORAX
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Table 2:
Seasonal and annual trends in air temperature for the Dawson A and Pelly Ranch climate stations.

Station Variable Lower Bound | Trend Slope = Upper Bound = Significance (p) = nruns autocor valid_frac linear intercept
ANN_MIN 0.0320 0.0594 0.0898 0.0001 4 0.1908 0.9322 0.0583 -12.96
DJF_MIN 0.0591 0.1175 0.1762 0.0007 2 0.0483 1.0000 0.1116 -34.60
MAM_MIN 0.0173 0.0526 0.0941 0.0065 4 0.0773 1.0000 0.0555 -11.52
JJA_MIN 0.0214 0.0323 0.0427 0.0000 3 -0.0192 1.0000 0.0324 5.31
SON_MIN -0.0059 0.0343 0.0696 0.0822 1 0.0188 0.9667 0.0271 -11.91
ANN_MEAN 0.0257 0.0501 0.0775 0.0001 4 0.1227 0.9322 0.0509 -6.23
DJF_MEAN 0.0461 0.1032 0.1637 0.0017 2 0.0289 1.0000 0.0970 -29.17

Dawson A = MAM_MEAN 0.0138 0.0508 0.0872 0.0060 3 0.0378 1.0000 0.0530 -3.83
JJA_MEAN 0.0168 0.0293 0.0427 0.0000 3 -0.0097 1.0000 0.0296 12.90
SON_MEAN -0.0111 0.0229 0.0571 0.1668 1 -0.0365 0.9667 0.0156 -6.40
ANN_MAX 0.0200 0.0423 0.0661 0.0001 3 0.0369 0.9322 0.0440 0.61
DJF_MAX 0.0266 0.0911 0.1520 0.0051 3 0.0147 1.0000 0.0828 -23.45
MAM_MAX 0.0150 0.0478 0.0784 0.0035 3 -0.0252 1.0000 0.0508 4.25
JJA_MAX 0.0064 0.0235 0.0430 0.0038 3 0.0407 1.0000 0.0262 20.52
SON_MAX -0.0212 0.0133 0.0409 0.4129 1 -0.0905 0.9667 0.0045 -1.23
ANN_MIN 0.0417 0.0693 0.1026 0.0000 4 0.0819 0.8475 0.0722 -12.32
DJF_MIN 0.0523 0.1291 0.2089 0.0019 3 0.0549 0.9322 0.1351 -33.72
MAM_MIN 0.0075 0.0480 0.0871 0.0198 3 -0.0453 0.9322 0.0545 -10.24
JJA_MIN 0.0310 0.0424 0.0530 0.0000 3 0.0024 0.9492 0.0412 5.17
SON_MIN 0.0115 0.0556 0.0903 0.0179 1 0.0005 0.9167 0.0500 -10.78
ANN_MEAN 0.0280 0.0568 0.0862 0.0004 4 0.0621 0.7797 0.0542 -5.44
DJF_MEAN 0.0299 0.1045 0.1953 0.0168 3 0.0189 0.8814 0.1106 -27.31

Pelly Ranch ' MAM_MEAN 0.0070 0.0422 0.0796 0.0178 3 -0.0509 0.8983 0.0514 -2.19
JJA_MEAN 0.0191 0.0326 0.0472 0.0000 4 0.0726 0.9492 0.0320 12.99
SON_MEAN -0.0192 0.0229 0.0621 0.2726 1 -0.1000 0.9000 0.0209 -4.56
ANN_MAX 0.0154 0.0459 0.0748 0.0060 4 0.0722 0.7797 0.0399 1.55
DJF_MAX 0.0117 0.0901 0.1718 0.0325 3 0.0088 0.8814 0.0911 -20.78
MAM_MAX 0.0047 0.0365 0.0661 0.0227 3 -0.0713 0.8983 0.0467 5.87
JJA_MAX 0.0040 0.0255 0.0442 0.0119 5 0.0703 0.9492 0.0227 20.54
SON_MAX -0.0357 0.0000 0.0378 0.9702 1 -0.1137 0.9000 -0.0032 1.25

NOTE: Variables highlighted in green are significant at p < 0.05, and those highlighted in yellow are significant at p < 0.10.
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Table 3:
Seasonal and annual trends in total precipitation for the Dawson A and Pelly Ranch climate stations.
Station Variable Lower Bound  Trend Slope = Upper Bound = Significance (p) = nruns autocor valid_frac linear intercept
ANN_TOT -0.4172 0.8893 2.2452 0.1754 1 -0.0336 0.7937 0.8886 349.87
DJF_TOT -0.1707 0.3320 0.8625 0.1769 4 0.1304 0.8871 0.3161 61.25
Dawson A MAM_TOT -0.0621 0.1750 0.4111 0.1559 1 0.0433 0.9365 0.1675 43.33
JJA_TOT -1.2583 -0.6139 0.0517 0.0757 1 -0.1336 0.9048 -0.5812 163.32
SON_TOT 0.0905 0.5892 1.1082 0.0260 2 -0.0449 0.8226 0.5016 85.57
ANN_TOT -0.0071 0.9000 1.9350 0.0533 1 -0.2002 0.7937 0.8997 289.15
DJF_TOT -0.4364 -0.0798 0.2779 0.4950 4 0.1542 0.8871 0.0838 55.76
Pelly Ranch MAM_TOT -0.2692 0.0217 0.3333 0.9168 1 -0.1134 0.8571 0.0877 43.37
JJA_TOT -0.1333 0.4857 1.1789 0.1276 1 -0.0384 0.9365 0.5887 114.13
SON_TOT -0.0800 0.3676 0.7867 0.0898 1 0.0210 0.8889 0.3610 63.19
NOTE: Variables highlighted in green are significant at p < 0.05, and those highlighted in yellow are significant at p < 0.10.
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Table 4:
Seasonal and annual trends in total precipitation for the McQuesten climate station.
Station Variable Lower Bound = Trend Slope = Upper Bound = Significance (p) nruns @ autocor @ valid_frac | linear intercept

ANN_MAX -0.0882 -0.0274 0.0610 0.4158 1 -0.2807 1.0000  -0.0032 2293

ANN_MEAN -0.0392 0.0158 0.0740 0.6593 3 0.0726 0.9630 0.0084 -2.75

ANN_MIN -0.1469 0.0769 0.2157 0.3780 4 0.3082 0.9630 0.0143  -38.31

DJF_MAX -0.1242 0.0559 0.2714 0.4655 4 0.0369 1.0000 0.2106 2.01

DJF_MEAN -0.0736 0.0529 0.1581 0.3137 1 0.0262 1.0000 0.0572 = -18.50

DJF_MIN -0.0792 0.0575 0.1894 0.5454 4 0.0644 1.0000 0.0235 -36.67

MCQUESTEN MAM_MAX -0.0248 0.0577 0.1488 0.1581 1 -0.0957 1.0000 0.0498 16.09

Temperature =~ MAM_MEAN -0.1438 -0.0696 0.0158 0.1607 1 -0.0201 1.0000  -0.0570 0.53
MAM_MIN -0.2331 0.0000 0.2092 0.9842 1 -0.4160 1.0000  -0.0238  -26.63

JJIA_MAX -0.0882 -0.0274 0.0529 0.4389 1 -0.3702 1.0000  -0.0195 2293

JJA_MEAN -0.0430 -0.0110 0.0200 0.6495 1 -0.2841 1.0000 -0.0071 11.49

JJA_MIN -0.0324 0.0000 0.0832 0.6450 1 -0.1365 1.0000 0.0383 -0.02

SON_MAX -0.0882 0.0265 0.1323 0.6600 1 0.0161 0.9643 | -0.0080  13.35

SON_MEAN -0.0453 0.0463 0.1294 0.2430 1 -0.0421 0.9643 0.0320 -4.25

SON_MIN -0.2590 0.0583 0.3885 0.8185 1 0.0404 0.9643 0.0328 @ -28.09
ANN_TOT -5.0082 0.1657 5.9974 1.0000 3 0.1493 0.9630 | -1.0927  481.48

DJF_TOT -2.3662 -0.0229 2.7550 1.0000 8 0.3685 1.0000 0.1207 91.83

NIID(:chiL:)IiEti':i—oEnN MAM_TOT -2.4830 -0.8375 0.3643 0.1689 3 -0.0203 1.0000  -1.4003  73.05
JJA_TOT -1.8226 1.6158 5.0188 0.4283 3 0.2238 1.0000 15693 = 159.44
SON_TOT -3.1768 -1.4068 0.3498 0.1334 1 -0.0086 0.9643 | -1.6095  138.49
ANN_TOT -5.0082 0.1657 5.9974 1.0000 3 0.1493 0.9630 | -1.0927  481.48

NOTE: Variables highlighted in green are significant at p < 0.05, and those highlighted in yellow are significant at p < 0.10.
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Table 5:
Streamflow trends for the Coffee Gold Project area.
Station Variable Lower Bound  Trend Slope = Upper Bound @ Significance (p) nruns = autocor = valid_frac linear intercept
AVG_Q -0.0093 -0.0030 0.0034 0.4047 5 0.3576 0.3529 -0.0031 0.19
MAX_Q -0.0749 0.0178 0.1222 0.6494 4 0.2033 0.3529 0.0429 0.01
MAX_Q_DATE -3.0000 0.7222 3.0000 0.6746 1 -0.0965 0.3654 0.3158 138.61
MAY -0.0161 -0.0056 0.0030 0.1978 4 0.0603 0.3529 -0.0076 0.33
JUNE -0.0056 -0.0012 0.0025 0.7049 4 0.0904 0.3529 -0.0009 0.09
\}j’aﬁioé?fe;( JULY -0.0019 0.0010 0.0065 0.4954 7 0.1592 0.3529 0.0030 -0.02
Tributary near  AyguST -0.0030 0.0008 0.0051 0.4415 1 -0.0457 0.3654 0.0012 0.00
Chicken AK
SEPTEMBER -0.0031 -0.0005 0.0032 0.8796 4 0.1887 0.3529 0.0006 0.07
OCTOBER -0.0005 0.0002 0.0011 0.6192 1 -0.1827 0.2692 0.0004 0.00
JUN-SEP_30Q_MIN -0.0014 0.0011 0.0029 0.2758 4 -0.1095 0.2157 0.0011 -0.03
JUN-SEP_7Q_MIN -0.0008 0.0001 0.0016 0.7317 3 0.1256 0.2353 0.0006 0.00
MIN_Q -0.0003 0.0000 0.0000 0.1433 3 0.2602 0.3529 -0.0005 0.00
AVG_Q -0.0541 0.0384 0.1647 0.3738 4 0.1540 0.6667 0.0622 5.98
WAT_YR_Q -14.1293 20.6307 62.5923 0.2328 4 0.1713 0.6471 23.3875  1975.52
MIN_Q -0.0013 0.0053 0.0208 0.1463 5 0.4906 0.6667 0.0127 -0.06
MAX_Q -1.0267 0.7000 2.2130 0.4138 1 -0.1431 0.7308 0.5362 78.50
MAX_Q_DATE -2.0622 -0.8512 0.4924 0.1920 4 0.1348 0.6667 -0.7947 184.41
DATE_CM -1.0000 -0.4464 0.2692 0.2389 1 -0.0661 0.7115 -0.4109 194.71
PULSE_DATE -0.4988 -0.2540 -0.0428 0.0216 4 0.0260 0.6667 -0.5786 130.57
ANN_30Q_MIN -0.0025 0.0053 0.0210 0.2850 5 0.4489 0.6471 0.0134 -0.02
ANN_7Q_MIN -0.0019 0.0061 0.0218 0.2328 6 0.4459 0.6471 0.0135 -0.05
BASEFLOW 0.0049 0.0129 0.0231 0.0019 1 -0.0111 0.7115 0.0276 -0.07
JUN-SEP_30Q_MIN -0.0201 0.0645 0.1481 0.1410 2 0.0359 0.6471 0.0518 3.11
09AH003 - Big | JUN-SEP_7Q_MIN -0.0272 0.0383 0.1217 0.2580 3 0.0298 0.6471 0.0427 2.62
Creek near the
Mouth JANUARY 0.0008 0.0093 0.0252 0.0372 6 0.2575 0.7059 0.0166 -0.05
FEBRUARY -0.0003 0.0066 0.0177 0.0701 4 0.3552 0.7059 0.0150 -0.01
MARCH -0.0016 0.0064 0.0204 0.1606 7 0.4400 0.7059 0.0132 -0.06
APRIL 0.0011 0.0153 0.0516 0.0283 4 0.4133 0.7059 0.0348 -0.22
MAY 0.0553 0.4689 0.8371 0.0192 4 0.0741 0.6667 0.3722 5.28
JUNE -0.1954 0.0355 0.2571 0.8821 3 0.0875 0.6667 0.0371 9.60
JULy -0.4192 -0.1254 0.1450 0.2943 8 0.2231 0.7059 -0.0128 14.85
AUGUST -0.1776 0.0239 0.2098 0.8595 4 0.0859 0.7059 0.0619 9.29
SEPTEMBER -0.0139 0.1225 0.2781 0.0696 1 0.0369 0.7500 0.1325 5.49
OCTOBER -0.0109 0.0478 0.1149 0.1077 4 0.1811 0.7255 0.0582 2.28
NOVEMBER 0.0207 0.0468 0.0657 0.0007 4 0.0920 0.7255 0.0437 0.10
DECEMBER 0.0077 0.0243 0.0390 0.0030 4 0.1459 0.7255 0.0252 -0.14
AVG_Q -0.3381 0.0444 0.4385 0.6833 3 0.3266 0.6078 0.0401 12.18
WAT_YR_Q -113.1329 24.6199 178.2945 0.7481 6 0.3895 0.5882 9.0834 | 3678.08
MIN_Q -0.0160 0.0619 0.1391 0.1179 6 0.4933 0.6078 0.0213 0.61
MAX_Q -1.5900 0.3533 2.0556 0.5593 1 -0.0698 0.6154 0.2737 76.73
MAX_Q_DATE -1.3333 -0.5000 0.2500 0.1775 1 -0.0190 0.6154 -0.5189 160.50
DATE_CM -0.8750 -0.1064 1.0000 0.8839 1 -0.1821 0.6154 -0.2150 176.37
PULSE_DATE -0.3750 -0.0455 0.2500 0.6961 1 -0.0080 0.6154 -0.5299 121.52
ANN_30Q_MIN -0.0304 0.0340 0.1234 0.3008 3 0.3960 0.5882 0.0305 1.66
ANN_7Q_MIN -0.0252 0.0364 0.1219 0.2687 3 0.3859 0.5882 0.0337 1.48
BASEFLOW -0.0676 0.0397 0.1624 0.6174 4 0.3936 0.5882 0.0214 2.20
09AH004 - JUN-SEP_30Q_MIN -0.2810 0.0939 0.4778 0.5925 3 0.2951 0.5882 0.0431 6.60
Nordenskiold  JUN-SEP_7Q_MIN -0.1688 0.1395 0.4275 0.3177 4 0.3367 0.5882 0.0655 2.69
F:q“émibneslng JANUARY -0.0760 0.0626 0.1963 0.4118 5 0.3960 0.5882 0.0289 1.13
Creek FEBRUARY -0.0423 0.0417 0.1282 0.3177 6 0.3603 0.5882 0.0195 151
MARCH -0.0408 0.0093 0.1098 0.7212 5 0.4273 0.5882 0.0193 2.64
APRIL -0.0475 0.0143 0.1330 0.6174 4 0.1551 0.5882 0.0248 3.60
MAY -0.2083 0.5545 1.3609 0.1392 1 -0.0310 0.5962 0.6003 19.54
JUNE -0.5313 0.4247 1.4203 0.5207 500 0.3242 0.5882 0.0932 6.03
JuLy -0.4756 -0.1300 0.3383 0.6101 3 0.0910 0.6078 -0.1221 20.92
AUGUST -0.3884 0.0405 0.4105 0.8650 3 0.0677 0.6078 0.0468 10.01
SEPTEMBER -0.4247 -0.0318 0.4091 0.8119 4 0.0652 0.6078 0.0714 17.09
OCTOBER -0.2777 0.0387 0.4069 0.7857 3 0.1629 0.6078 0.0585 10.15
NOVEMBER -0.1604 0.0661 0.2795 0.6586 4 0.2215 0.6078 0.0491 4.82
DECEMBER -0.0903 0.0336 0.2285 0.6586 4 0.3407 0.6078 0.0380 3.46
A362-3 LORAX



MEMORANDUM — REGIONAL HYDRO-METEOROLOGICAL TREND ANALYSIS — COFFEE CREEK 15
Station Variable Lower Bound @ Trend Slope = Upper Bound @ Significance (p) nruns @ autocor = valid_frac linear intercept
AVG_Q -2.3932 0.5408 3.2187 0.6328 3 0.1818 0.7451 0.6519 358.37
WAT_YR Q -833.8041 474.3745 1641.7874 0.3809 5 0.2666 0.7255  186.9035 133683.12
MIN_Q -0.0601 0.3198 0.7021 0.1076 4 0.2116 0.7451 0.2451 40.47
MAX_Q -17.1429 0.0000 15.8065 1.0000 1 -0.0353 0.7500 0.1812 = 1740.00
MAX_Q_DATE -0.3007 0.0677 0.4035 0.7724 5 0.1798 0.7451 -0.0532 152.95
DATE_CM -0.3750 0.0000 0.2667 0.9807 1 -0.0410 0.7500 -0.1385 181.00
PULSE_DATE -0.2051 -0.0322 0.1443 0.7533 4 0.1060 0.7451 -0.2383 126.52
ANN_30Q_MIN -0.1038 0.2965 0.7140 0.1326 4 0.1954 0.7255 0.2809 43.41
ANN_7Q_MIN -0.0749 0.3359 0.7449 0.0967 4 0.1942 0.7255 0.3047 40.06
BASEFLOW 0.1175 0.5327 1.0192 0.0125 3 0.0022 0.7255 0.6148 57.61
JUN-SEP_30Q_MIN -1.9877 1.6473 5.4841 0.4250 2 0.0400 0.7255 1.6058 336.56
09BCO0L - ' JUN-SEP_7Q_MIN -2.1152 1.7156 5.2961 0.4719 3 0.0406 0.7255 1.5819 298.62
Ff’;lggr'ggiﬁ; JANUARY 0.0288 0.5648 1.0939 0.0400 4 0.0582 0.7255 0.6689 56.85
FEBRUARY -0.0928 0.3125 0.7246 0.1135 5 0.0639 0.7255 0.3761 48.73
MARCH -0.1780 0.2292 0.6439 0.2552 3 0.1562 0.7255 0.2415 46.94
APRIL -0.0784 0.3806 0.8830 0.1021 5 0.2804 0.7255 0.3246 48.37
MAY -13.2500 -6.5385 1.5714 0.1590 1 -0.0527 0.7308 -3.4597 915.19
JUNE -9.1000 2.0833 10.4688 0.6897 1 -0.0250 0.7500 1.6349  1112.92
JULY -10.4610 -0.7873 8.8269 0.8015 500 0.2427 0.7451 0.1662 715.92
AUGUST -6.4181 -1.0206 4.1506 0.8015 4 0.0718 0.7451 -1.0468 507.21
SEPTEMBER -1.4664 2.8509 7.8566 0.1745 2 0.0075 0.7451 3.9114 359.58
OCTOBER -2.4737 0.3636 3.2727 0.8465 1 -0.0669 0.7500 0.9901 320.55
NOVEMBER -0.5469 0.5227 1.6944 0.4532 1 -0.0092 0.7500 0.6356 129.07
DECEMBER 0.4514 1.0093 1.6069 0.0026 3 -0.1309 0.7451 1.0525 75.48
AVG_Q -0.4119 1.6234 3.1692 0.0957 6 0.1577 0.3137 1.1035 -31.25
WAT_YR Q -209.6904 717.9317 1272.5607 0.1982 6 0.2464 0.2941  433.6255 -17980.09
MIN_Q 0.0967 0.2993 0.5224 0.0046 7 0.2394 0.3137 0.1671 -6.69
MAX_Q -8.8594 3.5110 19.6825 0.6494 6 0.1084 0.3529 8.8949 138.44
MAX_Q_DATE -4.0000 -0.6000 2.6250 0.6217 1 -0.2680 0.3462 -0.6930 216.70
DATE_CM -3.0909 -0.7143 1.8571 0.3240 1 -0.1991 0.3462 -0.5474 237.21
PULSE_DATE -3.6058 -0.8194 1.5631 0.6204 5 0.2198 0.3137 -2.3105 154.36
ANN_30Q_MIN 0.0097 0.2327 0.4951 0.0294 4 0.1386 0.2941 0.2265 -2.86
ANN_7Q_MIN 0.0046 0.1974 0.4034 0.0478 4 0.1194 0.2941 0.2075 -1.75
BASEFLOW -0.1191 0.2635 0.7261 0.2661 4 0.3133 0.3333 0.2234 -2.20
JUN-SEP_30Q_MIN -1.3836 1.7639 3.6562 0.2763 8 0.2030 0.2941 0.8544 -49.62
N‘}i,?gogfv'er JUN-SEP_7Q_MIN -1.1991 0.9243 2.1235 0.3731 5 0.1832 0.2941 0.9385 -19.16
be'oc"‘r’eSQiO“ JANUARY -0.1208 0.3114 0.7576 0.1740 8 0.3538 0.3333 0.2067 -4.63
FEBRUARY -0.0379 0.3666 0.7435 0.1275 13 0.3663 0.3333 0.2603 -8.20
MARCH 0.0070 0.2966 0.5728 0.0357 6 0.2051 0.3333 0.2600 -5.64
APRIL 0.1957 0.3538 0.5118 0.0002 4 -0.2622 0.3333 0.4118 -7.28
MAY 1.0333 5.1000 8.0333 0.0064 1 -0.1827 0.3462 45102 -142.90
JUNE -2.9086 0.9407 45653 0.7731 2 0.0370 0.3333 1.6096 7.74
JULY -1.1145 2.6263 5.9702 0.1376 4 0.1027 0.2941 2.0387 -73.54
AUGUST -4.2947 1.3223 6.3127 0.5584 4 0.0502 0.3137 0.5056 7.79
SEPTEMBER -1.6250 1.7385 4.0000 0.2889 1 -0.0100 0.3462 1.2076 -18.90
OCTOBER 0.2944 1.2149 2.0615 0.0124 4 0.1196 0.3529 0.9131 -24.07
NOVEMBER -0.2981 0.4216 1.0513 0.1978 6 0.2682 0.3529 0.3322 -3.62
DECEMBER -0.2375 0.3434 0.9130 0.2558 5 0.3207 0.3529 0.2372 -3.53
AVG_Q -5.0671 2.7650 9.8908 0.5462 5 0.3075 0.7451 0.0689 = 1125.10
WAT_YR_Q -1610.2818 1165.1951 3855.3601 0.5562 6 0.3475 0.7255 4258179 41543473
MIN_Q -1.5889 -0.1955 0.9964 0.6691 5 0.1015 0.7451 -0.7202 323.78
MAX_Q -30.0316 1.5709 28.4204 0.9599 4 0.1718 0.7451 3.0324 | 3499.17
MAX_Q_DATE -0.5000 0.0000 0.3077 0.9132 1 -0.0360 0.7500 -0.1121 162.00
DATE_CM -0.3750 -0.1000 0.1111 0.3828 1 -0.0028 0.7500 -0.2024 200.50
ffﬁ)aogi{,ér PULSE_DATE -0.2181 0.0817 0.3563 0.6151 6 0.1220 0.7451 -0.1498 129.54
abO\é?v\éVrh"e ANN_30Q_MIN -1.8620 -0.4531 0.9209 0.5738 3 0.0855 0.7255 03891 34321
ANN_7Q_MIN -1.9641 -0.5557 0.8050 0.4560 3 0.0955 0.7255 -0.4099 344.07
BASEFLOW -0.5808 1.0064 2.8585 0.1779 4 0.0576 0.7255 1.3383 377.06
JUN-SEP_30Q_MIN -1.3048 8.2549 17.6865 0.0867 4 0.1690 0.7255 5.9467  1159.48
JUN-SEP_7Q_MIN 0.1864 9.3486 17.9110 0.0454 9 0.1590 0.7255 6.6441  1138.41
JANUARY -0.3773 2.2013 4.3956 0.1135 4 0.1897 0.7255 2.2193 346.04
FEBRUARY -1.0000 0.9583 2.5682 0.3205 1 0.0438 0.7308 0.8898 354.02
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MEMORANDUM — REGIONAL HYDRO-METEOROLOGICAL TREND ANALYSIS — COFFEE CREEK 16
Station Variable Lower Bound @ Trend Slope = Upper Bound @ Significance (p) nruns @ autocor = valid_frac linear intercept
MARCH -1.8792 -0.4426 1.2517 0.5562 4 0.1384 0.7255 -0.3438 354.47
APRIL -1.5000 -0.2708 1.3333 0.6874 1 0.0456 0.7308 -0.1932 366.91
MAY -19.4737 -4.0000 15.4545 0.6238 1 0.0137 0.7308 0.4902 = 1519.00
JUNE -17.6893 4.0183 26.6525 0.7061 3 0.1104 0.7451 5.4615 = 2798.44
JULY -25.1732 -4.7113 18.2735 0.7248 4 0.2017 0.7451 -4.8300 = 234356
AUGUST -17.2722 -4.9608 9.6567 0.4814 4 0.1866 0.7451 -5.3785 | 1880.56
SEPTEMBER -5.9583 4.7906 17.2834 0.3522 4 0.0874 0.7451 7.1078 = 1455.56
OCTOBER -3.7515 4.2796 12.0706 0.3268 3 0.0669 0.7451 3.8759 = 1136.93
NOVEMBER -6.2879 -2.3167 1.4000 0.2084 1 0.0013 0.7500 -3.6204 738.18
DECEMBER -0.2222 2.1875 4.7692 0.0575 1 0.0270 0.7500 2.5455 409.69
AVG_Q 0.0565 1.8415 3.4799 0.0412 1 -0.1660 0.9615 1.4550 420.86
WAT_YR Q -138.8900 468.2052 1072.9032 0.1033 1 0.0404 0.9423  337.8059 158900.45
MIN_Q -0.0215 0.2409 0.5120 0.0740 3 0.1782 0.9412 0.0214 55.96
MAX_Q -10.0000 5.1351 20.7317 0.5087 1 -0.2492 0.9615 2.0739 = 2163.78
MAX_Q_DATE -0.1860 0.0000 0.2333 0.8868 1 0.0471 0.9615 -0.0845 159.50
DATE_CM -0.2400 -0.0400 0.1667 0.6876 1 -0.0197 0.9615 -0.2434 183.06
PULSE_DATE -0.3736 -0.2289 -0.0543 0.0128 4 0.1061 0.9412 -0.4353 132.20
ANN_30Q_MIN 0.0329 0.2526 0.4768 0.0265 4 0.0717 0.9216 0.2064 56.57
ANN_7Q_MIN 0.0236 0.2775 0.5057 0.0252 5 0.0672 0.9216 0.2232 54.89
BASEFLOW 0.1329 0.4106 0.6895 0.0043 2 0.0219 0.9608 0.3392 72.90
JUN-SEP_30Q_MIN -0.1000 2.3532 4.8833 0.0568 1 -0.0591 0.9423 2.3799 406.00
S?jvsa?tog?v-e r JUN-SEP_7Q_MIN -1.0882 1.5393 40714 0.2376 1 0.0104 0.9423 1.6973 380.66
at the mouth | JANUARY 0.2422 0.5284 0.8564 0.0011 3 0.0177 0.9608 0.4523 70.83
FEBRUARY 0.1221 0.4311 0.6485 0.0026 3 0.0483 0.9608 0.2911 61.73
MARCH 0.0536 0.2829 0.4990 0.0151 5 0.0562 0.9608 0.2058 57.70
APRIL -0.0521 0.2760 0.6083 0.0962 3 0.0727 0.9608 0.2474 62.75
MAY -5.0455 2.1297 9.6667 0.5693 1 -0.0422 0.9423 4.2022 782.15
JUNE -9.2308 -1.7054 5.9524 0.5989 1 -0.0414 0.9423 -4.3566 | 1559.46
JULY -6.2941 -0.4615 4.7045 0.8606 1 0.0429 0.9615 -0.9441 804.88
AUGUST -4.2000 0.1111 3.9259 0.9600 1 -0.1254 0.9615 0.6572 621.39
SEPTEMBER 0.4677 4.2083 8.0429 0.0329 1 -0.0457 0.9615 3.8942 503.92
OCTOBER -0.6667 1.6053 3.7143 0.2022 1 -0.1211 0.9808 2.3479 280.24
NOVEMBER -0.1190 0.7632 1.4444 0.1008 1 0.0169 0.9808 0.8365 139.24
DECEMBER -0.0614 0.4717 1.0656 0.0790 4 0.0536 0.9804 0.4387 100.44
AVG_Q -0.0066 0.1980 0.4390 0.0827 4 0.0671 0.6275 0.1670 30.89
WAT_YR Q -5.9012 89.2532 152.2741 0.0716 4 0.0294 0.6078 84.4263  11079.69
MIN_Q 0.0335 0.0814 0.1344 0.0041 4 0.0409 0.6275 0.0773 3.98
MAX_Q -2.8473 0.0980 3.2693 0.9527 3 0.0665 0.6667 0.2216 260.90
MAX_Q_DATE -0.5118 -0.0690 0.3834 0.8840 4 0.2462 0.6275 -0.0730 147.57
DATE_CM -0.4286 0.0000 0.4167 0.9172 1 0.0477 0.6538 0.0936 167.50
PULSE_DATE -0.3636 -0.0870 0.1053 0.3723 1 -0.0269 0.6538 -0.1251 124.33
ANN_30Q_MIN 0.0290 0.0945 0.1363 0.0039 5 0.0321 0.6078 0.0660 4.00
ANN_7Q_MIN 0.0299 0.0834 0.1301 0.0037 4 -0.0021 0.6275 0.0731 4.05
BASEFLOW 0.0208 0.0954 0.1401 0.0088 5 0.1307 0.6471 0.0728 5.37
JUN-SEP_30Q_MIN -0.2320 0.1990 0.6978 0.2773 4 0.1699 0.6275 0.1975 23.10
(,\],?3:,322{; JUN-SEP_7Q_MIN -0.1669 0.1816 0.5406 0.2365 4 0.1504 0.6275 0.1734 22.00
Rin\;QS:‘g the  JANUARY -0.0051 0.0670 0.1228 0.0660 4 0.1052 0.6667 0.0667 6.26
FEBRUARY -0.0026 0.0667 0.1224 0.0540 3 0.0339 0.6667 0.0747 5.24
MARCH -0.0061 0.0522 0.1180 0.0802 4 0.0933 0.6667 0.0508 5.23
APRIL -0.0186 0.0463 0.1243 0.1683 1 -0.1135 0.6731 0.0436 6.69
MAY -0.5198 0.7829 2.7330 0.2726 5 0.1534 0.6667 0.6367 84.31
JUNE -1.7001 -0.2176 1.1468 0.8821 4 0.2243 0.6667 -0.1465 90.07
JULY -0.2702 0.3911 1.0536 0.1583 2 0.0323 0.6275 0.1931 35.84
AUGUST -0.3211 0.1857 0.8000 0.4408 1 -0.0408 0.6538 0.3904 29.86
SEPTEMBER -0.0732 0.4983 1.0687 0.0949 3 -0.0456 0.6275 0.4308 26.69
OCTOBER -0.1594 0.2678 0.7098 0.1726 4 0.1430 0.6667 0.1379 16.39
NOVEMBER -0.0308 0.1406 0.3143 0.1231 3 0.2348 0.6667 0.0575 10.67
DECEMBER 0.0523 0.1330 0.2157 0.0049 5 0.1545 0.6667 0.0999 6.30
AVG_Q -0.0607 0.1987 0.4366 0.1331 1 -0.1353 0.9231 0.1182 59.91
K,?,%Eﬁgoéi;er WAT_YR_Q 2.8455 85.1145 161.9826 0.0436 1 -0.0843 0.9038 85.7311  21435.88
abOVérBGSEanza MIN_Q 0.0361 0.0932 0.1468 0.0023 5 0.3042 0.9020 0.0741 6.15
MAX_Q -1.9750 0.2113 2.4118 0.8428 1 0.0154 0.9423 0.7792 411.77
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MEMORANDUM — REGIONAL HYDRO-METEOROLOGICAL TREND ANALYSIS — COFFEE CREEK 17
Station Variable Lower Bound @ Trend Slope = Upper Bound @ Significance (p) nruns @ autocor = valid_frac linear intercept
MAX_Q_DATE -0.3846 -0.0728 0.1333 0.3970 1 -0.0425 0.9231 -0.0987 155.60
DATE_CM -0.2308 0.0000 0.2727 0.9361 1 -0.0407 0.9231 -0.0272 171.00
PULSE_DATE -0.1843 -0.0467 0.0997 0.4717 3 0.0414 0.9020 -0.1447 123.11
ANN_30Q_MIN 0.0366 0.0868 0.1367 0.0012 4 0.1560 0.8824 0.0835 6.90
ANN_7Q_MIN 0.0402 0.0920 0.1441 0.0005 4 0.1453 0.8824 0.0891 6.46
BASEFLOW 0.0637 0.1152 0.1602 0.0001 5 0.1380 0.9216 0.1014 8.73
JUN-SEP_30Q_MIN -0.1427 0.1781 0.5422 0.3416 1 -0.1153 0.9231 0.1498 48.71
JUN-SEP_7Q_MIN -0.0181 0.2414 0.5365 0.0783 1 -0.1024 0.9038 0.2507 42.51
JANUARY 0.0622 0.1186 0.1773 0.0002 4 0.1321 0.9216 0.1094 8.39
FEBRUARY 0.0577 0.1026 0.1504 0.0001 4 0.0881 0.9216 0.0971 7.73
MARCH 0.0357 0.0863 0.1412 0.0012 4 0.1101 0.9216 0.0770 7.78
APRIL 0.0143 0.0805 0.1433 0.0135 1 0.0026 0.9231 0.0803 9.37
MAY -0.6111 0.4404 1.5600 0.4392 1 -0.0575 0.9231 0.6071 143.69
JUNE -2.5442 -0.8746 0.4438 0.1728 5 0.0582 0.9020 -0.9675 216.31
JULY -0.5200 0.2384 0.9412 0.4770 1 -0.0730 0.9231 0.2537 81.54
AUGUST -0.4480 0.2180 0.8480 0.4937 1 -0.1768 0.9231 0.2037 66.07
SEPTEMBER 0.0581 0.6200 1.1405 0.0336 1 -0.1471 0.9231 0.4259 57.14
OCTOBER -0.0261 0.2639 0.6310 0.0944 1 0.0389 0.9423 0.2998 32.46
NOVEMBER -0.0106 0.1189 0.2466 0.0965 4 0.0748 0.9412 0.1280 17.60
DECEMBER 0.0661 0.1420 0.2169 0.0006 3 0.0183 0.9412 0.1186 10.95
AVG_Q -0.0756 0.0013 0.0847 0.9099 1 -0.2544 0.7308 0.0110 12.52
WAT_YR_Q -29.2878 -7.2135 18.0694 0.5387 1 -0.1957 0.7115 -3.5656 4959.24
MIN_Q 0.0065 0.0153 0.0211 0.0003 3 -0.0842 0.7059 0.0124 151
MAX_Q -1.0065 -0.0154 0.9778 0.9699 1 -0.0568 0.7308 0.0031 87.49
MAX_Q_DATE -0.5882 -0.3077 0.0526 0.1098 1 -0.0423 0.7308 -0.2726 169.54
DATE_CM -0.4000 0.0000 0.2222 0.8010 1 -0.0303 0.7308 -0.2152 178.00
PULSE_DATE -0.4211 -0.1176 0.1613 0.4425 1 -0.0355 0.7308 -0.2533 131.91
ANN_30Q_MIN 0.0035 0.0130 0.0206 0.0062 1 -0.0838 0.6923 0.0118 171
ANN_7Q_MIN 0.0045 0.0140 0.0215 0.0073 1 -0.0303 0.7115 0.0126 1.61
BASEFLOW 0.0058 0.0158 0.0247 0.0021 5 0.0617 0.7255 0.0147 2.24
JUN-SEP_30Q_MIN -0.1107 0.0055 0.1125 0.9479 1 -0.0928 0.7115 -0.0153 11.28
095,3\3(314 ) JUN-SEP_7Q_MIN -0.0827 0.0212 0.0986 0.7436 1 -0.0776 0.7115 -0.0024 10.21
Klondike River  jANUARY -0.0008 0.0119 0.0240 0.0775 4 01253 07255  0.0134 2.39
near the Mouth
FEBRUARY 0.0070 0.0177 0.0250 0.0030 3 0.0373 0.7255 0.0156 1.94
MARCH 0.0009 0.0100 0.0181 0.0357 1 -0.0367 0.7308 0.0080 1.92
APRIL -0.0019 0.0133 0.0234 0.0916 3 0.0812 0.7255 0.0146 2.04
MAY -0.1455 0.1363 0.3322 0.3138 1 0.0144 0.7115 0.1530 16.29
JUNE -1.0197 -0.5886 -0.1680 0.0093 5 0.1535 0.7059 -0.3781 56.19
JULY -0.2955 -0.0462 0.1706 0.6782 1 -0.1737 0.7308 -0.0134 22.77
AUGUST -0.1293 0.0526 0.2202 0.5953 3 0.0854 0.7059 0.0539 13.65
SEPTEMBER -0.0269 0.0990 0.2217 0.1413 1 -0.0180 0.7308 0.0892 10.13
OCTOBER -0.0800 0.0100 0.0835 0.8370 1 -0.0480 0.7500 -0.0033 7.97
NOVEMBER -0.0178 0.0170 0.0473 0.2310 1 -0.0997 0.7500 0.0155 4.00
DECEMBER 0.0030 0.0221 0.0425 0.0252 1 -0.0777 0.7500 0.0191 2.69
AVG_Q -0.0243 0.0900 0.1985 0.1718 6 0.1020 0.5098 0.0582 3.07
WAT_YR_Q -14.0840 29.3177 70.7212 0.2525 4 0.1361 0.4902 19.8422 1337.70
MIN_Q -0.0010 0.0008 0.0028 0.3319 3 0.3594 0.5098 0.0026 -0.02
MAX_Q -0.9154 0.4842 2.1667 0.4243 1 -0.0066 0.5962 1.0093 58.44
MAX_Q_DATE -1.0000 -0.5385 0.1538 0.0984 1 -0.0887 0.5577 -0.3760 151.77
DATE_CM -0.4737 0.4000 1.1739 0.3673 1 -0.3950 0.5577 0.3552 148.60
PULSE_DATE -0.6713 -0.2285 0.2419 0.2901 4 0.0670 0.5098 -0.3552 124.06
ANN_30Q_MIN -0.0008 0.0011 0.0047 0.3383 3 0.1371 0.4902 0.0030 -0.02
,235&0&% ANN_7Q_MIN -0.0006 0.0007 0.0037 0.3431 3 0.1403 0.5098 0.0036 -0.01
a?\%i ttr?e BASEFLOW 0.0010 0.0073 0.0152 0.0185 3 -0.0459 0.5882 0.0097 -0.14
JUN-SEP_30Q_MIN -0.0478 0.0569 0.1429 0.3780 1 -0.0280 0.5577 0.0466 1.90
JUN-SEP_7Q_MIN -0.0145 0.0761 0.1537 0.0778 3 0.0287 0.5098 0.0516 0.51
JANUARY 0.0005 0.0056 0.0120 0.0271 5 -0.0219 0.6078 0.0087 -0.10
FEBRUARY 0.0000 0.0026 0.0070 0.0527 5 0.0876 0.6078 0.0059 -0.04
MARCH -0.0004 0.0012 0.0046 0.1634 4 0.1134 0.6078 0.0041 -0.02
APRIL 0.0003 0.0127 0.0409 0.0379 1 -0.0616 0.6154 0.0491 -0.18
MAY -0.6582 -0.0441 0.6997 0.9005 4 0.1351 0.5294 0.3700 24.73
JUNE -0.1645 0.0429 0.1681 0.6833 500 0.1095 0.6078 -0.1126 7.34
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MEMORANDUM — REGIONAL HYDRO-METEOROLOGICAL TREND ANALYSIS — COFFEE CREEK 18

Station Variable Lower Bound @ Trend Slope = Upper Bound @ Significance (p) nruns @ autocor = valid_frac linear intercept
JULY -0.0500 0.0748 0.2150 0.2365 1 -0.0191 0.6154 0.1003 4.20
AUGUST -0.0376 0.1317 0.3350 0.1534 1 -0.0248 0.5962 0.1393 1.90
SEPTEMBER -0.0107 0.1367 0.2655 0.0744 3 -0.0077 0.5882 0.1497 2.56
OCTOBER 0.0288 0.1015 0.1774 0.0144 3 -0.0130 0.6078 0.1076 -0.17
NOVEMBER 0.0237 0.0505 0.0728 0.0011 3 -0.2668 0.6078 0.0492 -0.69
DECEMBER 0.0050 0.0166 0.0281 0.0075 1 0.0118 0.6154 0.0187 -0.33
AVG_Q -0.1539 0.3885 0.7603 0.1501 1 0.0047 0.3462 0.2959 -1.63
WAT_YR_Q -122.3009 176.1795 317.5928 0.2241 9 0.2176 0.3137 53.9088 = -1763.39
MIN_Q -0.0538 0.0184 0.0620 0.7108 16 0.3548 0.3333 -0.0061 -0.60
MAX_Q -8.5000 2.0000 9.1538 0.8202 1 -0.2973 0.3462 0.7033 89.00
MAX_Q_DATE -2.3333 -0.2500 1.2500 0.6485 1 -0.2277 0.3462 -0.1517 158.00
DATE_CM -2.9293 -0.3674 1.8620 0.7731 4 0.0572 0.3333 -0.1548 178.29
PULSE_DATE -1.1429 -0.5000 0.2727 0.4247 1 -0.1719 0.3462 -0.3013 140.50
ANN_30Q_MIN -0.0772 -0.0192 0.0465 0.5584 6 0.2176 0.3137 -0.0150 1.24
ANN_7Q_MIN -0.0851 -0.0006 0.0565 0.9016 5 0.3351 0.3333 -0.0067 0.43
BASEFLOW -0.0943 -0.0463 0.0166 0.1151 3 0.2710 0.3137 -0.0210 3.01
JUN-SEP_30Q_MIN -0.5665 0.0217 0.6507 0.7731 4 0.1448 0.3333 0.1670 11.76

%?)is?\%e JUN-SEP_7Q_MIN -0.3248 0.1756 0.6455 0.4838 7 0.1061 0.3333 0.2578 -0.19
Rin\;l neat the " JANUARY -0.1121 -0.0389 0.0558 0.3434 5 03842 03333  -0.0026 2.62
FEBRUARY -0.0830 -0.0210 0.0482 0.5923 5 0.3164 0.3333 -0.0037 1.41

MARCH -0.0873 -0.0079 0.0584 0.7731 6 0.3342 0.3333 -0.0070 0.78

APRIL -0.0420 0.0464 0.1667 0.1978 1 -0.1237 0.3462 0.1427 -0.76

MAY -1.2286 0.4667 2.3933 0.5445 1 -0.0061 0.3462 0.7908 30.87

JUNE -1.6887 0.0764 1.3564 0.9016 7 0.3138 0.3333 -0.2075 19.99

JULY -0.2277 0.7000 2.1929 0.1501 1 0.0276 0.3462 1.1257 -15.63

AUGUST -0.9820 0.4036 1.6850 0.4260 1 -0.1693 0.3462 0.2984 -2.94

SEPTEMBER -0.9573 -0.2899 0.8582 0.7108 9 0.1734 0.3333 0.3134 31.42

OCTOBER -0.3272 -0.1223 0.0579 0.3031 6 0.1379 0.3333 0.0234 12.43

NOVEMBER -0.3682 -0.2074 0.0395 0.1275 5 0.1782 0.3333 -0.0644 12.01

DECEMBER -0.1668 -0.1060 -0.0284 0.0074 7 0.2757 0.3333 -0.0396 6.27

NOTE: Variables highlighted in green are significant at p < 0.05, and those highlighted in yellow are significant at p < 0.10.
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Appendix E: Regional Hydrometric Data

Coffee Gold: Hydro-meteorology Baseline Report

09AHO003 - Big Creek near the Mouth

E-1

YEAR | MAX [ MIN AVG F;Eéﬁ; '\S,Aé.? D(';;F 73:'ATN J;Jg'\'/lslip JAN FEB MAR | APR MAY | JUN JuL AUG SEP ocT NOV DEC :L’J\"L\‘g;';
1974 - 0.07 - - - 105 - 29 - - - - - - - 19.6 4.5 22 0.6 0.1 NA
1975 | 1470 0.04 10.0 128 131 188 0.0 6.4 0.1 0.1 0.1 0.4 373 14.6 23.9 23.1 13.8 4.1 0.4 0.2 1745
1976 | 206.0 0.06 8.7 123 197 187 0.1 24 0.1 0.1 0.1 0.4 23.4 25.7 42,5 5.9 29 17 0.8 0.3 153.1
1977 | 408 0.05 5.4 121 185 176 0.1 27 0.2 0.2 0.2 0.5 17.6 17.9 15.8 3.9 4.3 238 0.7 0.1 94.4
1978 | 175.0 0.02 9.0 135 195 199 0.0 37 0.0 0.0 0.0 0.0 7.0 208 40.1 23.4 77 4.8 18 0.6 156.8
1979 | 559 0.07 7.0 122 174 191 0.1 5.4 0.3 0.1 0.1 0.2 18.0 18.4 19.6 12.0 103 3.5 11 0.4 1235
1980 [ 912 0.09 6.0 129 260 228 0.1 34 0.2 0.2 0.2 0.3 7.8 4.7 16.6 11.0 22.1 77 0.8 0.2 105.2
1981 | 623 0.16 53 126 185 200 0.2 3.2 0.2 0.2 0.2 0.2 12.8 4.7 18.4 14.0 59 4.8 16 0.4 93.7
1982 [ 781 0.10 6.0 130 214 160 0.1 23 0.2 0.1 0.1 0.2 24.0 20.1 4.9 16.0 27 19 0.8 0.3 105.1
1983 | 1130 0.00 74 141 154 204 0.0 4.2 0.1 0.1 0.1 0.1 8.5 213 17.9 273 8.9 3.3 0.4 0.0 129.3
1984 - - - 131 132 148 0.0 26 0.0 0.0 0.0 0.1 - - 19.6 4.3 13.8 26 0.4 0.1 NA
1985 [ 90.0 0.01 8.2 134 139 180 0.0 6.0 0.0 0.0 0.0 0.1 25.9 23.4 20.1 11.7 10.8 35 13 0.8 143.8
1986 | 117.0 0.04 7.0 142 209 184 0.0 5.1 0.5 0.3 0.1 0.1 216 18.4 17.2 109 9.3 35 0.7 0.6 122.4
1987 | 109.0 0.03 6.6 125 156 157 0.0 26 0.4 0.2 0.1 0.7 26.8 18.6 7.0 12.0 78 3.3 1.0 0.4 115.2
1988 | 645 0.15 75 122 130 193 0.2 4.3 0.2 0.2 0.2 0.5 26.7 11.0 23.0 15.7 6.1 3.2 17 0.8 131.8
1989 [ 227 0.06 3.2 124 134 181 0.1 24 0.4 0.2 0.1 0.2 10.6 7.9 6.1 4.7 4.0 25 11 0.5 56.3
1990 | 1420 0.03 129 110 120 135 0.0 14 0.3 0.1 0.1 218 76.8 17.0 8.5 3.7 19.0 59 1.0 0.3 226.8
1991 [ 987 0.18 12.1 118 141 172 0.2 8.8 0.2 0.3 0.4 2.8 49.6 23.1 18.1 18.0 20.5 57 3.6 22 2125
1992 | 2140 0.34 13.6 122 148 173 03 78 1.1 0.4 0.5 14 52.2 337 36.2 124 165 4.9 2.0 11 239.1
1993 | 646 0.18 76 113 138 157 0.2 35 0.5 0.2 0.2 5.3 36.0 10.0 12.6 135 72 2.0 19 13 133.9
1994 - 0.15 - 188 189 213 0.2 23 0.7 0.3 0.2 7.9 19.1 9.0 - - 3.0 23 0.5 0.3 NA
1995 - - - - - 183 0.2 - - - - - - - - - - - - - NA
1996 [ 797 0.00 6.1 139 185 214 0.0 24 0.2 0.0 0.0 0.0 6.3 6.0 225 21.2 12.1 29 0.7 0.1 106.3
1997 | 108.0 0.02 114 129 211 183 0.0 8.4 0.0 0.0 0.0 0.0 28.7 388 26,5 24.4 11.0 3.8 18 0.7 199.6
1998 18.0 0.03 2.2 122 170 168 0.1 17 0.2 0.1 0.1 0.2 8.6 8.3 2.7 19 24 12 0.2 0.0 38.0
1999 [ 986 0.02 4.6 133 156 172 0.0 24 0.0 0.0 0.0 0.2 9.6 22.0 6.3 4.2 8.9 3.1 0.4 0.1 80.1
2000 | 1400 0.02 16.0 121 129 198 0.0 105 0.0 0.0 0.0 0.7 53.2 26.6 2738 306 34.2 11.8 4.1 24 281.6
2001 | 2430 0.56 11.1 135 208 198 06 85 13 0.7 0.6 18 153 35.4 33.9 19.5 14.8 54 25 11 194.1
2002 | 481 0.21 6.6 127 244 212 0.2 25 05 0.3 0.2 0.7 19.4 9.1 9.2 14.8 16.4 4.6 19 1.0 115.0
2003 | 1310 0.12 6.8 115 170 186 0.1 5.8 05 0.3 0.1 4.0 123 185 20.1 117 7.1 4.7 16 0.7 119.8
2004 | 1170 0.34 6.3 118 129 140 03 2.7 0.4 0.4 0.4 2.4 40.2 6.3 4.8 7.1 6.1 4.8 13 0.6 110.5
2005 [ 410 0.26 6.8 114 118 206 03 45 0.4 0.4 0.3 7.0 14.8 8.6 11.8 12.8 16.4 6.1 2.1 0.4 119.2
2006 | 540 0.00 4.8 129 135 163 0.2 2.0 0.2 0.2 0.2 0.6 20.2 10.6 9.6 5.9 4.9 29 12 0.3 83.5
2007 | 423 0.00 55 115 185 173 0.0 4.3 0.0 0.0 0.0 2.8 233 8.9 11.0 6.8 76 3.7 0.9 0.3 96.2
2008 | 249.0 0.11 10.1 120 239 204 0.1 4.2 0.1 0.1 0.1 13 42.4 11.6 6.7 318 16.6 5.9 24 13 177.9
2009 | 1270 0.53 7.2 119 127 145 06 2.2 0.9 0.7 0.6 17 45.1 19.0 3.6 43 4.8 238 16 0.8 126.2
2010 | 156.0 0.22 102 110 183 202 0.2 35 0.4 0.3 0.2 8.7 17.7 7.7 38.0 23.0 16.7 4.7 24 13 178.6
2011 | 1230 0.84 15.1 121 140 186 038 8.7 12 13 0.9 3.7 44.2 318 372 36.8 12.0 5.4 3.0 17 263.9
2012 | 736 0.86 109 113 146 184 09 9.9 1.1 0.9 1.0 8.7 28.2 24.9 19.2 20.2 16.0 6.1 26 15 191.3
2013 | 1450 1.14 10.7 126 133 164 1.1 4.7 14 13 12 12 46.3 18.3 17.7 10.6 15.0 9.1 3.2 17 186.7
2014 | 460 0.48 6.1 115 127 191 05 3.2 13 1.0 0.7 2.8 23.9 4.8 8.8 7.0 123 6.2 25 13 107.0

*All values inm?3/s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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Appendix E: Regional Hydrometric Data E-2
Coffee Gold: Hydro-meteorology Baseline Report
09AH004 - Nordenskiold River below Rowlinson Creek
YEAR MAX MIN AVG F;TEQEET ’\g/;\éé? DCA’\;F 73"\\;';‘,\‘ J;Jg'\'/lslip JAN FEB MAR APR MAY | JUN JuL AUG SEP ocT NOV | DEC :L’J\"\’;'g'f‘;
1982 - 4.22 - - - 92 - 8.8 - - - - - - 11.2 25.0 16.4 11.6 8.0 4.8 NA
1983 185.0 2.30 18.6 117 155 163 2.5 14.4 3.6 3.4 2.7 8.4 58.6 51.4 24.8 285 19.2 11.3 6.6 3.4 91.5
1984 55.5 2.19 9.0 126 157 173 2.2 6.9 2.3 2.7 2.9 3.7 21.4 25.9 16.3 7.4 10.3 7.1 4.0 3.3 44.2
1985 96.7 2.36 14.9 133 147 174 2.4 11.9 3.1 2.6 3.0 4.0 42.6 42.2 18.7 18.8 19.6 12.7 6.8 4.3 73.4
1986 118.0 2.80 19.1 132 151 177 2.8 16.0 45 4.4 3.0 35 45.3 58.3 23.8 20.7 23.7 23.8 9.7 7.3 93.8
1987 71.2 2.00 10.9 119 138 160 2.0 6.5 3.7 2.6 2.1 5.0 38.1 29.3 13.0 9.9 9.6 7.7 5.1 4.2 53.6
1988 103.0 2.30 20.1 124 199 205 2.3 15.9 2.8 2.6 4.0 5.1 43.1 26.2 56.6 43.9 21.6 16.3 9.5 7.1 98.9
1989 119.0 3.50 14.3 112 121 144 3.6 7.5 4.1 4.0 4.7 20.4 58.3 19.1 22.4 11.1 8.0 8.1 6.0 4.8 70.5
1990 59.0 3.11 14.0 116 121 172 3.1 7.4 35 3.3 3.7 8.0 44.3 28.8 20.3 8.9 21.0 13.8 6.8 4.7 68.8
1991 114.0 2.72 23.2 116 126 207 2.7 17.1 3.1 2.9 3.6 10.5 64.0 28.7 32.8 29.8 48.0 27.2 15.5 10.9 1143
1992 199.0 5.50 27.0 122 149 171 5.5 20.8 8.5 6.8 6.1 8.4 71.4 79.3 45.5 26.6 32.3 18.9 12.2 7.8 133.3
1993 94.0 4.25 18.8 114 150 173 4.3 14.6 5.8 4.6 4.4 16.2 56.9 31.2 16.8 21.1 22.6 19.9 15.1 10.3 92.6
1994 39.6 2.87 9.3 109 136 150 3.2 5.2 6.9 4.8 35 9.5 32.4 16.2 9.8 5.6 7.9 7.8 4.0 3.1 45.9
1995 35.9 1.66 8.0 116 123 211 17 4.2 2.7 2.1 1.8 4.1 24.0 5.8 7.8 10.7 16.1 9.9 5.7 5.1 39.6
1996 41.7 2.50 9.4 115 199 199 2.5 5.6 3.9 3.1 2.7 6.0 21.4 9.3 21.3 19.1 11.6 6.0 4.9 3.2 46.5
1997 89.1 1.97 12.3 122 140 158 2.0 6.3 2.7 2.4 2.1 3.3 52.1 32.0 11.9 16.7 9.0 6.5 4.4 3.5 60.5
1998 39.6 1.26 5.8 112 126 148 2.7 3.2 3.1 2.8 2.7 5.2 23.8 12.8 5.0 3.5 4.1 3.4 17 13 28.6
1999 83.7 1.19 8.8 125 157 166 1.2 5.0 1.2 1.2 1.3 2.8 24.5 35.6 14.3 5.5 8.1 5.5 3.0 1.9 43.1
2000 120.0 1.35 28.5 127 236 238 1.4 22.1 15 1.4 1.4 5.6 39.7 40.1 36.1 63.8 84.9 41.6 16.6 8.2 140.5
2001 90.5 4.36 20.4 128 155 195 4.4 22.2 5.9 4.8 4.4 7.2 29.4 56.7 36.5 35.2 25.6 17.9 11.6 8.3 100.3
2002 717 2.56 11.6 128 138 168 2.6 9.3 6.2 4.2 2.7 35 37.6 21.8 11.7 14.2 175 9.5 5.9 3.9 57.2
2003 46.0 2.56 7.9 113 121 175 2.8 5.9 3.0 2.8 2.8 8.0 17.7 175 16.7 7.4 6.4 5.2 4.0 2.9 38.9
2004 96.3 1.52 10.2 120 130 147 2.2 5.3 2.3 2.3 25 4.1 57.3 18.7 6.6 6.3 8.5 7.1 4.7 2.0 50.6
2005 59.6 1.36 10.2 116 119 195 1.4 10.3 1.4 1.4 25 8.9 22.0 15.6 17.8 12.2 16.1 10.9 8.5 4.4 50.2
2006 71.9 2.36 9.9 127 142 161 2.4 6.8 2.9 25 25 4.1 34.5 25.7 17.6 9.5 7.4 5.4 3.1 3.0 48.7
2007 63.7 2.63 11.2 118 139 175 2.7 8.8 3.0 2.7 2.7 5.3 37.3 19.5 17.9 11.4 12,5 12.4 5.9 3.0 55.1
2008 115.0 2.50 19.7 122 240 199 2.5 13.8 2.6 25 2.9 4.4 56.2 34.5 24.8 33.2 36.4 17.9 13.0 7.8 97.4
2009 206.0 3.75 16.7 119 128 139 4.2 7.4 5.1 4.3 4.2 7.7 108.1 | 26.9 10.7 7.9 8.0 6.6 5.1 4.1 82.2
2010 471 3.20 10.8 116 121 193 3.2 9.5 35 3.3 3.3 7.2 27.9 12.4 16.5 11.3 16.4 11.4 9.2 6.9 53.2
2011 131.0 3.77 23.0 125 141 197 3.8 21.3 4.9 4.3 4.0 3.9 66.3 40.3 28.8 47.9 315 20.9 12.4 9.2 113.3
2012 96.4 4.95 22.2 115 147 181 5.0 23.6 6.6 5.3 5.2 13.2 57.5 46.8 32.0 30.6 29.1 18.1 12.1 8.7 109.3
2013 144.0 5.56 21.8 129 134 169 5.6 12.3 75 6.6 6.0 5.7 64.4 53.4 28.5 27.4 23.1 18.6 10.2 9.3 107.4
2014 95.7 4.09 16.5 118 126 160 4.1 10.6 8.1 6.5 4.9 6.5 64.7 19.8 12.4 12.2 213 20.7 10.7 9.4 81.3
*All values inm3/s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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Appendix E: Regional Hydrometric Data E-3
Coffee Gold: Hydro-meteorology Baseline Report
09BCO001 - Pelly River at Pelly Crossing
YEAR | MAX MIN AVG F;TE:EET %Q)T(S DCAJF 78&'}‘,\‘ J;Jg,\'/ﬁip JAN FEB MAR | APR MAY JUN JuL AUG SEP ocT NoV DEC F'?L’;"\"\'g'f;
1974 - 62.60 - - - 119 - 281.6 - - - - - 980.3 | 5083 | 598.1 | 3434 [ 2214 | 1128 75.7 NA
1975 | 25900 | 5040 [ 458.6 131 158 178 50.7 344.7 55.5 55.0 51.4 60.9 883.2 | 1827.7 | 9160 | 456.6 | 4789 | 4285 | 1679 [ 1057 295.8
1976 | 14200 | 5640 [ 380.0 125 159 180 56.4 303.4 715 60.5 57.2 59.7 935.6 | 1194.0 | 9400 | 4630 | 3231 | 2505 | 10838 81.0 245.6
1977 | 19800 | 4840 [ 370.8 127 151 178 49.0 321.9 68.1 62.0 53.6 54.4 878.0 | 12148 | 6715 | 4355 | 4165 | 3440 | 156.9 76.4 239.2
1978 | 15100 | 3510 [ 3525 128 158 195 35.6 289.4 57.1 43.9 36.5 40.5 547.0 | 10820 | 7263 | 6554 | 3461 | 3680 | 1974 [ 108.0 2273
1979 | 21800 | 4470 [ 4191 121 159 177 45.7 250.7 61.8 49.8 54.0 60.2 869.6 | 1629.0 | 9339 | 6071 | 2815 | 2601 | 1185 81.5 2703
1980 | 12700 | 47.90 [ 3134 131 140 200 48.4 371.6 64.2 52.1 50.8 70.8 626.5 | 760.7 | 5576 | 455.6 | 4421 | 3764 | 19838 95.3 202.7
1981 | 14400 | 5540 [ 3164 122 150 177 55.8 240.6 711 61.2 57.4 69.3 931.6 | 8013 | 5405 | 3388 | 3518 | 3152 | 146.1 90.9 204.0
1982 | 17400 | 28.00 [ 305.7 133 163 177 28.5 257.4 46.6 32.6 33.6 38.6 527.6 | 1260.1 | 5445 | 368.2 | 2841 | 2911 | 140.2 90.4 197.1
1983 | 27000 | 39.90 [ 4104 126 158 177 40.4 406.7 66.7 62.5 47.8 66.1 793.3 | 15837 | 6660 | 5711 | 5473 | 2996 | 135.1 73.8 264.6
1984 | 16100 | 3550 [ 343.7 130 166 183 36.1 290.4 50.8 437 38.0 62.0 684.8 | 11605 | 7384 | 4291 | 4406 | 2433 | 14238 84.8 222.2
1985 | 24800 | 44.00 [ 4215 137 159 186 44.8 446.3 64.8 51.1 46.4 49.5 550.0 | 1582.4 | 10359 | 623.8 | 4761 | 3355 | 1165 98.5 27138
1986 | 23600 | 38.60 [ 4885 133 162 185 39.1 463.3 81.0 62.0 46.4 414 707.1 | 18720 | 9108 | 674.6 | 6196 | 4818 | 2346 [ 1157 315.0
1987 | 21100 | 5420 [ 4123 129 155 182 55.0 426.7 84.4 70.7 56.7 68.1 789.1 | 13875 | 7693 | 509.6 | 499.6 | 4247 | 1501 [ 119.9 265.9
1988 | 19100 | 57.00 [ 430.3 125 139 186 57.2 392.4 85.6 67.4 61.4 79.3 | 10336 | 11646 | 9696 | 600.5 | 4207 | 3613 | 163.6 | 1355 278.2
1989 | 16200 | 46.50 [ 287.7 119 132 161 46.5 163.0 98.8 64.4 49.0 78.8 [ 1093.0 | 9009 | 4014 [ 2437 | 1745 | 159.0 95.3 75.5 185.6
1990 | 19800 | 39.00 [ 431.9 122 155 185 39.0 347.7 65.2 43.0 435 75.8 954.4 | 12740 | 6738 | 4051 | 898.0 | 4979 | 1422 93.1 2785
1991 | 15200 | 60.00 [ 522.0 120 142 197 60.0 577.1 72.6 62.9 60.5 89.7 | 1250.1 | 11727 | 9924 | 8384 | 7905 | 5140 | 2375 | 1455 336.7
1992 | 28300 | 80.00 [ 506.4 129 160 178 80.1 380.3 107.0 90.1 81.9 1038 | 652.8 | 2308.3 | 12408 | 560.5 | 4559 | 2561 | 121.7 [ 102.7 327.5
1993 | 29100 | 55.00 [ 474.7 124 156 166 55.3 378.7 82.1 67.2 59.9 90.5 | 13645 | 17772 | 7645 | 4736 | 4195 | 3223 | 1272 | 1249 306.1
1994 | 14900 | 67.30 [ 3511 120 146 172 67.6 217.7 91.9 73.7 68.3 1224 | 900.7 | 11433 | 5425 | 2621 | 2627 | 4386 | 1640 | 1256 226.4
1995 | 10200 | 53.90 [ 323.7 119 136 192 54.1 374.6 91.0 71.6 58.0 1182 | 7714 | 6631 | 4478 | 4808 | 6133 | 3265 | 13338 92.4 208.8
1996 | 15900 | 4740 [ 3985 121 150 194 47.6 472.0 72.8 58.5 50.0 88.1 795.1 | 10492 | 766.1 | 686.9 | 6352 | 2932 | 1745 [ 1017 257.7
1997 | 15700 | 39.50 [ 342.0 126 146 181 39.7 326.3 69.9 51.1 41.0 60.6 867.9 | 966.3 | 6277 | 6047 | 3822 | 1736 | 1324 [ 103.6 2205
1998 | 15500 | 37.10 [ 261.0 120 151 167 37.2 207.3 64.3 44.3 37.7 84.3 788.8 | 817.1 | 3457 | 2624 | 2543 | 2138 | 12438 80.6 168.3
1999 | 14300 | 39.00 [ 354.2 129 168 192 39.0 428.3 53.2 41.3 39.3 60.2 579.0 | 1097.8 | 5950 | 579.3 | 4963 | 3625 | 2053 [ 1256 2285
2000 | 1440.0 [ 49.80 | 4965 129 163 223 50.6 567.3 75.2 55.0 51.9 53.4 535.5 | 1194.4 | 7660 | 9049 | 930.2 | 8474 | 3524 [ 1812 321.1
2001 | 2300.0 [ 6530 | 4166 136 159 179 65.7 359.6 124.1 91.1 70.3 79.1 466.0 | 1783.0 | 888.0 | 4495 | 4602 | 3148 [ 1500 | 1179 268.7
2002 | 1300.0 [ 37.30 | 33438 130 144 202 375 313.0 81.6 55.7 40.1 44.2 7461 | 769.9 | 3859 | 5627 | 7129 | 3122 | 1575 [ 1335 215.9
2003 | 1210.0 [ 5830 | 282.0 121 164 181 58.4 242.7 95.6 72.1 61.9 78.5 4944 | 909.0 | 549.6 | 2775 | 3183 | 30438 97.9 112.6 181.8
2004 | 2390.0 [ 5820 | 3515 125 153 164 58.2 204.9 82.1 61.3 58.5 617 [ 10487 | 15311 | 4591 | 256.9 | 2284 | 2309 | 116.9 81.1 2273
2005 | 2340.0 [ 60.00 | 4525 120 142 172 60.0 424.9 67.4 61.8 60.0 92.7 | 1504.9 | 1159.0 | 6472 | 5172 | 5352 | 4070 | 1847 [ 160.2 2918
2006 | 1490.0 [ 53.00 | 3562 132 149 179 53.0 369.1 95.0 65.9 54.4 66.1 698.5 | 12359 | 569.7 | 418.8 | 4487 | 3697 | 1241 [ 1143 229.7
2007 | 1860.0 [ 4450 | 37238 124 160 186 445 356.3 89.0 60.1 45.5 84.6 681.8 | 11726 | 7886 | 506.9 | 4640 | 3190 | 1406 [ 1021 240.4
2008 | 2090.0 [ 54.00 | 5145 127 152 200 54.0 519.3 70.1 58.0 54.6 79.7 | 10946 | 11924 | 9146 | 7087 | 9776 | 6192 | 2264 | 162.6 332.7
2009 | 2000.0 [ 67.40 | 4004 125 160 166 67.4 259.3 111.0 85.6 714 73.6 | 11513 | 15119 | 5327 | 3121 | 4022 | 2857 | 1408 [ 1125 258.2
2010 | 9200 [ 5540 | 2576 118 163 179 55.4 210.4 69.7 58.7 55.8 91.6 569.9 | 7503 | 5688 | 2664 | 2533 | 1896 | 115.0 88.6 166.1
2011 | 21000 [ 46.10 | 4612 133 148 190 46.4 541.9 66.4 56.9 49.5 50.7 878.6 | 1291.1 | 10469 | 793.3 | 6152 | 3635 | 1584 [ 1340 2975
2012 | 2460.0 [ 6450 | 4952 130 170 183 65.1 438.9 93.9 74.8 68.3 95.9 701.9 | 1955.0 | 1264.8 | 6327 | 4931 | 2796 | 1633 [ 1160 3203
2013 | 3320.0 [ 65.60 | 4512 135 155 174 66.0 345.6 97.6 84.4 75.9 68.6 873.5 | 17569 | 5947 | 4418 | 637.1 | 4248 | 2102 [ 1409 291.0
2014 | 1660.0 [ 54.70 | 396.9 124 144 183 55.6 421.7 110.7 87.7 69.2 66.9 | 10744 | 9128 | 6322 | 4635 | 5148 | 4796 | 1840 [ 139.7 255.9
*All values inm3/s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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Appendix E: Regional Hydrometric Data E-4
Coffee Gold: Hydro-meteorology Baseline Report
09CAO006 - Nisling River below Onion Creek
YEAR MAX MIN AVG F;TE:EET %Q)T(S DCAJIE 73’:‘/":',\‘ J;Jg,\'/ﬁip JAN | FEB | MAR | APR | MAY [ JUN | JuL | AuG | SEP | OCT | NOV | DEC :SSS?FL*
1995 - 9.24 - - - 113 - 39.5 - - - - - - - - 59.7 23.7 13.4 10.1 NA
1996 160.0 4.57 26.8 184 199 217 4.6 8.7 8.5 6.4 5.2 5.4 23.7 18.0 77.4 92.6 45.3 17.7 10.7 8.4 107.1
1997 334.0 6.10 40.0 129 213 209 6.1 28.8 7.4 6.6 6.2 7.4 80.0 73.7 86.1 | 1152 [ 427 23.8 15.3 116 159.4
1998 39.6 1.89 9.3 115 126 148 6.0 7.4 8.6 6.7 6.1 7.7 29.0 18.2 9.4 7.8 74 5.6 28 2.1 37.1
1999 215.0 172 17.1 123 158 169 1.7 9.5 18 17 2.0 5.3 415 65.4 21.1 14.4 21.6 16.3 8.5 5.7 68.3
2000 384.0 3.64 65.6 140 197 233 3.6 51.3 4.3 3.8 3.7 4.7 68.1 | 1038 | 1238 | 1815 [ 1809 | 744 20.6 15.1 262.2
2001 455.0 8.18 50.5 148 208 210 8.2 34.6 115 9.3 8.3 124 30.0 | 1164 | 1266 | 1067 | 921 35.4 27.2 19.0 2015
2002 354.0 7.16 35.3 128 210 210 7.2 16.2 14.1 10.4 7.7 7.7 89.6 418 59.1 67.2 66.2 28.4 16.0 13.1 140.8
2003 370.0 6.07 316 169 186 193 6.1 18.1 10.2 8.5 7.4 107 30.8 56.1 95.4 60.2 37.6 22.9 215 15.2 125.8
2004 - 5.48 - 184 185 217 5.5 175 8.4 6.3 5.6 7.9 1156 | 389 - - - 28.0 16.3 9.3 NA
2005 229.0 5.63 38.5 114 119 210 5.6 24.9 6.7 5.9 5.7 40.3 55.3 42.8 81.2 66.2 91.0 40.6 15.0 9.3 1535
2006 197.0 5.88 23.0 129 180 190 5.9 12.7 7.3 6.3 6.0 8.2 52.5 471 40.0 33.3 30.7 22.0 12.1 8.5 91.5
2007 194.0 6.02 29.2 119 185 188 6.0 19.1 7.0 6.4 6.1 112 87.3 27.1 60.0 435 44.3 30.8 145 9.6 1165
2008 572.0 7.00 43.2 118 240 236 7.0 21.8 8.1 7.4 7.1 165 84.9 57.7 498 | 1261 | 1012 | 297 16.1 12.0 172.6
2009 360.0 7.50 30.0 119 127 145 7.8 14.4 9.4 8.3 7.8 9.7 1712 | 571 21.9 18.0 19.9 14.6 10.3 8.5 1195
2010 253.0 5.39 39.2 181 232 231 5.4 111 6.8 6.0 5.5 155 38.5 156 | 1068 | 1026 | 1020 | 350 18.3 137 156.1
2011 310.0 7.19 64.3 123 141 200 7.4 47.4 116 10.5 10.1 9.6 1495 | 1240 | 1357 | 1859 | 66.7 30.7 175 136 256.4
2012 242.0 9.68 50.5 113 187 207 9.7 51.0 11.0 10.1 9.8 29.5 78.7 774 | 1011 | 107.8 | 1049 [ 441 16.6 13.0 201.8
2013 435.0 8.50 56.1 129 208 204 8.5 35.8 12.9 12.6 10.6 8.7 1428 | 974 | 1401 | 865 65.6 49.3 23.8 17.0 2235
2014 170.0 7.80 314 114 143 190 7.8 195 12.0 9.9 8.5 186 | 1026 | 27.9 41.1 38.4 51.8 32.9 17.9 124 125.1
*All values in m* /s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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Appendix E: Regional Hydrometric Data E-5
Coffee Gold: Hydro-meteorology Baseline Report
09CDO001 - Yukon River above White River
YEAR | MAX [ MIN [ Ave F;EQEET “g’;f;lg DQ\;F 73”;’;"\‘ J;Jg,\'/lslip JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC :g{\’;‘gﬁ;
1974 | 2660.0 | 436.00 - 177 221 200 - -- - -- - -- - 11928 | 21429 | 22481 | 16033 | 12055 | 9326 508.6 NA
1975 | 3790.0 | 317.00 | 1316.4 132 157 199 317.0 1614.3 411.7 389.5 347.9 3285 1590.1 | 3109.7 [ 29781 | 20555 | 18157 | 1587.1 | 6913 4245 278.6
1976 | 3850.0 | 345.00 | 1236.7 125 198 194 345.9 1105.7 367.5 360.0 351.2 374.8 1835.6 | 2976.0 | 30387 | 19297 | 1404.7 988.3 703.8 470.3 262.3
1977 | 32300 | 371.00 | 1234.2 130 157 195 373.4 1501.4 440.5 421.9 392.1 433.0 1516.8 | 30057 | 2568.1 | 20087 | 1627.3 | 12505 | 630.6 4614 261.2
1978 | 2680.0 | 276.00 | 1044.1 128 160 202 278.4 1067.1 390.8 341.9 296.0 299.5 12675 | 23003 | 21223 | 1896.8 | 12547 | 10500 | 8082 449.2 221.0
1979 | 3750.0 | 320.00 | 1279.9 123 160 196 323.3 1255.7 375.7 337.1 339.1 367.9 1546.0 | 32643 | 31190 | 22319 [ 14210 | 11500 | 6839 442.7 270.9
1980 | 2490.0 | 377.00 | 1109.7 135 201 210 381.0 1461.4 416.2 401.7 389.6 420.8 1184.7 | 2099.0 | 19448 | 18397 | 16257 | 14271 | 9985 545.6 235.5
1981 | 3010.0 | 348.00 | 1173.6 130 154 199 350.4 1352.9 452.2 381.7 367.1 399.8 1706.9 | 24103 [ 21290 | 1599.0 | 1529.0 | 14619 | 10365 | 5545 248.4
1982 | 3310.0 | 360.00 | 969.1 138 164 192 364.3 1101.4 4435 455.5 380.8 369.2 906.7 2648.0 | 17845 | 1389.0 | 11600 | 10276 | 6187 425.1 205.1
1983 | 4210.0 | 320.00 | 1105.4 132 158 195 324.3 1292.9 367.2 354.0 332.7 354.0 1311.3 | 30513 | 19765 | 16855 | 1551.0 | 10753 | 7146 458.8 234.0
1984 | 3030.0 | 310.00 | 1009.3 145 168 200 310.0 1228.6 390.4 356.4 315.8 359.3 788.2 24917 | 21877 | 14955 | 15153 | 1066.8 | 615.2 517.4 214.2
1985 | 4850.0 | 400.00 | 1259.0 141 160 195 400.9 1325.7 464.5 419.9 418.3 417.8 10904 | 33853 | 30290 | 20655 | 15113 | 11337 | 6586 462.6 266.5
1986 | 42000 | 307.00 | 1512.8 142 161 207 308.3 1648.6 420.5 401.2 359.6 318.1 11157 | 37673 | 32294 | 24719 | 20863 | 16726 | 13493 | 902.0 320.2
1987 | 4280.0 | 347.00 | 12423 135 156 193 347.9 1474.3 595.3 443.4 362.6 382.8 1417.0 | 3267.0 | 24887 | 17829 | 15803 | 13606 | 7359 446.3 262.9
1988 | 4050.0 | 295.00 | 1339.7 133 201 201 340.9 1450.0 406.5 357.6 342.9 399.7 1761.3 | 3027.7 | 32777 | 2506.8 | 16653 | 12658 | 6835 331.9 284.3
1989 | 2820.0 | 295.00 | 1040.3 122 162 188 295.0 1182.9 306.8 3795 375.0 382.3 2079.0 | 23580 | 1659.7 | 14342 | 12313 | 10745 | 6782 476.7 220.2
1990 | 4000.0 | 296.00 | 1299.7 128 180 193 296.9 1521.4 375.0 3175 303.0 418.1 1728.9 | 34877 | 25255 | 16187 | 21247 | 14827 | 7005 469.0 275.1
1991 | 3230.0 | 316.00 | 1384.2 132 214 209 317.3 1914.3 370.0 328.2 324.8 424.0 1761.6 | 27220 | 26858 | 23687 | 24347 | 18442 | 7074 561.4 293.0
1992 | 5440.0 | 362.00 | 1603.7 144 174 192 365.3 1624.3 467.4 385.1 392.2 470.3 1446.1 | 51003 | 41045 | 2517.1 | 19327 | 12623 | 6552 488.7 340.4
1993 | 4330.0 | 356.00 | 1296.4 134 156 188 356.9 1364.3 440.7 426.9 394.6 4455 2107.1 | 34633 | 23248 | 17687 | 14947 | 13042 | 7855 548.6 274.4
1994 | 2980.0 | 385.00 | 1195.9 127 166 193 387.9 1335.7 493.9 451.0 406.3 539.3 1650.0 | 27257 | 21842 | 15365 | 13807 | 16481 | 7582 525.2 253.1
1995 | 2060.0 | 300.00 | 969.1 121 138 200 300.9 1330.0 412.8 320.9 302.5 407.2 1656.1 | 17813 | 15004 | 14500 | 1590.0 | 11798 | 496.1 473.3 205.1
1996 | 2460.0 | 285.00 | 9527 138 154 203 286.4 1311.4 407.6 329.9 291.9 353.7 1144.2 | 19817 | 18094 | 15200 | 1538.7 932.1 642.6 463.5 202.2
1997 | 3030.0 | 259.00 | 1104.3 128 162 197 260.1 1288.6 334.3 283.7 262.3 290.7 1850.6 | 25847 | 20684 | 19129 | 14463 988.0 795.0 3785 233.7
1998 | 2680.0 [ 271.00 | 8319 130 153 184 276.1 886.4 344.8 4114 317.8 350.2 1363.9 | 20723 | 13542 | 1094.8 940.2 753.8 514.2 4425 176.1
1999 [ 27200 [ 300.00 | 9711 130 170 205 300.0 1340.0 319.0 302.1 300.5 324.6 1099.7 | 21583 | 17313 | 17284 | 14400 | 10978 | 6522 456.6 205.5
2000 | 3430.0 | 307.00 | 1476.8 149 275 227 307.1 1687.1 344.3 314.8 308.3 334.1 12543 | 2559.0 | 26616 | 27058 | 29443 | 24445 | 10816 | 726.2 313.4
2001 [ 4320.0 [ 380.00 | 1288.4 140 170 194 381.1 1584.3 557.5 471.0 394.5 435.8 11247 | 35127 | 28532 | 19487 | 16267 | 11920 | 7401 562.4 272.7
2002 | 27400 | 328.00 | 1154.1 130 247 212 328.0 1467.1 426.5 361.3 337.2 330.4 1581.2 | 22377 | 16813 | 1837.1 | 2157.0 | 13103 | 890.8 654.3 244.3
2003 | 22200 | 288.00 | 936.7 132 165 199 289.7 1137.1 480.1 379.6 307.1 359.5 1061.7 | 19410 | 18655 | 13684 | 12110 | 11501 | 5589 514.0 198.3
2004 | 4050.0 | 318.00 | 1180.6 135 163 189 319.0 1288.6 434.8 368.6 329.0 375.4 1856.2 | 32940 | 19706 | 14687 | 1307.0 | 12229 | 7342 785.7 250.6
2005 [ 41100 [ 366.00 | 1393.2 120 143 186 366.9 1694.3 600.6 480.0 384.2 502.1 28339 | 32080 | 23126 | 18477 | 18260 | 14603 | 6033 589.4 294.9
2006 | 3640.0 | 307.00 | 1196.6 137 171 197 307.0 1505.7 465.8 405.5 331.9 315.7 12447 | 31250 | 24348 | 17887 | 16803 | 13915 | 670.0 461.0 253.3
2007 | 3900.0 | 295.00 | 1267.1 138 160 200 318.4 1745.7 400.4 368.9 337.8 3345 13520 | 31283 | 26481 | 22358 | 18133 | 15068 | 6452 3745 268.2
2008 | 3610.0 | 313.00 | 1437.2 130 153 204 297.3 1781.4 463.0 409.4 333.0 4135 1886.9 | 30427 | 2866.1 | 21652 | 24013 | 17223 | 8208 686.0 305.0
2009 [ 3990.0 [ 378.00 [ 1319.2 123 161 182 378.7 1430.0 601.4 510.2 4395 405.6 2363.1 | 35630 | 21487 | 14913 | 15663 | 1477.7 | 7707 4475 279.2
2010 | 2340.0 | 346.00 | 986.9 117 184 194 346.4 1120.0 495.1 425.3 362.7 506.0 13945 | 1880.7 | 19052 | 13358 | 12563 997.4 635.5 604.3 208.9
2011 | 3390.0 | 304.00 | 1279.4 138 157 199 304.9 1802.9 482.8 383.6 321.0 419.8 16245 | 28977 | 25423 | 21265 | 19300 | 13912 | 6539 518.6 270.8
2012 | 4780.0 | 352.00 | 1393.8 146 168 196 352.3 17314 458.9 414.0 378.2 443.6 1311.0 | 37813 | 34755 | 21574 | 18333 | 1359.1 | 6024 482.2 295.8
*All values in m /s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
A362-3 LORAX



Appendix E: Regional Hydrometric Data E-6
Coffee Gold: Hydro-meteorology Baseline Report
09DD003 - Stewart River at the Mouth

YEAR | MAX | MIN [ AVG F;EQEET "gﬁé? DCAJF 73::‘/":‘,\‘ J;Jg'\'/lslip JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC :gxgﬁ;
1974 | 1280.0 | 105.00 - - 221 130 - 368.6 - - - - - 992.2 643.2 890.6 4435 247.7 166.9 123.1 NA
1975 | 3960.0 | 58.60 [ 595.4 130 159 176 59.2 446.1 85.2 73.8 65.8 60.9 1090.0 | 25523 | 11407 635.0 598.7 516.5 186.0 1225 368.2
1976 | 1760.0 | 59.20 [ 369.8 124 128 179 59.5 292.4 90.4 73.7 62.8 64.2 992.5 1062.3 758.0 494.1 3373 299.3 115.8 70.9 229.2
1977 | 2570.0 | 57.20 [ 407.0 128 155 170 58.8 286.7 64.1 74.7 63.0 68.7 0.7 1673.3 674.4 480.9 353.9 259.7 79.0 78.1 199.2
1978 | 2160.0 | 4330 [ 3964 128 163 190 44.2 299.3 62.8 55.4 48.4 53.3 509.8 13034 | 1102.6 603.9 324.6 351.9 194.1 122.7 245.1
1979 | 2110.0 | 5350 [ 519.7 121 155 185 53.8 386.0 82.5 60.7 63.4 66.2 1079.3 | 1629.0 | 1245.1 758.8 460.9 422.6 209.9 1223 321.3
1980 | 2040.0 | 66.50 [ 4412 126 164 191 67.3 458.1 82.4 70.4 71.9 90.9 834.0 1288.0 761.1 740.6 565.1 453.1 197.8 127.1 273.6
1981 | 1530.0 | 62.00 [ 4206 127 152 191 62.9 378.9 92.8 76.7 67.2 77.9 961.4 9475 847.7 643.1 626.2 420.5 150.3 106.1 260.1
1982 | 1850.0 | 4550 [ 390.7 134 167 181 46.0 277.7 89.5 54.5 48.9 56.3 601.5 1525.0 853.7 638.3 320.6 250.2 143.8 88.4 241.6
1983 | 3840.0 | 57.00 [ 4663 126 158 181 58.1 440.3 79.3 77.0 61.9 71.7 709.0 1836.7 724.4 798.4 608.3 319.4 188.5 111.1 288.4
1984 | 1680.0 | 5850 [ 374.2 123 169 178 59.5 245.1 69.8 61.8 68.0 108.9 885.2 1222.2 820.9 450.1 325.6 2225 139.5 105.9 232.0
1985 | 3740.0 | 5350 [ 4822 135 161 182 53.8 460.9 88.9 74.5 56.3 58.5 687.9 1916.7 | 1167.3 645.1 536.1 339.9 1228 75.6 298.2
1986 | 3030.0 | 64.00 [ 516.4 132 163 181 64.0 376.1 70.9 67.2 66.7 66.4 745.4 2122.3 | 10325 906.9 631.1 2714 1105 90.3 319.3
1987 | 3300.0 | 40.80 [ 461.0 130 156 183 411 419.1 83.3 74.5 52.0 56.8 747.2 1714.7 813.4 531.0 647.7 545.7 1405 111.1 285.1
1988 | 2370.0 | 6550 [ 548.1 124 139 185 65.7 519.3 80.3 71.2 68.3 116.3 1357.6 | 1512.7 | 10366 856.0 665.4 436.2 215.7 139.8 339.8
1989 | 1950.0 | 65.90 [ 364.7 120 162 163 66.0 224.0 99.9 76.9 67.0 1015 1212.9 | 1334.9 571.0 304.1 233.6 160.4 114.9 82.4 225.5
1990 | 2670.0 | 5350 [ 49538 124 156 186 53.6 382.3 65.7 56.9 54.4 100.0 971.7 1577.7 660.4 578.0 | 1047.2 | 594.1 134.8 94.7 306.6
1991 | 1830.0 | 63.80 [ 5275 121 142 180 64.1 414.4 86.4 80.3 711 80.9 1376.5 | 1539.7 | 10705 788.1 597.4 388.6 1235 90.8 326.2
1992 | 3870.0 | 83.20 [ 6455 146 174 182 83.4 474.3 87.3 84.3 89.5 118.9 578.9 2992.0 | 15584 | 878.0 765.8 336.3 161.5 105.9 400.2
1993 | 3600.0 | 60.80 [ 554.9 120 154 165 60.8 396.0 81.5 66.8 62.6 147.7 1573.2 | 2182.0 878.6 469.3 470.2 3314 216.9 156.5 343.1
1994 | 2030.0 | 49.80 [ 4305 118 146 170 50.0 242.1 93.3 56.8 51.0 152.3 12345 | 1560.3 840.6 393.2 275.3 298.2 100.9 85.3 266.2
1995 | 1620.0 | 63.00 [ 399.4 119 137 187 63.1 461.3 714 65.4 63.4 128.0 1040.9 919.2 532.9 554.2 764.6 370.8 174.1 88.4 247.0
1996 | 1840.0 | 5250 [ 4164 142 152 198 52.7 537.6 63.0 54.4 54.2 77.7 603.0 1302.5 793.0 705.2 753.3 290.1 190.1 108.3 258.2
1997 | 2270.0 | 47.50 [ 492.1 120 162 179 47.6 516.6 74.0 57.2 48.9 80.1 1281.3 | 1501.9 801.1 829.6 560.6 310.5 205.6 124.4 304.3
1998 | 2240.0 | 68.00 [ 359.0 124 152 169 68.1 318.0 89.7 76.2 69.4 106.9 946.5 1249.0 502.0 373.6 344.3 2673 163.3 106.3 222.0
1999 | 1760.0 | 47.10 [ 4032 128 168 189 47.2 465.1 62.5 51.9 48.5 55.0 733.4 1312.9 619.5 578.9 667.2 418.8 160.9 113.3 249.3
2000 | 2710.0 | 76.40 [ 624.0 128 169 197 76.4 836.0 88.3 80.4 77.1 80.4 800.8 1990.0 | 12276 | 1200.1 [ 898.6 593.7 262.8 176.3 386.9
2001 | 3830.0 | 7230 [ 5875 136 171 178 72,5 501.4 1215 93.1 75.4 84.5 678.0 2665.0 | 12757 737.9 695.4 326.8 166.6 123.4 363.3
2002 | 2310.0 | 60.00 - 120 240 211 60.0 486.6 90.4 74.0 64.3 60.9 - - 706.1 12452 | 910.2 361.6 187.9 1745 NA
2003 | 2280.0 | 75.00 [ 42138 131 164 186 75.0 367.1 1135 88.9 76.8 98.1 646.7 1368.8 793.1 490.4 655.1 390.8 182.4 145.1 260.8
2004 | 2870.0 | 73.80 [ 3714 128 151 164 74.0 199.4 108.3 84.5 76.2 77.3 1012.1 | 1637.6 | 464.4 335.3 212.9 176.8 147.4 123.9 230.3
2005 | 3160.0 | 61.40 [ 609.5 122 141 170 61.5 598.6 96.4 77.1 63.0 99.5 2022.3 | 16733 850.6 716.2 704.2 561.0 229.1 178.4 376.9
2006 | 2400.0 | 51.00 [ 4736 132 172 182 51.2 510.0 127.2 91.3 65.6 53.5 893.7 1615.3 856.7 576.6 674.0 452.0 151.6 107.4 292.8
2007 | 2940.0 | 56.50 [ 492.9 120 161 186 57.0 425.9 78.2 64.2 58.1 92.1 10341 | 1457.6 | 11449 668.4 691.9 335.7 155.1 106.9 304.8
2008 | 1830.0 | 60.70 [ 519.1 127 242 217 60.7 672.3 78.3 63.5 61.9 102.7 929.1 863.9 899.5 1053.3 | 1024.2 | 7735 220.7 133.1 321.8
2009 | 2370.0 | 75.80 [ 4995 123 161 173 75.9 350.3 102.6 88.2 80.1 80.0 1296.9 | 1758.0 608.0 521.1 754.5 415.0 159.0 115.3 308.9
2010 | 1640.0 | 72.70 | 3747 114 162 177 72.7 255.4 96.4 85.2 74.8 186.1 823.3 1141.1 831.4 492.1 356.2 198.7 100.3 92.4 231.7
2011 | 2790.0 | 61.00 [ 596.9 130 147 194 61.0 654.6 87.5 78.0 68.0 70.2 1163.0 | 1519.7 [ 14706 [ 10689 | 7853 468.3 187.8 151.0 369.1
2012 | 2880.0 | 84.80 [ 5384 116 165 179 85.0 547.9 125.3 106.9 92.8 240.5 978.6 1869.3 | 1154.0 654.1 599.5 351.8 165.4 118.4 333.8
2013 | 3480.0 | 71.70 [ 5327 137 153 187 71.7 466.0 98.5 84.8 74.8 72.2 934.3 1769.0 781.6 613.6 950.1 607.0 263.5 129.7 329.4
2014 | 1390.0 | 71.40 | 467.7 122 133 196 715 556.7 111.0 91.4 76.2 109.9 1022.8 982.5 724.3 802.8 722.9 598.9 183.7 154.2 289.2

*All values inm?/s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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Appendix E: Regional Hydrometric Data E-7
Coffee Gold: Hydro-meteorology Baseline Report
09DD004 - McQuesten River near the Mouth
YEAR | MAX | MIN | AVG F;E/;EET "g/;\éé? DCA’\;F 73::‘/":‘,\‘ J;Jg'\'/lslip JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NoV DEC QS’L\‘(;J?F';
1979 | 229.0 [ 564 | 503 122 146 189 - 435 7.6 5.8 6.8 8.1 143.0 1105 109.4 56.6 52.9 50.7 33.2 145 333.9
1980 | 183.0 [ 6.88 | 387 123 139 179 7.4 374 8.9 8.5 8.7 124 109.8 89.2 455 50.0 46.3 42.7 275 13.4 2575
1981 | 152.0 [ 4.98 | 336 131 139 191 5.1 35.8 10.4 5.9 5.4 6.3 75.9 714 56.5 42.9 58.8 38.7 18.2 103 2228
1982 | 2370 [ 519 | 326 131 150 164 5.3 21.0 6.7 6.1 5.6 5.7 93.0 130.0 53.1 28.2 22.3 18.2 118 9.2 216.4
1983 | 269.0 [ 560 | 344 121 152 173 5.7 22.6 7.8 7.4 6.0 7.7 99.5 97.8 435 57.1 42.8 18.7 13.9 9.4 228.7
1984 | 1920 [ 575 | 313 120 141 165 5.8 21.9 7.3 6.7 7.7 12.0 109.4 94.6 48.1 25.5 26.2 17.7 10.2 8.9 208.3
1985 | 290.0 [ 594 | 379 135 159 167 6.0 27.6 7.7 6.5 6.2 6.3 95.2 163.8 49.2 38.4 34.2 24.7 133 78 2513
1986 | 314.0 [ 6.60 | 359 132 149 161 6.6 22.1 7.6 7.2 6.8 6.8 105.3 153.9 404 37.3 29.8 16.7 10.0 76 238.1
1987 | 3150 [ 7.18 | 397 125 152 167 7.2 21.6 7.5 7.3 7.2 7.8 118.1 130.7 419 24.2 54.9 41.8 18.1 15.2 2635
1988 - 8.07 [ - 175 176 219 8.1 35.2 10.8 8.5 8.3 19.7 - - - - - 29.6 14.4 10.2 NA
1989 | 205.0 [ 6.18 | 295 115 130 152 6.3 17.1 8.2 7.3 6.6 178 1323 74.8 32.0 21.8 18.2 14.2 11.0 8.2 196.1
1990 | 162.0 [ 520 | 306 119 139 169 5.2 18.8 6.2 5.5 5.9 114 1155 62.5 24.4 28.4 45.0 33.8 16.6 10.0 203.1
1991 | 4200 [ 550 | 387 117 125 160 6.5 31.2 7.8 6.8 6.9 17.0 165.0 76.3 51.7 55.4 36.0 19.6 8.3 9.7 256.8
1992 | 404.0 [ 630 | 455 143 150 167 5.7 24.7 8.0 7.4 7.1 18.1 110.1 213.8 66.4 36.7 34.9 17.7 15.7 113 303.2
1993 | 334.0 [ 6.90 | 379 119 138 156 6.9 23.5 8.6 7.3 7.1 13.9 164.6 99.9 49.8 29.0 30.2 18.1 12.7 108 251.6
1994 | 2700 [ 7.00 | 335 122 145 159 7.0 20.0 8.5 7.3 7.0 9.3 143.6 78.6 47.0 24.9 27.3 21.5 14.1 9.9 2223
1995 | 1900 [ 4.75 | 312 112 135 169 4.8 28.5 7.0 5.3 5.1 23.7 104.5 64.5 36.3 36.2 44.1 28.3 113 6.3 2073
1996 | 221.0 [ 549 | 343 127 149 191 5.5 29.8 5.8 5.5 5.7 8.8 79.7 91.8 49.5 42.0 64.6 27.3 18.7 11.7 228.2
1997 | 334.0 [ 465 | 465 121 136 170 4.7 431 7.7 5.8 4.8 9.6 161.8 128.7 75.3 58.5 48.3 24.0 193 108 308.6
1998 | 1750 [ 581 | 236 117 147 156 6.0 16.3 8.0 6.6 6.1 126 91.4 62.6 25.8 17.2 19.9 13.0 11.2 78 156.8
1999 | 226.0 [ 417 | 326 125 156 165 4.2 23.3 5.1 4.4 4.2 7.9 99.5 115.4 34.1 26.3 39.8 28.3 14.1 10.6 216.2
2000 | 273.0 | 6.17 | 555 125 162 178 6.2 50.5 7.7 6.6 6.2 8.8 1215 205.6 104.3 72.0 65.0 37.0 16.6 13.7 369.4
2001 | 268.0 | 9.48 | 48.9 133 160 174 9.5 445 11.8 10.7 9.7 103 91.7 185.6 82.8 53.9 59.4 33.0 22.5 14.4 324.7
2002 | 162.0 | 6.00 | 35.4 126 141 189 6.0 32.3 9.7 7.4 6.3 7.1 99.3 73.3 39.3 66.4 55.6 27.3 18.3 13.1 235.3
2003 | 224.0 | 8.5 | 36.7 122 146 176 8.2 33.1 10.0 8.8 8.3 13.8 97.6 90.4 49.3 38.0 57.1 34.6 16.8 13.6 2433
2004 | 277.0 | 8.47 | 331 124 140 156 8.5 20.5 11.6 10.1 9.0 9.3 136.8 87.6 32.0 31.9 22.8 21.3 133 9.8 220.2
2005 | 335.0 | 5.76 | 51.9 118 137 161 5.8 434 7.7 6.4 5.8 14.1 224.2 108.2 56.0 58.1 57.5 49.2 185 125 344.7
2006 | 223.0 | 8.89 | 43.9 128 142 173 8.9 32.6 9.9 9.2 9.0 103 122.9 129.1 60.0 36.4 62.2 46.3 176 123 291.6
2007 | 265.0 | 6.92 | 42.9 121 148 168 6.9 37.9 11.1 9.5 7.4 9.3 147.1 99.0 83.3 45.0 48.6 27.2 13.0 10.9 284.7
2008 | 160.0 | 6.16 | 41.8 120 142 218 6.2 30.6 8.5 6.8 6.3 15.4 110.7 42.0 51.1 83.3 62.4 63.0 33.0 16.4 2783
2009 | 257.0 | 7.90 | 39.4 121 127 162 7.9 22.1 8.9 8.1 8.3 10.7 153.9 94.1 34.3 26.4 57.6 35.6 19.7 12.7 261.4
2010 | 162.0 | 8.83 | 33.7 114 141 171 8.8 24.9 9.7 8.9 8.9 23.3 97.8 78.1 61.3 39.1 314 18.0 14.8 10.9 223.6
2011 - 6.73 | 67.5 135 358 242 6.7 45.8 7.7 7.0 6.9 6.9 1313 72.2 87.3 86.5 72.0 38.8 15.0 269.6 448.4
2012 | 191.0 | 9.37 | 418 120 147 170 9.4 35.4 13.6 11.9 10.3 135 112.6 123.9 774 454 39.7 22.6 16.4 12.9 278.1
2013 | 413.0 | 8.97 | 38.0 133 150 161 9.0 215 10.6 9.3 9.1 9.0 118.7 123.4 40.2 25.7 44.7 29.2 20.3 13.9 252.0
2014 | 195.0 | 6.48 | 35.9 121 128 196 6.5 32.2 11.2 8.9 7.1 7.9 95.9 62.1 40.0 63.3 51.8 45.0 18.8 16.5 238.6
*All values inm3/s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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Appendix E: Regional Hydrometric Data E-8
Coffee Gold: Hydro-meteorology Baseline Report
09EA004 - North Klondike River near the Mouth

YEAR | MAX | MIN | AVG F;E’;EET '\gif;s D:JF 73":‘/":"\‘ J;Jg'\'/lslip JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC F’:{T{\’;‘gﬁ;
1974 - 215 [ -- -- -- 90 - 7.4 - - - - - - 9.9 116 9.1 4.8 33 2.6 NA
1975 | 858 | 1.78 | 15.0 123 155 177 18 14.6 2.0 2.2 2.1 2.0 28.9 59.7 26.7 18.6 178 11.2 5.3 3.1 434.0
1976 | 80.1 | 164 | 105 120 171 174 17 7.5 2.7 2.2 18 2.3 185 471 18.1 136 8.5 5.8 3.2 1.9 303.6
1977 | 779 | 184 | 122 123 154 170 18 8.1 2.3 2.7 2.1 2.7 22.2 59.3 20.1 119 9.3 7.7 4.0 2.6 353.9
1978 | 527 | 187 | 9.8 137 168 181 1.9 8.6 2.5 2.2 2.0 2.6 124 38.6 19.4 104 11.2 8.7 4.5 3.2 284.7
1979 | 836 | 1.70 | 155 121 189 186 17 13.2 2.4 18 1.9 2.3 27.9 51.4 434 19.1 14.8 11.0 5.5 3.4 447.9
1980 | 96.7 | 168 | 133 130 159 183 1.9 12.6 2.6 2.2 2.1 2.1 245 46.4 22.8 24.0 155 106 4.7 2.0 386.3
1981 | 872 | 173 | 151 132 148 202 17 17.6 2.4 2.3 2.9 2.8 28.2 29.1 32.2 26.5 23.8 15.7 8.4 5.4 436.3
1982 | 1370 | 217 | 125 134 159 172 2.2 8.8 2.7 2.4 2.3 2.6 16.2 63.6 22.6 12.0 114 6.6 4.2 3.0 360.2
1983 | 1400 [ 2.08 | 10.8 144 152 182 2.1 10.1 2.5 2.3 2.2 2.3 14.1 417 17.9 15.1 12.1 8.6 6.5 4.1 312.1
1984 | 684 | 1.76 | 104 136 165 177 1.8 7.7 2.9 1.9 1.9 2.4 16.6 423 21.6 13.4 9.2 6.0 3.4 2.7 300.3
1985 | 131.0 [ 1.80 | 14.3 134 156 176 1.8 13.2 2.2 2.0 2.2 2.2 224 63.8 28.9 18.3 143 8.5 3.6 2.6 413.1
1986 | 113.0 [ 213 | 11.8 133 159 186 2.1 8.2 2.6 2.5 2.3 2.2 114 46.4 23,5 23.6 12.2 6.7 4.6 3.3 341.1
1987 | 907 | 2.10 | 115 139 151 180 2.1 10.8 2.7 2.4 2.1 2.2 17.8 442 17.2 13.8 125 12.2 6.8 4.5 334.2
1988 | 940 [ 206 | 17.2 122 134 173 2.1 10.0 3.1 2.3 2.1 4.4 46.8 58.1 275 20.8 20.3 10.6 6.1 4.0 499.1
1989 | 452 | 188 | 9.0 117 176 172 1.9 7.5 2.9 2.3 1.9 4.4 24.8 25.5 13.1 9.8 8.3 6.5 4.5 3.5 260.2
1990 | 1180 | 2.18 | 15.6 133 152 180 2.2 14.1 2.9 2.5 2.2 4.1 32.2 515 18.8 26.6 25.9 117 4.6 3.2 450.1
1991 | 608 | 145 | 12.6 119 217 193 2.6 13.7 2.8 2.6 2.6 4.0 26.1 29.4 19.1 30.0 19.2 9.9 2.1 2.2 363.4
1992 | 1760 | 148 | 174 143 165 178 15 9.4 17 17 2.3 3.9 21.0 82.3 35.1 275 18.4 7.1 4.7 3.4 504.8
1993 | 1180 [ 222 | 149 118 148 167 2.2 12.4 2.6 2.5 2.3 4.7 40.7 52.8 21.8 14.0 15.3 111 6.6 3.8 431.0
1994 | 653 | 2.17 | 130 117 164 184 2.2 14.2 2.7 2.3 2.2 4.7 215 423 26.2 15.8 18.2 9.7 6.1 3.4 375.2
1995 | 1030 [ 1.70 | 15.0 109 162 172 17 12.6 2.1 17 18 10.0 37.2 475 21.9 16.6 20.5 13.2 4.2 2.9 434.7
1996 | 363 | 248 | 80 140 149 184 2.6 9.7 2.7 2.7 2.7 3.3 12.1 24.4 126 111 125 5.6 4.0 3.1 2335
1997 | 1260 | 147 | 12,6 122 161 173 15 11.0 2.6 2.2 18 2.6 28.0 46.0 17.9 20.4 155 5.4 4.7 35 363.6
1998 - 186 [ -- 111 112 188 2.4 11.1 2.9 2.6 2.5 - - - - - - 6.9 3.7 25 NA
1999 | 848 | 151 | 109 128 162 176 15 11.6 17 15 16 2.5 16.0 46.8 143 15.9 13.2 8.8 5.1 3.7 316.4
2000 | 122.0 | 2.01 | 186 126 163 179 2.0 9.8 2.9 2.4 2.0 2.6 23.0 87.8 46.5 25.1 125 95 5.6 3.4 539.5
2001 | 115.0 | 2.45 | 138 136 166 180 25 10.8 2.9 2.7 2.5 2.6 107 64.2 32.4 18.6 143 7.1 4.3 3.4 399.7
2002 | 655 | 252 | 138 129 162 196 25 15.6 2.9 2.8 2.7 2.7 22.8 38.9 19.8 27.0 21.9 115 7.1 5.1 399.7
2003 | 88.6 | 2.06 | 14.0 143 159 191 2.1 14.8 3.6 2.7 2.2 3.7 15.7 477 26.4 173 24.7 12.9 6.9 4.4 405.7
2004 | 111.0 | 254 | 108 122 147 162 2.6 5.8 3.7 3.3 2.9 2.6 34.7 38.2 123 106 7.0 55 4.7 3.4 311.9
2005 | 80.7 | 2.06 | 143 116 136 164 2.1 11.6 35 2.9 2.4 5.3 49.3 39.6 176 14.4 15.2 12.4 5.0 3.3 414.0
2006 | 84.9 | 1.84 | 122 129 167 179 1.8 11.7 3.0 2.8 2.1 2.2 21.3 46.3 18.8 13.4 15.3 117 5.7 4.0 353.9
2007 | 86.8 | 223 | 10.0 122 157 167 2.2 10.5 3.3 2.9 2.4 3.5 23.6 31.8 13.6 12.0 12.8 7.8 3.2 2.4 2885
2008 | 78.8 | 2.17 | 13.0 128 190 209 2.2 13.7 2.3 2.5 2.4 3.9 16.9 17.4 37.6 27.7 17.0 145 8.2 4.5 376.3
2009 | 52.0 | 1.97 | 111 118 157 185 2.0 6.6 2.8 2.5 2.1 3.5 25.9 28.2 106 126 25.5 10.8 4.9 4.0 321.9
2010 | 524 | 255 | 114 135 150 184 2.6 8.8 2.9 2.6 2.6 4.2 225 31.2 24.7 18.6 133 5.8 4.1 3.4 3285
2011 | 934 | 251 | 129 137 143 187 25 12.0 2.7 2.6 2.6 2.5 311 30.4 28.4 20.0 16.9 7.8 4.7 3.9 372.4
2012 | 974 | 217 | 120 139 160 179 2.2 10.8 2.9 2.4 2.2 45 18.7 44.9 224 15.8 12.2 8.9 5.6 3.6 348.0
2013 | 1480 | 177 | 131 136 153 174 1.8 111 2.7 2.3 2.0 18 26.1 51.8 15.7 135 19.7 113 6.0 4.4 380.3
2014 | 656 | 1.83 | 122 122 177 205 1.9 12.4 3.3 2.6 2.2 3.4 15.4 28.4 24.7 28.7 175 9.4 6.2 3.7 352.6

*All values inm /s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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Appendix E: Regional Hydrometric Data E-9
Coffee Gold: Hydro-meteorology Baseline Report
09EBO003 - Indian River above the Mouth

YEAR | MAX [ MIN | AVG F;E/;EET '\3%5 D(';\;F 7(/;:‘/|TN J;Jg’\'/lslip JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC :gxgﬁ;
1982 | 799 [ 0.1 4.8 134 141 160 0.0 2.3 0.0 0.0 0.0 0.0 22.9 21.8 45 3.2 2.7 16 0.5 0.1 68.7
1983 | 711 [ 0.1 5.4 116 119 150 0.0 35 0.0 0.0 0.0 7.3 25.7 9.4 5.9 7.9 5.7 1.9 0.5 0.1 773
1984 - 0.00 - 127 128 143 0.0 2.3 0.0 0.0 0.0 17 - - 8.3 4.0 6.1 17 0.4 0.0 NA
1985 | 102.0 [ 0.00 8.6 135 142 167 0.0 5.9 0.0 0.0 0.0 0.0 335 26.3 11.8 15.3 9.7 5.6 0.4 0.0 123.0
1986 | 539 [ 0.00 3.2 135 148 160 0.0 1.8 0.0 0.0 0.0 0.0 13.6 11.7 4.6 45 3.0 0.4 0.0 0.0 45.4
1987 | 512 [ 0.00 6.0 127 142 164 0.0 2.8 0.0 0.0 0.0 0.0 27.6 12.9 9.8 7.5 5.7 5.3 13 0.7 85.1
1988 | 106.0 [ 0.02 7.5 114 136 150 0.0 4.3 0.1 0.0 0.0 6.0 40.7 11.2 9.1 8.5 9.1 3.6 0.4 0.1 106.8
1989 | 469 [ 0.00 3.9 107 130 138 0.0 1.2 0.0 0.0 0.0 6.2 21.9 8.8 2.4 2.7 2.5 18 0.3 0.1 55.8
1990 | 72.0 [ 0.00 6.0 111 124 139 0.0 15 0.1 0.0 0.0 10.3 30.2 8.9 3.4 6.9 9.6 15 0.2 0.0 85.1
1991 | 130.0 [ 0.00 7.9 119 217 217 0.0 3.2 0.0 0.0 0.0 0.8 27.6 9.2 6.9 24.7 16.5 6.3 2.0 0.6 113.4
1992 | 1230 [ 0.37 9.2 123 148 153 0.3 4.7 0.6 0.5 0.7 15 49.2 23.7 11.7 9.0 7.9 3.1 0.9 0.5 131.1
1993 | 580 [ 0.27 7.0 109 135 149 0.3 2.6 0.3 0.3 0.3 6.8 35.4 11.9 5.5 4.2 8.8 5.7 3.2 1.2 100.2
1994 - 0.05 - 120 121 136 0.0 2.2 0.4 0.1 0.1 25 - 10.8 13.7 3.0 4.3 2.8 0.5 0.2 NA
1995 | 784 | 0.02 5.7 114 135 160 0.0 3.9 0.1 0.0 0.1 5.4 24.2 8.5 8.4 7.7 7.0 4.9 1.0 0.2 80.9
1996 | 59.8 [ 0.00 3.7 115 164 165 0.0 2.0 0.0 0.0 0.0 3.2 12.6 12.8 75 2.4 3.4 16 0.6 0.1 52.8
1997 | 580 [ 0.01 5.1 122 165 166 0.0 2.6 0.0 0.0 0.0 0.0 18.1 17.9 5.1 10.0 4.9 2.1 17 0.7 72.4
1998 | 402 [ 0.1 3.4 106 129 143 0.0 1.2 0.2 0.1 0.1 4.2 17.9 11.0 2.4 15 1.9 0.8 0.3 0.0 48.4
1999 | 39.7 [ 0.00 3.6 130 142 170 0.0 1.8 0.0 0.0 0.0 0.0 14.2 10.9 35 5.6 5.8 2.6 0.3 0.1 51.4
2000 | 89.1 [ 0.1 9.5 119 130 174 0.0 75 0.0 0.0 0.0 18 42.0 16.8 18.1 10.5 14.0 5.4 2.4 16 135.2
2001 | 1100 [ 0.14 8.1 131 138 164 0.5 3.9 1.2 0.9 0.7 0.6 32.5 18.1 12.0 13.0 11.9 4.4 1.0 0.3 115.8
2002 | 894 [ 0.02 7.7 124 163 175 0.0 3.7 0.1 0.0 0.0 0.1 25.3 21.8 7.7 17.1 11.2 5.0 2.6 1.1 110.3
2003 | 544 [ 0.29 5.4 112 146 166 0.3 2.7 0.7 0.4 0.3 3.3 22.7 7.0 10.0 4.0 5.9 6.3 2.9 1.1 773
2004 | 837 [ 0.26 5.8 121 129 150 0.4 2.3 0.6 0.4 0.4 0.8 33.6 6.7 4.8 8.2 4.7 7.2 13 0.4 83.2
2005 | 146.0 | 0.06 | 106 114 119 184 0.1 5.2 0.2 0.1 0.1 13.9 33.3 15.3 13.3 16.7 20.0 9.5 2.9 1.2 151.4
2006 | 124.0 [ 0.00 7.0 129 136 152 0.0 5.0 0.5 0.1 0.0 0.0 40.3 12,5 8.1 7.7 9.3 4.2 0.3 0.0 99.7
2007 | 642 [ 0.00 6.2 113 125 148 0.0 3.0 0.0 0.0 0.0 7.9 30.9 6.6 6.1 4.7 12.6 3.6 1.2 0.4 88.4
2008 | 56.1 [ 0.03 6.4 120 190 204 0.0 3.4 0.2 0.1 0.0 1.1 20.2 4.4 17.8 13.1 9.9 5.9 3.0 0.5 91.4
2009 | 190.0 [ 0.01 6.6 115 124 131 0.0 11 0.1 0.0 0.0 4.0 44.5 9.9 25 2.4 9.3 3.1 16 0.6 93.7
2010 | 46.0 [ 0.03 5.0 114 120 204 0.0 4.4 0.1 0.0 0.0 5.1 115 7.4 9.5 11.2 10.2 2.8 15 0.5 71.7
2011 | 657 [ 0.04 9.4 114 140 178 0.0 7.2 0.2 0.1 0.1 5.2 37.4 19.3 16.1 15.8 10.8 4.1 1.9 0.9 134.3
2012 | 755 [ 0.29 8.0 107 114 143 0.3 5.1 0.4 0.3 0.4 23.5 29.6 11.9 9.2 5.9 6.2 5.2 2.8 0.7 114.7
2013 - 0.28 - 225 226 244 0.3 3.9 0.3 0.3 0.3 0.7 68.1 16.6 8.3 - - 8.2 18 0.8 NA
2014 | 716 [ 017 7.5 110 123 173 0.2 4.8 0.6 0.4 0.2 13.6 26.1 8.6 8.2 9.6 8.8 9.4 2.6 1.1 107.1

*All values inm3/s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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Appendix E: Regional Hydrometric Data E-10
Coffee Gold: Hydro-meteorology Baseline Report
09EBO004 - Sixty Mile River near the Mouth
YEAR | MAX | MIN | AVG F;TE:EET '\gﬁ)T(S DCA’\;F 781\N/|TN J;g\’ﬂslip JAN FEB | MAR | APR | MAY | JUN JuL | AUG SEP OCT | Nov | DEC :LT,L\‘(;J,:A;
1996 | 975 | 0.03 | 52 111 162 163 0.0 2.4 0.0 0.0 0.0 4.8 17.6 20.0 10.4 3.7 3.5 12 0.4 0.0 53.3
1997 | 386.0 | 0.03 | 19.0 125 161 166 0.0 4.9 0.0 0.0 0.0 0.2 50.0 85.0 29.6 34.3 17.0 6.1 3.3 18 196.1
1998 | 1250 | 075 | 113 117 143 155 0.8 4.5 11 0.8 0.9 5.2 56.4 27.8 6.3 7.6 14.1 5.6 5.9 2.8 116.3
1999 | 106.0 | 0.00 | 12.0 129 146 205 0.0 6.0 0.5 0.0 0.0 0.0 38.0 25.0 125 20.8 255 107 7.0 2.6 1233
2000 | 2100 | 038 [ 205 122 145 167 0.4 13.4 0.9 05 0.4 25 78.9 79.4 22.6 22.2 23.8 8.6 3.9 25 2123
2001 | 262.0 | 1.08 [ 234 126 206 189 11 9.8 18 13 11 19 74.4 53.0 62.8 317 34.6 9.2 4.6 2.4 241.2
2002 | 167.0 | 063 [ 162 127 162 207 0.6 7.9 14 0.9 0.7 0.7 54.1 28.2 22.8 39.7 26.1 9.3 5.4 3.1 166.6
2003 | 835 | 120 [ 88 113 145 158 12 3.1 19 1.4 1.2 5.0 37.2 21.3 114 3.9 9.2 6.7 4.1 2.2 91.1
2004 | 2350 | 033 [ 138 121 147 145 0.8 35 12 0.8 11 3.0 98.0 14.6 11.7 13.2 9.1 8.0 23 0.6 1423
2005 | 200.0 | 0.06 [ 153 112 119 146 0.1 8.4 0.3 0.1 0.1 34.5 63.2 185 18.2 122 21.7 9.7 3.1 15 158.1
2006 | 203.0 | 0.04 [ 156 122 137 148 0.1 6.8 0.9 05 0.1 0.5 95.6 26.4 14.9 21.8 16.0 8.0 0.9 0.1 161.2
2007 | 953 | 000 [ 116 114 159 160 0.0 5.4 0.0 0.0 0.0 8.2 51.0 187 16.2 1238 22.9 5.6 23 11 120.0
2008 | 1540 | 014 | 177 117 203 198 0.1 10.8 0.5 0.2 0.2 6.7 55.7 16.3 58.5 37.2 18.9 9.2 5.0 16 182.4
2009 | 1850 | 0.16 [ 132 113 124 153 0.2 3.8 0.5 0.3 0.2 10.0 65.6 29.3 5.9 7.8 278 6.2 2.4 16 135.9
2010 | 2110 | 040 [ 214 114 205 204 0.4 13.4 0.8 05 0.4 193 41.6 39.4 48.9 52.7 37.8 7.3 5.0 19 2208
2011 | 149.0 | 028 [ 194 118 140 183 0.3 13.6 0.7 0.4 0.3 5.2 55.9 51.1 49.0 36.7 21.2 7.2 2.6 12 200.4
2012 | 139.0 | 036 | 167 108 146 169 0.4 10.7 0.8 0.6 0.4 211 57.7 30.8 39.7 16.6 13.8 12.0 4.1 2.1 1728
2013 | 329.0 | 040 [ 177 129 147 150 0.4 4.6 0.8 0.4 0.4 0.4 1117 | 496 14.1 8.8 16.9 8.3 1.9 0.9 185.5
*All values in m* /s, except Start Freshet, Max Q Date and Date CM - in Julian Days, and Annual Runoff - in mm.
! Date of centre of hydrograph mass (Stewart et al., 2001)
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CoFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT E2-1
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Figure E.2-1: Period of record discharge data for Yukon River above White River

(1956-present) and Stewart River at the Mouth (1951-2016). Period of
record discharges are reported at daily time step for the following
statistics: Mimimum discharge; Average discharge; and Maximum
discharge.

A362-3

LoORAX
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CoFFEE GOLD: HYDRO-METEOROLOGY BASELINE REPORT E2-2
Yukon River above White River - 2011 and 2012
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Figure E2.2: Stage- and corresponding discharge measurements for the Yukon

River above White River. Two years of stage data (2011 and 2012) have

been published for this hydrometric station.
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APPENDIX E.2. SUMMARY PLOTS FOR YUKON AND STEWART RIVERS
CoFrFee GOLD: HYDRO-METEOROLOGY BASELINE REPORT
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Figure E2.3: Annual stage record for the Stewart River at the Mouth. Four years of stage data (2011 through 2014) have been
published for this hydrometric station. In each plot, the green line indicates period of record maximum stage, the
blue line indicates period of record minimum stage, whereas the red line indicates measured stage for a given year.
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