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1.0 INTRODUCTION 

The following is provided to address trends in recorded high and low streamflows and potential climate change 
effects on high flows at the Prairie Creek Mine. 

The following topics are addressed: 

 Use of regional streamflow analysis

 Trend analysis of regional annual maximum daily flows (updated from 2010) and annual low flows

 Climate change model predictions for future annual maximum short duration precipitation

Figure 1 provides a Google Earth view of the project vicinity to provide visual context of the project setting. The 
extents are set to include the nearest two Environment Canada climate stations in the project vicinity for which 
historical precipitation data and Intensity-Frequency-Duration (IDF) are available. It also shows the basins for Water 
Survey of Canada (WSC) streamflow stations used in the regional analysis which fall within the climate station 
extents. 
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Figure 1: Climate Stations and Regional Watersheds 
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2.0 REGIONAL STREAMFLOW ANALYSIS  

Design flow area-discharge equations were determined from frequency analysis results for four regional Water of 
Survey (WSC) stations with more than 10 years of data. The three smallest watersheds are shown on Figure 1. A 
fragment of the watershed boundary for the fourth and largest watershed, the Liard River at Fort Liard 
(WSC 10ED001), is shown but not labelled. All regional WSC stations have watersheds that originate in well-drained 
mountainous terrain. The Prairie Creek station is of particular importance because it is located at the mine site and 
has the smallest watershed (495 km2) of the regional stations. 

Previously-developed regional analysis equations are listed below for reference. Discharges (Q) are in m3/s with 
the Q subscript indicating return period in years; areas are drainage basins in km2. 

Q2 = 0.2114 x (Area) 0.9112 

Q10 = 0.6033 x (Area) 0.8391 

Q100 = 1.7883 x (Area) 0.7523 

The regional analysis area-discharge equations are expected to provide design discharges estimates that are 
reasonably accurate for the watersheds with well-drained mountain terrain.  

3.0 TREND ANALYSIS OF ANNUAL MAX AND MIN DAILY FLOWS 

A trend analysis of maximum annual daily discharges for the WSC regional stations was included in a letter report 
dated October 25, 2010 for Canadian Zinc, using WSC data then available through 2009. The trend analysis was 
prepared as a time series plot of normalized annual daily flows, computed by dividing each maximum daily flow 
value by the average of the maximum values for 1975 to 1990. The normalization period corresponds to the period 
of record for the Prairie Creek gauge, and the same period was used for normalized of the other stations. 

Figure 2 presents an updated version of the trend analysis figure including the additional nine years of data now 
available through 2008. The additional WSC annual maximum data for Prairie Creek since 1990 is limited to only 
two uneventful (low flow) years: 2013 and 2015. Peak flow estimates are not available for high flow events on Prairie 
Creek which occurred in 2006 and 2007. Figure 3 shows the 10-year means of the normalized annual maximum 
day data on Figure 2. 
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Figure 2: Normalized Maximum Annual Daily Flows 

Figure 3: 10-Year Means of Normalized Maximum Annual Daily Flows 



PRAIRIE CREEK MINE FLOW TRENDS AND CLIMATE CHANGE 

FILE: 704-ENG.WTRI03059-01 | JULY 29, 2021 | ISSUED FOR USE 

5 

20210729 Flow Trends and Climate Change for Prairie Creek Mine IFU.docx 

There are no obvious trends in the normalized maximum daily flow data for the South Nahanni or Liard River 
regional stations, and the Prairie Creek record is too short to assess. A possible trend is visible for the Flat River 
station over the last 30 years, but this is not conclusive because the final 10-year mean (ending in 2006) is lower 
than the starting 10-year mean (for the period ending in 1980). The Flat River gauge continues to be operated by 
WSC, but a maximum daily flow value is not available for 2017 due to missing data in May 2017 when the peak 
sometimes occurs, and data for subsequent years are not yet published. 

Figure 4 shows the annual minimum daily flows for the same regional stations, normalized by converting to an 
equivalent depth of runoff over the respective basin areas. The regional record of low flows is shorter than for high 
flows because winter flow data were not collected at these gauges prior to 1960.  Because the shorter record yields 
a less crowded plot, Figure 4 also includes the 10-year mean minimum daily runoff depths for each station. 

Figure 4: Minimum Annual Daily Runoff Depths including 10-year Means 

There appears to be a rising trend in the minimum runoff depths for the three smaller basins: Prairie Creek, Flat 
River, and South Nahanni River. The Liard River does not show any obvious long-term trend, either rising or falling. 

Figure 5 shows Prairie Creek annual mean flows for two winter periods: (1) November to April typically with ice 
cover conditions and (2) January to March when the lowest flows occur. The magnitude and variability in stream 
flows is important to mine water management and any trends in low flow conditions are of particular interest. 
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Figure 5: Prairie Creek Mean Winter Flows 

The mean winter flows appear to have a generally rising trend over the past 30 years, consistent with the trends in 
the annual minimum flows. None of the low flow data, for Prairie Creek or the other regional stations, show any 
evidence of a long-term trend of declining annual minimum or mean winter flows over time. 

4.0 CLIMATE CHANGE MODEL PRECIPITATION PREDICTIONS 

Climate change model predictions for future precipitation trends were assessed using three online climate change 
data analysis tools introduced below. 

 University of Victoria Pacific Climate Impacts Consortium (PCIC) Climate Explorer which allows individual
selection of results from a dozen bias-corrected Global Circulation Models (GCMs), three greenhouse-gas
scenarios and many variables including but not limited to up-to-50-year annual maximum one day precipitation.
Explorer outputs are for pre-defined 30-year periods: historic 1961-1990, 1971-2000 and 1981-2010, and future
2010-2039, 2040-2069, and 2070-2099.

 University of Winnipeg Prairie Climate Centre Climate Atlas of Canada which provides individual and ensemble
results from GCMs mostly obtained from the PCIC, two (RCP 4.5 and 8.5) greenhouse gas scenarios, and
many variables which however do not include return period amounts (such as 50-year or 100-year precipitation).
Atlas outputs are for three pre-defined 30-year periods, 1976-2005. 2021-2050 and 2051-2080.

 Western University (formerly University of Western Ontario) Department of Civil and Environmental
Engineering and Institute for Catastrophic Loss Reduction IDF Climate Change (IDF_CC) Tool Version 4.5. The
IDF_CC tool provides individual and ensemble IDF results from a choice of either raw or PCIC bias-corrected
GCMs for user-specified periods within an available range from 2006 to 2100. The tool also provides IDF data
for historical conditions, based on historic recorded data at Environment Canada climate stations, and
interpolated to estimate historic IDF characteristics for ungauged locations. IDF_CC outputs include
computed and fitted equation results for durations of 5 minutes through 1440 minutes (24-hour) for return
periods of 2 through 100 years.
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The climate model outputs most applicable to the question of peak flows are the IDF results from the Western 
University IDF_CC tool. The tool was run to extract IDF results for the two bounding EC climate stations at 
Fort Simpson and Tungsten, and ungauged locations at the ASR endpoints and approximate midpoint. 

Table 1 summarizes the IDF_CC 24-hour rainfall amounts for 2-year and 100-year return periods for the historical 
conditions and three RCP scenarios using an ensemble of PCIC bias-corrected GCMs for a 30-year simulation 
period from 2021 to 2050 which covers the ASR’s planned operational life. 

Table 1: Max 24-hour Historical and Simulated 2021-2050 Rain, for 2 and 100-year Return Periods 

Scenario/Location 
Fort Simpson 

Climate Station 
ASR at Hwy 7 ASR Midpoint 

Prairie Creek 
Mine 

Tungsten 
Climate Station 

2-year return period mm mm mm mm mm 

RCP 2.6; 2-year 38.20 36.52 40.13 33.73 27.28

RCP 4.5; 2-year 37.71 38.30 39.21 33.00 27.57

RCP 8.5; 2-year 39.05 39.72 41.11 35.28 28.65

Historical; 2-year 34.24 35.29 36.38 30.94 25.83

100-year return period mm mm mm mm mm 

RCP 2.6; 100-year 81.70 104.94 99.00 71.01 51.00

RCP 4.5; 100-year 89.22 105.49 100.47 78.42 53.03

RCP 8.5; 100-year 91.78 103.56 94.83 68.02 50.71

Historical; 100-year 82.10 87.11 84.3 61.83 43.67

Change from Historical 

2-year return period % % % % % 

RCP 2.6; 2-year 11.6% 3.5% 10.3% 9.0% 5.6%

RCP 4.5; 2-year 10.1% 8.5% 7.8% 6.7% 6.7%

RCP 8.5; 2-year 14.0% 12.6% 13.0% 14.0% 10.9%

Historical; 2-year - - - - -

100-year return period % % % % % 

RCP 2.6; 100-year -0.5% 20.5% 17.4% 14.8% 16.8%

RCP 4.5; 100-year 8.7% 21.1% 19.2% 26.8% 21.4%

RCP 8.5; 100-year 11.8% 18.9% 12.5% 10.0% 16.1%

Historical; 100-year - - - - -

There are several factors to consider when interpreting these results. 

First, the historical values are based on actual recorded data whereas the climate change scenarios are based on 
downscaled GCM simulation results. This does not provide a valid comparison. It would be better if the historic 
period values used as the basis for comparison were also computed by the GCMs but simulation results for the 
historic calibration period are not available from the IDF_CC tool. It is unexpected (and a cautionary flag) that a 
majority of results (six of ten total) from the low carbon RCP 2.6 scenario for the near-future 2021-2050 period are 
showing 24-hour rain amounts that are more than 10% greater than historical, and that the higher carbon scenarios 
have minor or even negative incremental impacts. 
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Second, the historical data for the region relies in part on only 10 years of recorded data from the Tungsten Climate 
station. Frequency quantiles computed from such a short period of record have relatively wide confidence bands 
(which equate to low accuracy) especially for the 100-year return period. The precipitation frequency quantiles for 
the Fort Simpson Climate Station with 42 years of recorded data are more reliable. 

Third, the basis for interpolation of historic precipitation between the Fort Simpson and Tungsten climate stations 
was made without the benefit of recorded data and the predicted variability between these stations is therefore 
speculative. The recorded data for the two climate stations reveal a complex relationship. Maximum annual 24 hour 
amounts shown in Table 1 are considerably higher at Fort Simpson than at Tungsten. In contrast, the annual total 
precipitation has the opposite pattern with annual amounts being considerably higher at Tungsten than at 
Fort Simpson.  

Finally, the 100-year results from Table 1 for locations proximal to the Mine consistently show 24-hour precipitation 
amounts for the low carbon RCP 2.6 scenario that are higher than for the high carbon 8.5 scenario. If the impacts 
under the RCP 2.6 scenario are too high because of mis-matched data types and short periods of historical data 
discussed above, the climate change incremental impacts on 24-hour precipitation amounts become very small. 

Considering the above, the IDF_CC predictions for climate change impacts on maximum daily precipitation at the 
Mine should be interpreted with caution and may be too high. 

5.0 IMPLICATIONS OF A 10% INCREASE IN 100-YEAR DISCHARGES 

The implications of uncertainty in design flows were assessed assuming that 100-year design discharges are 
increased by 10%, not specifically linked to climate change. Implications were assessed in terms of the revised 
probability of occurrence. 

The 100-year flow for Prairie Creek at Cadillac Mine is presently estimated to be 190 m3/s. If the frequency curve 
was shifted to have a 100-year flow 10% higher, of 209 m3/s, the present estimate would have an altered 
return period of about 1 in 60 years. The likelihood of at least a 190 m3/s flow occurring in any given year would 
increase from a 1% (1 in 100) probability to a 1.7% (1 in 60) probability. The likelihood of a 1.7% probability event 
occurring over the Mine’s 20 year service life is less than the likelihood of the 1% probability event occurring over 
50- to 100-year design life for permanent public roads. In this context, a 10% flow adjustment is meeting a higher
design standard, assessed by the accumulated risk over the project life, than typically required for public roads.

6.0 SUMMARY 

The regional analysis method used to estimate design flows relies greatly on recorded flows for Prairie Creek at 
Cadillac Mine, which has the smallest basin size. The regional equations are expected to provide design discharge 
estimates that are reasonably accurate for well-drained mountain terrain.  

A trend analysis of annual maximum daily flows previously prepared in 2010 was updated to include current data. 
Two of the three regional stations do not show any apparent long-term trends. The third station, Flat River near the 
Mouth shows an apparent rising trend over the last 30 years but is inconclusive because the most recent data 
suggests a falling trend and the final data point (for 10 years ending in 2006) is below the first two data 
points (10 year periods ending in 1981 and 1982). 
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None of the recorded low flow data, for Prairie Creek or the other regional stations, show any evidence of a long-term 
trend of declining annual minimum or mean winter flows over time. Most stations exhibit a rising trend for low flows 
over the past 30 years. 

The Environment Canada climate stations closest to the Mine are at Tungsten, located in mountainous terrain about 
200 km west of the Prairie Creek Mine, and at Fort Simpson, located in flat terrain about 200 km east of the Prairie 
Creek Mine. Periods of precipitation record vary from 10 years for Tungsten to 42 years at Fort Simpson. The 
recorded data for the two climate stations reveal a complex relationship. Maximum annual 24 hour amounts are 
considerably higher at Fort Simpson than at Tungsten. In contrast, the annual total precipitation has the opposite 
pattern with annual amounts being considerably higher at Tungsten. The short period of record for Tungsten will 
result in computed precipitation frequency quantiles with relatively low accuracy, especially for estimates of low 
probability events such as the 100-year 24-hour rainfall depth. 

Estimates of future precipitation frequency quantiles at the Mine, based on ensemble results from climate change 
GCM simulations for the 2021-2050 period, for multiple greenhouse gas scenarios, were obtained from the Western 
University’s IDF_CC tool. For a 24-hour duration, the tool predicts future 100-year precipitation amounts that are 
up to 20.5% greater than historic conditions for a low-carbon RCP 2.6 scenario, and then decrease to 18.9% greater 
than historic for a high-carbon RCP 8.5 scenario. These changes relative to historic conditions are subject to 
considerable error because the historic baseline amounts reported by the tool are based on recorded precipitation, 
not GCM simulations. It is possible that the 20.5% increase for a future low-carbon scenario is due largely to the 
combination of imperfect GCM calibration to historic conditions plus low-accuracy estimates of 100-year frequency 
amounts from a 10-year historic data set for the Tungsten climate station. When it is considered that the incremental 
impacts to higher-carbon scenarios (which compare GCM results to GCM results) are minor to negative, the 
IDF_CC predicted climate change impacts on maximum daily precipitation relative to historic conditions should be 
interpreted with caution and may be too high. 
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7.0 LIMITATIONS OF REPORT 

This report and its contents are intended for the sole use of NorZinc Ltd. and their agents. Tetra Tech Canada Inc. 
(Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the 
recommendations contained or referenced in the report when the report is used or relied upon by any Party other 
than NorZinc Ltd., or for any Project other than the proposed development at the subject site. Any such unauthorized 
use of this report is at the sole risk of the user. Use of this document is subject to the Limitations on the Use of this 
Document attached in Appendix A or Contractual Terms and Conditions executed by both parties. 
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HYDROTECHNICAL 
 
1.1 USE OF DOCUMENT AND OWNERSHIP 

This document pertains to a specific site, a specific development, and 
a specific scope of work. The document may include plans, drawings, 
profiles and other supporting documents that collectively constitute the 
document (the “Professional Document”). 
The Professional Document is intended for the sole use of TETRA 
TECH’s Client (the “Client”) as specifically identified in the TETRA 
TECH Services Agreement or other Contractual Agreement entered 
into with the Client (either of which is termed the “Contract” herein). 
TETRA TECH does not accept any responsibility for the accuracy of 
any of the data, analyses, recommendations or other contents of the 
Professional Document when it is used or relied upon by any party 
other than the Client, unless authorized in writing by TETRA TECH.  
Any unauthorized use of the Professional Document is at the sole risk 
of the user. TETRA TECH accepts no responsibility whatsoever for any 
loss or damage where such loss or damage is alleged to be or, is in 
fact, caused by the unauthorized use of the Professional Document. 
Where TETRA TECH has expressly authorized the use of the 
Professional Document by a third party (an “Authorized Party”), 
consideration for such authorization is the Authorized Party’s 
acceptance of these Limitations on Use of this Document as well as 
any limitations on liability contained in the Contract with the Client (all 
of which is collectively termed the “Limitations on Liability”). The 
Authorized Party should carefully review both these Limitations on Use 
of this Document and the Contract prior to making any use of the 
Professional Document. Any use made of the Professional Document 
by an Authorized Party constitutes the Authorized Party’s express 
acceptance of, and agreement to, the Limitations on Liability. 
The Professional Document and any other form or type of data or 
documents generated by TETRA TECH during the performance of the 
work are TETRA TECH’s professional work product and shall remain 
the copyright property of TETRA TECH. 
The Professional Document is subject to copyright and shall not be 
reproduced either wholly or in part without the prior, written permission 
of TETRA TECH. Additional copies of the Document, if required, may 
be obtained upon request. 
1.2 ALTERNATIVE DOCUMENT FORMAT 

Where TETRA TECH submits electronic file and/or hard copy versions 
of the Professional Document or any drawings or other project-related 
documents and deliverables (collectively termed TETRA TECH’s 
“Instruments of Professional Service”), only the signed and/or sealed 
versions shall be considered final. The original signed and/or sealed 
electronic file and/or hard copy version archived by TETRA TECH shall 
be deemed to be the original. TETRA TECH will archive a protected 
digital copy of the original signed and/or sealed version for a period of 
10 years. 
Both electronic file and/or hard copy versions of TETRA TECH’s 
Instruments of Professional Service shall not, under any 
circumstances, be altered by any party except TETRA TECH. TETRA 
TECH’s Instruments of Professional Service will be used only and 
exactly as submitted by TETRA TECH. 
Electronic files submitted by TETRA TECH have been prepared and 
submitted using specific software and hardware systems. TETRA 
TECH makes no representation about the compatibility of these files 
with the Client’s current or future software and hardware systems. 

1.3 STANDARD OF CARE 

Services performed by TETRA TECH for the Professional Document 
have been conducted in accordance with the Contract, in a manner 
consistent with the level of skill ordinarily exercised by members of the 
profession currently practicing under similar conditions in the 
jurisdiction in which the services are provided. Professional judgment 
has been applied in developing the conclusions and/or 
recommendations provided in this Professional Document. No warranty 
or guarantee, express or implied, is made concerning the test results, 
comments, recommendations, or any other portion of the Professional 
Document. 
If any error or omission is detected by the Client or an Authorized Party, 
the error or omission must be immediately brought to the attention of 
TETRA TECH. 
1.4 DISCLOSURE OF INFORMATION BY CLIENT 

The Client acknowledges that it has fully cooperated with TETRA TECH 
with respect to the provision of all available information on the past, 
present, and proposed conditions on the site, including historical 
information respecting the use of the site. The Client further 
acknowledges that in order for TETRA TECH to properly provide the 
services contracted for in the Contract, TETRA TECH has relied upon 
the Client with respect to both the full disclosure and accuracy of any 
such information. 
1.5 INFORMATION PROVIDED TO TETRA TECH BY OTHERS 

During the performance of the work and the preparation of this 
Professional Document, TETRA TECH may have relied on information 
provided by third parties other than the Client. 
While TETRA TECH endeavours to verify the accuracy of such 
information, TETRA TECH accepts no responsibility for the accuracy 
or the reliability of such information even where inaccurate or unreliable 
information impacts any recommendations, design or other 
deliverables and causes the Client or an Authorized Party loss or 
damage. 
1.6 GENERAL LIMITATIONS OF DOCUMENT 

This Professional Document is based solely on the conditions 
presented and the data available to TETRA TECH at the time the data 
were collected in the field or gathered from available databases. 
The Client, and any Authorized Party, acknowledges that the 
Professional Document is based on limited data and that the 
conclusions, opinions, and recommendations contained in the 
Professional Document are the result of the application of professional 
judgment to such limited data.  
The Professional Document is not applicable to any other sites, nor 
should it be relied upon for types of development other than those to 
which it refers. Any variation from the site conditions present, or 
variation in assumed conditions which might form the basis of design 
or recommendations as outlined in this report, at or on the development 
proposed as of the date of the Professional Document requires a 
supplementary exploration, investigation, and assessment. 
TETRA TECH is neither qualified to, nor is it making, any 
recommendations with respect to the purchase, sale, investment or 
development of the property, the decisions on which are the sole 
responsibility of the Client. 
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1.7 ENVIRONMENTAL AND REGULATORY ISSUES 

Unless expressly agreed to in the Services Agreement, TETRA TECH 
was not retained to explore, address or consider, and has not explored, 
addressed or considered any environmental or regulatory issues 
associated with the project. 

1.8 LEVEL OF RISK 

It is incumbent upon the Client and any Authorized Party, to be 
knowledgeable of the level of risk that has been incorporated into the 
project design, in consideration of the level of the hydrotechnical 
information that was reasonably acquired to facilitate completion of the 
design. 
 

 




