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Memorandum CCL-MC6 

 CLEARWATER CONSULTANTS LTD. 1 
4264 196B Street, Langley, British Columbia, Canada V3A 1B1   Phone 604-534-2411 

Date: August 12, 2010      Our File: 087.04 

To: Randall Thompson – General Manager Minto Mine 

From: Clearwater Consultants Ltd. - Peter S. McCreath P.Eng. (pmccreath@shaw.ca) 

Subject: Minto Copper Project – Surface Water Hydrology Conditions - FINAL 

 

1. Introduction 
As part of the information required for permitting a proposed expansion at the Minto Mine site, the 
Access Consulting Group and Minto Explorations Ltd. requested that Clearwater Consultants Ltd. 
prepare a review and update of the surface water hydrology baseline streamflow conditions within the 
Minto Creek watershed.  Conditions have been divided into two distinct time periods:  

 Pre-Mining: prior to the commencement of mining operations in early 2007, and,  

 During Mining: from 2007 to 2009 subsequent to the start of mining operations.   

Estimated baseline site hydrology conditions were previously presented in Clearwater Consultants Ltd. 
Memorandum CCL-MC1 “Site Hydrology Update” dated October 6, 2006, a copy of which is attached 
as Appendix 1.  The streamflow conditions reported therein are applicable to the “Pre-Mining” period. 

The purpose of the present memorandum is to summarize surface water streamflow conditions that have 
been recorded during the mine operating period to date including changes to pre-mining baseline 
conditions due to mining operations and the implementation of a site water management plan.   

2. Available Data 
Streamflow data have been collected sporadically at several locations within Minto Creek since 1993.  
The locations for which the greatest amount of data have been collected are station W1 “Minto Creek 
near the Mouth” (catchment area of 42 km2) and station W3 “Minto Creek downstream of decant pond” 
(10.4 km2 area).  Data consist of numerous spot flow measurements at both stations as well as 
continuous datalogger data for the stations as follows:  

 Station W1: July to October 2005, May 3 to September 24 2007, May 13 to October 21 2008, 
May 7 to September 27, 2009. 

 Station W3: August 21 to November 11 2008, June 4 to October 15, 2009. 

The dataloggers recorded continuous records of water levels at the two stations.  Rating curves relating 
the water level at each station to the discharge of water in the creek were developed using direct 
measurements of flow carried out during the datalogger operational periods.  The rating curves were 
applied to the continuous water level data to produce a continuous record of stream discharge. 

Regional streamflow data were collected for WSC Station 09AH003 “Big Creek near the Mouth” (1750 
km2) for the period of record 1974 to 2009.  Big Creek drains the catchment area immediately south of 
Minto Creek. 

Since the start of mining operations, Minto Explorations Ltd. has monitored the water levels and 
calculated the water storage volumes contained within the Water Storage Pond and within the Main Pit.  
These two facilities provide significant quantities of temporary water storage that were not available 
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within the natural Minto Creek catchment area prior to the start of mining operations.  Records have 
also been kept of the volumes of water released from the property under the terms of emergency 
amendments to the Water License. 

3. Pre-Mining Conditions 
Appendix 1 contains a copy of the previous Clearwater Consultants Ltd. Memorandum CCL-MC1 
presenting estimated baseline hydrology conditions prior to the start of mining operations within the 
Minto Creek catchment area.  The available site area streamflow data up to 2006 for stations W1 and 
W3 and the concurrent data for the WSC station at Big Creek up to 2004 were summarized in Table 
MC1-7.  Table MC1-8 showed the estimated monthly distribution of pre-mining streamflows as a 
percent of mean annual runoff for the two Minto Creek stations and for Big Creek.   

Based on the available data up to 2006 the minimum estimated long-term mean annual runoff (MAR) 
for the Minto Creek catchment was about 75 mm (Table MC1-7).  As noted in Memorandum MC1, 
however,  

“There have been periods when no streamflow has been observed at W1 (the downstream station) at 
times when flows were observed at the upstream station W3.  Infiltration of Minto Creek flows into the 
alluvial materials of the Yukon River floodplain has been postulated as the reason for the observed zero 
flow condition in Minto Creek near the mouth.” 

and, 

“…given the lack of continuous streamflow data, especially the limited data during snowmelt in April 
(Table MC1-5), the actual average MAR for Minto Creek may be closer to 100 mm.”   

and,  

“The long term MAR at Big Creek has been about 143 mm, thus annual runoff in Minto Creek appears 
to be from 50% to 70% of the mean annual runoff in Big Creek.  The difference is due to differing 
catchment characteristics: Big Creek is much larger (1750 km2 v. less than 42 km2) with a much high 
average catchment elevation (1150 m v. 760 m) and experiences a higher total precipitation.” 

It was recommended in that memorandum that for water balance modeling purposes a MAR of 100 mm 
should be used.  Table MC1-9 showed estimated wet and dry year runoff depths for Big Creek and 
Minto Creek for a range of return periods.  Table MC1-8 showed the estimated monthly average 
streamflow distributions for the Minto Creek catchment area. 

4. Conditions since 2006 
The Water Storage Pond began to store runoff water in April 2007. Milling operations commenced in 
May 2007 at a rate of about 700 tpd and have increased to 3200 tpd currently.  Due to low runoff and 
concerns regarding the potential availability of water in storage for future operations, additional 
freshwater was trucked up from the Yukon River and stored in the Water Storage Pond in August and 
September 2007 for use in the exploration program.   

Due to higher runoff volumes and in order to prevent uncontrolled spills of excess water from the Water 
Storage Pond spillway, in both 2008 and 2009 runoff water from the upper portions of the Minto Creek 
catchment was diverted into the Main Pit for temporary storage.  Water was subsequently transferred 
from the Pit and released in a controlled manner from the Water Storage Pond under the terms of 
emergency amendments to the Water License as follows: 
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 Amendment #4 - 350,000 m3 released during August and September 2008 

 Amendments #5 and #6 – a total of 976,400 m3 released from June through October 2009. 

As a result of the temporary storage of water in the Pit and in the Pond and the subsequent release of 
excess water from the system, the streamflow patterns at both stations W1 and W3 on Minto Creek have 
been significantly altered from pre-mining conditions.  Since 2007, spring runoff water has gone into 
temporary storage in either the Pit or the Pond, a lot of that water being subsequently released during 
summer and fall when natural (pre-mining) flows in the creek were lower. 

Streamflow data collected at stations W1 and W3 in 2007, 2008 and 2009 are summarized in 
Appendices 2 and 3.  Tables MC6-1 to MC6-5 show daily and monthly flows.  Figures MC6-1 to MC6-
5 show recorded water levels, directly-measured flows and flows calculated from the datalogger 
installations for the same periods.  Table MC6-6 shows the monthly flows for the 1974 to 2009 period 
of record for Big Creek near the Mouth.  Tables MC6-7, -8 and -9 show and compare all available 
concurrent monthly flows for W1, W3 and Big Creek from 1993 to 2009.  Figures MC6-6 and MC6-7 
show water level and water storage volume variations in the Main Pit and in the Water Storage Pond, 
respectively. 

Based on the Big Creek data in Table MC6-9, the periods from 2007 to 2009 and from 1993 to 2006 are 
comparable to the long-term average conditions recorded at Big Creek.  However, Tables MC6-7 (W1) 
and MC6-8 (W3) indicate that the 2007 to 2009 mining period apparently resulted in higher runoff 
values from Minto Creek (87 mm to 95 mm runoff from April to October) than experienced during the 
pre-mining period (71 mm to 74 mm).   

This apparent trend has one most significant contributory cause: spring runoff flows were not 
completely recorded during the pre-mining period due to the late installation of dataloggers whereas 
since 2007 the spring runoff upstream of station W3 has been temporarily stored in the Pit and/or the 
Water Storage Pond and released (and measured) later in the summer/fall.  Figure MC6-5 shows how 
the monthly distributions of flows at W1 and at W3 have changed from the pre-mining period to the 
period after 2007.  As a result, the flow data recorded since 2007 may in fact be more representative 
(from a total runoff perspective) of natural conditions within the Minto Creek catchment than data 
recorded prior to 2007. 

There is a likelihood that the increase in cleared areas around the mine (mill site, roads etc.) has also 
contributed to slightly increased runoff volumes from the upper portions of the catchment area.  This 
increase in runoff will have been offset in part by additional losses of water to the milling process, 
tailings and waste rock moisture and wetting, and increased evaporation losses from free water ponded 
in the Water Storage Pond, the Mill Pond, and the Main Pit.  This has been confirmed in part by water 
balance analyses (Clearwater Consultants Ltd. Memorandum CCL-MC5 dated May 21, 2010, “Minto 
Mine - Site Water Balance Update 2010”). 

Overall, the streamflow data collected since 2007 suggest that the mean annual runoff depth from the 
Minto Creek catchment may be in the order of 87 mm to 95 mm per year.  This range is similar to the 
mean annual runoff of 100 mm recommended in the earlier 2006 study for use in water balance 
analyses.  A Minto Creek MAR of 90 mm to 100 mm represents about 65% to 70% of the long-term 
MAR for Big Creek. 

Frequency analyses were carried out on the annual runoff depths for Big Creek over the period 1974 to 
2009.  The results are shown on Table MC6-11.  Based on runoff in Minto Creek representing about 
65% of Big Creek runoff, the Table shows estimated annual runoff depths for Minto Creek for a range 
of return periods. 
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5. Conclusions 
The estimated surface water hydrologic characteristics of the Minto Creek catchment area have been 
updated using the available site and regional data collected since the start of milling operations in 2007.  
The following conclusions are made: 

1) Continuous seasonal streamflow data have been collected on Minto Creek at station W1 since 
2005 and at station W3 since 2008.  Periodic spot flow measurements have been carried out at 
these and other stations since 1993. 

2) Water storage volumes temporarily available in the Main Pit and in the Water Storage Pond 
have changed the monthly distribution of streamflows in Minto Creek since 2007. 

3) Big Creek streamflow data for the period from 2007 to 2009 are comparable to the long-term 
average conditions recorded at Big Creek.   

4) Due to temporary storage of spring runoff water in the Main Pit and the Water Storage Pond, 
recorded runoff volumes in Minto Creek at W1 and W3 may be more representative from a 
total runoff perspective of natural conditions within the Minto Creek catchment than 
streamflow data recorded prior to 2007. 

5) Similar to analyses carried out in 2006, the mean annual runoff in Minto Creek based on data 
up to 2009 may be 90 mm to 100 mm representing about 65% to 70% of the mean annual 
runoff in Big Creek. 

 

 

CLEARWATER CONSULTANTS LTD. 

Peter S. McCreath P.Eng. 
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Memorandum CCL-MC1 

 CLEARWATER CONSULTANTS LTD. 1 
4264 196B Street, Langley, British Columbia, Canada  V3A 1B1   Phone/FAX 604-534-2411 

Date: October 6, 2006      Our File: 087.01 

To: Access Consulting Group - Dan Cornett (dan@accessconsulting.ca) 

From: Clearwater Consultants Ltd. - Peter S. McCreath P.Eng. (pmccreath@shaw.ca) 

Subject: Minto Copper Project – Site Hydrology Update 

 

1. Introduction 
This memorandum presents an update to the Minto Creek area site hydrology using available site and 
regional data.  Previous summaries of the estimated site hydrology were presented in Volume II of the 
IEE by Hallam Knight Piesold (December 1994).  The purpose of the update presented herein is, based 
on the most recent available data, to present revised site hydrological design parameters that will be 
applied to the updated water balance analysis for the Minto Copper Project.  The hydrology update 
includes precipitation, evaporation and streamflow distributions. 

2. Available Data 
The Minto Creek site is located about 240 km north of Whitehorse on the left (west) bank of the Yukon 
River.  The site is about 40 km northwest of the proposed Carmacks Copper project at Williams Creek.  
The creek drains a total catchment area of about 42 km2 at the confluence with the Yukon River.  
Elevations within the catchment range up to about 1000 m with an average catchment elevation of about 
760 m.  Planned mining facilities will be located within the upper reaches of the catchment at elevations 
typically from 850 m to 900 m. 

Limited climate data are available for the Minto Creek site.  A few (partial) months of data were 
collected in 1993 and 1994.  A complete meteorological station was established at the site in September 
2005 and data for the station is available up to mid-July 2006.  The data includes temperatures, solar 
radiation, wind speed and direction, relative humidity, barometric pressure, and rainfall: no winter 
snowfall data have been collected.  Table MC1-1 and Figures MC1-1 to MC1-5 summarize the available 
site data. 

Snow surveys have been carried out by J. Gibson & Associates in 1994, 1995, 1998 and 2006 at three 
locations in the Minto Creek catchment ranging in elevation from 890 m to 980 m. 

Regional data were used in the update from the following stations: 

 Pelly River Ranch at elevation 454 m: temperatures, precipitation, rainfall, snowfall and lake 
evaporation 

 Snow survey data at Pelly Farm (elevation 472 m), Williams Creek (914 m), Mount Nansen 
(1021 m), Casino Creek (1065 m), and MacIntosh (1160 m). 

 Whitehorse at elevation 703 m: solar radiation, pan evaporation 

Due to the proximity to the proposed Carmacks Copper project site, methodologies developed during 
recent updates to the Williams Creek area hydrology (Clearwater Consultants Ltd. Memo CCL-CC6 
Final Draft “Carmacks Copper Project – Williams Creek Site Hydrology Update” dated January 13, 
2006) have been used and applied as appropriate to the Minto Creek hydrology update. 
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Streamflow data have been collected sporadically at several locations within Minto Creek since 1993.  
The primary locations used herein are station W1 “Minto Creek near the Mouth” (42 km2) and station 
W3 “Minto Creek downstream of decant pond” (10.4 km2).  Data consist of various spot flow 
measurements at both stations as well as limited datalogger data for station W1 from July to October 
2005. 

Due to the proximity, regional streamflow data were evaluated for WSC Station 09AH003 “Big Creek 
near the mouth” (1750 km2).  Big Creek drains the catchment area immediately south of Minto Creek. 

3. Precipitation 

3.1 Average Conditions 

Due to the lack of site-specific data for Minto Creek, orographic factors previously developed for the 
Williams Creek area were applied to the Minto Creek area with Pelly River Ranch (1955 to 2004, 
elevation 454 m) providing the base dataset.  The assumptions and results presented herein are believed 
to be conservative and appropriate for design applications for the Minto Copper Project.   

Orographic factors and estimated annual average rainfall, snowfall and total precipitation are 
summarized following for Pelly River Ranch and for two elevations within the Minto Creek drainage: 

Minto at Elev 760 m Minto at Elev 885 m 
 

Item 

Orographic 
Factor 

%/100 m 

Pelly River 
Ranch 
(mm) 

Factor Depth Factor Depth 

Annual Rainfall 0.94% 189.4 1.029 195 1.041 197 
Annual Snowfall 6.26% 113.7 1.192 136 1.270 144 

Total Precipitation 2.94% 303.1 1.090 331 1.127 341 
Notes 

1) Elevation 760 m corresponds to the average catchment elevation for Minto Creek at the mouth 
2) Elevation 885 m is the approximate elevation of the proposed tailings pond for the project. 
3) Pelly River Ranch data was collected at elevation 454 m 
4) Depths are rounded to the nearest mm 

 

Table MC1-2 summarizes estimated monthly average rainfall, snowfall and total precipitation for Pelly 
River and the two Minto Creek locations. 

3.2 Wet and Dry Year Precipitation 

Frequency analyses were carried out on Pelly River Ranch total annual precipitation and the orographic 
factor for total precipitation shown above was applied to estimate comparable values for the Minto 
Creek area.  Results are shown in Table MC1-3, including estimated annual rainfall and snowfall for 
extreme wet and dry years for two locations in the Minto Creek drainage for a range of return periods 
from a 20 year dry year up to a 500 year return period wet year.  Values shown on the Table are the 
expected values (best estimates) for each return period: lower and upper bounds for each estimate are 
within +/-5% to +/-9% of the values shown. 

An evaluation of Pelly River Ranch precipitation data corrected for the effects of precipitation 
undercatch by Environment Canada suggests that annual average total precipitation could be about 5% 
higher with the increase due primarily to increased rainfall (i.e. more undercatch correction on rainfall 
data).  Corrections on the Pelly River annual total precipitation each year varied from less than 3% to 
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about 9%.  Frequency analyses on the corrected precipitation database yielded values from 3% to 5% 
higher than the results using the uncorrected database.  This difference is not considered significant and 
is within the lower to upper bound range calculated for the results using the uncorrected database. 

3.3 Wet Periods – One Day, One Month to 12 Month Duration 

Total precipitation for wet periods for one day and from one month to 12 months duration were 
estimated based on the analyses above and assuming the following: 

 One day wet periods will have an orographic factor of 1.30 times Pelly River Ranch as 
previously estimated for Williams Creek 

 One month wet periods will have an orographic factor of 1.15 times Pelly River Ranch, also 
as previously estimated for Williams Creek; 

 Orographic factors for wet periods with durations of 2, 3 and 4 months were estimated by 
interpolation as shown on Table MC1-4. 

 The annual rainfall orographic factor of 1.03 will apply to five month duration wet periods 
extending from the start of May through to the end of September.  This period is responsible 
for about 94% of the total annual rainfall recorded at Pelly Ranch; 

 The snowfall orographic factor of 1.19 will apply to wet periods of six to seven months 
duration extending from the start of October through to the end of the following April; 

 Wet periods starting in October and lasting more than seven months will be comprised of 
both snowfall and rainfall; therefore, the orographic factor will be less than the snowfall 
factor (1.19) but more than the annual precipitation factor (1.09).  For wet periods of 8, 9, 10 
and 11 months duration, the orographic factor was estimated by interpolation as shown on 
Table MC1-4. 

Estimates of extreme wet and dry year and wet and dry period precipitation depths were prepared for the 
Minto Creek site at two elevations (760 m and 885 m) and are presented in Table MC1-4.  

3.4 Snowmelt 

Based on the Minto Creek snow survey data from 1994, 1995, 1998 and 2006, the maximum annual 
snowpack within the Minto Creek drainage was generally measured on either March 1 or April 1.  For 
most years (except 2006) there was no snow remaining on the ground by May 1 (Table MC1-5).  For 
design purposes it is recommended that the entire accumulated snowpack should be assumed to melt 
during April.  The total snowmelt could occur over a period of as little as two weeks. 

Based on comparisons with regional snow survey data, the average of the site data maximum snowpack 
measurements represented about 85% of the long term average maximum snowpack.  As shown on 
Table MC1-5, the estimated long term average maximum snowpack at the Minto Creek sites may range 
from about 90 mm to 105 mm (water equivalent).   

4. Other Climate Data 
Table MC1-1 and Figures MC1-1 to MC1-5 summarize the measured climatic data at the Minto Creek 
site from September 2005 to July 2006.  Figure MC1-2 compares the site temperature data to long-term 
average temperature data reported for Pelly Ranch and for Carmacks.  Overall, the Minto Creek 2005 
data indicates the site was significantly warmer than average Pelly and Carmacks temperatures for 
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December, January and February, slightly warmer from September to November, cooler in March and 
April, and essentially the same temperature in May, June and July.  Based on typical temperature lapse 
rates, the Minto Creek site elevations (760 m to 885 m) would be expected to be about 2oC to 4oC cooler 
than Pelly Ranch.   

5. Evapotranspiration and Lake Evaporation 
Lake evaporation and areal evapotranspiration (including transpiration from vegetation) were estimated 
using the computer model WREVAP, which was developed by Environment Canada’s National 
Hydrology Research Institute (NHRI, 1985).  WREVAP is a semi-empirical, semi-physical model that 
estimates evaporation from meteorological data (humidity, air temperature and sunshine duration).  The 
model uses different routines to estimate lake evaporation and land evapotranspiration.  Estimates were 
prepared for Whitehorse Airport, Mayo Airport, Williams Creek, and Minto Creek using the available 
site climate data (September 2005 to July 2006) supplemented by regional data.  Monthly values for 
Minto Creek were estimated for August based on regional data due to missing site climate data as 
indicated on Table MC1-6.  Minor adjustments were also made to calculated monthly 
evapotranspiration values for April and June so as to be consistent with regional long-term average 
values.   Table MC1-6 summarizes the calculated and adjusted values of lake evaporation and areal 
evapotranspiration for Minto Creek.  Monthly values are shown on Figures MC1-6a and MC1-6B.   

Annual calculated total lake evaporation ranges from 467 mm/year at Mayo to 528 mm/year at Williams 
Creek with Minto Creek falling midway between these values at 495 mm.  During the typical open 
water season from May through September, calculated lake evaporation was 440 mm at Whitehorse and 
Williams Creek and 430 mm at Minto Creek, about 83% to 87% of the annual total.  Pan evaporation 
data have been collected by Environment Canada for Pelly Ranch and for Whitehorse Airport.  
Table MC1-6 shows lake evaporation calculated from the pan evaporation data assuming a typical pan 
coefficient of 0.7.  Lake evaporation calculated from the pan evaporation data from May to September 
was 480 mm at Whitehorse and 450 mm at Pelly Ranch, approximately 10% higher than calculated 
using the WREVAP program. 

For application to the Minto Copper Project water balance it is recommended that lake (open water) 
evaporation losses be based on the values calculated using the WREVAP program and adjusted for 
regional consistency.  For conservatism in design the following is recommended: 

 For the evaluation of maximum design storage volumes a “low” estimate of open water 
season (May to September) annual lake evaporation of 390 mm corresponding to 10% less 
than the WREVAP calculated value. 

 For average operating conditions and the evaluation of make-up water requirements annual 
open water season lake evaporation of 430 mm. 

Evapotranspiration losses around the mine site will be a function of the type of ground cover and local 
elevation and aspect.  Annual average calculated areal evapotranspiration ranges from about 
175 mm/year at Minto Creek to 220 mm/year at Mayo with about 80% of the total occurring from May 
through September.  At Minto Creek annual areal evapotranspiration is equal to about 35% of annual 
lake evaporation.  Actual evapotranspiration losses of 175 mm/year are recommended for general 
application to the Minto Creek site for areas covered with natural, undisturbed vegetation.  For areas 
that are swampy or are covered with some ponded water, a total evaporative loss of between 
175 mm/year (evapotranspiration) and 430 mm/year (lake evaporation) would be appropriate: a value of 
300 mm/year is suggested.  For disturbed ground (i.e. mill area, waste dumps, open pit walls etc.) annual 
evaporative losses will be less than 175 mm/year: a value of 100 mm/year is suggested.   
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6. Monthly Streamflow Distributions and Mean Annual Runoff 
The monthly distribution of streamflows within the Minto Creek drainage is required in order to 
evaluate and monitor potential impacts due to mine development and operation.  The available site area 
streamflow data for stations W1 and W3 are summarized in Table MC1-7.  The concurrent data for the 
WSC station at Big Creek are also shown on the table.  The data indicate that the 1994 to 2004 period 
was typical of longer-term average conditions reported for Big Creek from 1974 to 2004.   

Field observations indicate that Minto Creek experiences glaciations and essentially freezes solid during 
most winters between November and March.  The measured streamflows from April through October 
were, therefore, assumed to represent the entire year’s runoff from the Minto Creek catchment.  Table 
MC1-8 shows the estimated monthly distribution of streamflows as a percent of mean annual runoff for 
the two Minto Creek stations and for Big Creek.   

There have been periods when no streamflow has been observed at W1 (the downstream station) at 
times when flows were observed at the upstream station W3.  Infiltration of Minto Creek flows into the 
alluvial materials of the Yukon River floodplain has been postulated as the reason for the observed zero 
flow condition in Minto Creek near the mouth.     

Most available streamflow data for Minto Creek consists of spot measurements of flow: continuous 
datalogger records are only available for July to October 2005 for station W1.  In addition April 
streamflows have only been measured in 2006 and personnel report that peak snowmelt streamflows 
have not been measured.  Assuming that the available streamflow data collected since 1994 have been 
representative of long term average conditions would yield a minimum estimate of the mean annual 
runoff depth (MAR) for Minto Creek of about 75 mm (Table MC1-7).  However, given the lack of 
continuous streamflow data, especially the limited data during snowmelt in April (Table MC1-5), the 
actual average MAR for Minto Creek may be closer to 100 mm.  Figure MC1-7 shows average 
estimated monthly flows for Minto Creek at W1 and at W3 assuming a mean average annual runoff of 
100 mm.  The long term MAR at Big Creek has been about 143 mm, thus annual runoff in Minto Creek 
appears to be from 50% to 70% of the mean annual runoff in Big Creek.  The difference is due to 
differing catchment characteristics: Big Creek is much larger (1750 km2 v. less than 42 km2) with a 
much high average catchment elevation (1150 m v. 760 m) and experiences a higher total precipitation. 

For water balance modeling within the Minto Creek catchment an average annual runoff depth of 
100 mm should be used.  Table MC1-9 shows estimated wet and dry year runoff depths for Big Creek 
and Minto Creek for a range of return periods. 
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7. Conclusions 
The estimated hydrologic characteristics of the Minto Creek site area have been updated using the 
available site and regional data.  The updated site hydrology parameter values will be applied to the site 
water balance analysis of the project.  The following conclusions are made: 

1) The estimated annual average precipitation at the Minto Creek site is 330 to 340 mm, depending on 
elevation, and is comprised of 58% to 59% rainfall occurring from April to September. 

2) Average estimated monthly rainfall, snowfall and total precipitation depths for the Minto Creek area 
are shown on Table MC1-2. 

3) Frequency analyses for annual precipitation and one day and one to twelve month duration wet and 
dry periods are shown on Table MC1-4. 

4) For average conditions the annual snowmelt should be assumed to occur in April.  The average 
maximum snowpack in upper Minto Creek is from about 90 mm to 105 mm 

5) Average potential lake evaporation for the Minto Creek area is estimated to be 495 mm/year with 
about 87% of the lake evaporation (430 mm) occurring during the open water season from May to 
September.  A 10% lower value is recommended as a conservative design parameter to evaluate 
maximum design reservoir storage volumes. 

6) Average areal evapotranspiration for natural vegetated undisturbed ground in the Minto Creek 
catchment is estimated to be 175 mm/year (35% of lake evaporation).  Evaporative losses for 
differing ground cover conditions may vary from 100 mm/year for disturbed ground to more than 
300 mm/year for swampy ground. 

7) The Minto Creek site appears slightly warmer than Pelly Ranch and Carmacks from September to 
February and slightly cooler from March to May based on the limited available site data. 

8) Monthly average streamflow distributions for the Minto Creek catchment area are shown on 
Table MC1-8. 

9) Mean annual runoff depth for Minto Creek is estimated to be about 100 mm.  Table MC1-9 shows 
estimated wet and dry year runoff for a range of return periods. 

 

 

CLEARWATER CONSULTANTS LTD. 

Peter S. McCreath P.Eng. 
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Table MC1-1 - Minto Camp Climate Station - Monthly Data Summary September 2005 to July 2006

Month Total Monthly
Maximum 

Daily
Average 
Monthly

Maximum 
Gust

Average Wind 
Direction (ø)

Total Solar 
Radiation 
(W/m^2)

Average Soil 
Temperature 

(*C) 

Extreme 
Maximum 

Extreme 
Minimum

Average 
Monthly

Average Dew 
Point (oC)

Average 
RH (%) 

Average 
Pressure 
(mbar)

Sep-05 21.6 1.6 1.63 15.77 193.9 52,873 7.3 15.23 -0.61 6.89 1.95 72.6 914.1
Oct-05 23.0 2.8 1.80 17.63 173.6 32,319 1.3 7.43 -10.56 -0.94 -3.74 82.8 907.2
Nov-05 11.6 4.8 1.57 19.48 231.0 9,506 -0.6 7.43 -28.05 -12.70 -15.34 82.0 908.6
Dec-05 4.6 2.4 0.78 17.25 207.7 2,911 -6.8 6.22 -29.10 -10.21 -12.61 84.0 907.5
Jan-06 0.0 0.0 0.23 7.79 240.3 6,441 -10.7 -3.85 -36.50 -19.25 -21.19 84.6 904.7
Feb-06 0.4 0.4 1.82 19.11 207.5 27,202 -9.5 5.81 -30.20 -11.80 -16.35 71.4 918.0
Mar-06 2.8 1.6 1.71 11.32 214.8 78,691 -9.0 5.40 -28.05 -12.10 -17.80 63.9 915.3
Apr-06 0.0 0.0 3.43 20.22 212.3 81,660 m 7.03 -14.10 -1.03 -8.96 56.9 898.4
May-06 0.9 0.1 3.27 18.37 209.3 162,958 m 19.04 -2.44 7.32 -3.28 50.1 908.0
Jun-06 1.4 0.1 3.17 16.14 204.2 90,487 m 25.95 -0.61 13.56 0.65 45.9 909.7
Jul-06 0.3 0.1 2.29 13.36 151.7 m m 23.63 8.23 15.55 5.77 53.9 910.6

Notes
1)  Station data collection halted on March 30th at 1726 hrs
2)  Station re-started on April 12, 2006, 0027 hrs, station relocated to airstrip
3)  Data to July 19, 2006 at 1344 hrs
4)  Apparent Solar Radiation sensor error starting June 15, 2006 at 1744 hrs
5)  Average Soil Temperature sensor disabled March 30, 2006 at 1727 hrs
6)  November to March precipitation is not accurate.  Sensor measures rainfall only.

Rainfall (mm) Wind Speed (m/s) Air Temperature (oC)
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Table MC1-2 - Average Monthly Precipitation Conditions - Minto Creek Areas

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Pelly River Ranch at Elevation 454 m
Average Conditions - Monthly Depths - mm

Average Rainfall 0.0 0.0 0.2 3.5 22.6 36.3 53.5 38.1 27.6 7.1 0.4 0.1 189.4
Average Snowfall 20.0 14.7 11.1 6.7 0.0 0.0 0.0 0.0 0.0 15.8 24.2 21.2 113.7

Average Precipitation 20.0 14.7 11.3 10.2 22.6 36.3 53.5 38.1 27.6 22.9 24.6 21.3 303.1

Percent per month of Total Annual Precipitation
Average Rainfall 0.0% 0.0% 0.1% 1.2% 7.5% 12.0% 17.6% 12.6% 9.1% 2.3% 0.1% 0.0% 62.5%

Average Snowfall 6.6% 4.9% 3.7% 2.2% 0.0% 0.0% 0.0% 0.0% 0.0% 5.2% 8.0% 7.0% 37.5%
Total Precipitation 6.6% 4.9% 3.7% 3.4% 7.5% 12.0% 17.6% 12.6% 9.1% 7.6% 8.1% 7.0% 100.0%

Minto Creek Catchment (42 km2) at Average Elevation 760 m
Percent per month of Total Annual Precipitation

Average Rainfall 0.0% 0.0% 0.0% 1.7% 7.1% 11.7% 16.9% 12.2% 9.4% 0.0% 0.0% 0.0% 59.0%
Average Snowfall 6.4% 4.8% 4.0% 2.9% 0.0% 0.0% 0.0% 0.0% 0.0% 8.1% 7.9% 6.9% 41.0%
Total Precipitation 6.4% 4.8% 4.0% 4.6% 7.1% 11.7% 16.9% 12.2% 9.4% 8.1% 7.9% 6.9% 100.0%

Average Conditions - Monthly Depths - mm
Average Rainfall 0.0 0.0 0.0 5.6 23.5 38.6 55.8 40.3 31.0 0.0 0.0 0.0 194.8

Average Snowfall 21.1 15.9 13.2 9.6 0.0 0.0 0.0 0.0 0.0 26.8 26.1 22.8 135.5
Total Precipitation 21.1 15.9 13.2 15.2 23.5 38.6 55.8 40.3 31.0 26.8 26.1 22.8 330.3

Minto Creek Tailings (9.6 km2) at Average Elevation 885 m
Percent per month of Total Annual Precipitation

Average Rainfall 0.0% 0.0% 0.0% 1.0% 7.1% 11.7% 16.9% 12.2% 8.8% 0.0% 0.0% 0.0% 57.7%
Average Snowfall 6.4% 4.8% 4.0% 3.8% 0.0% 0.0% 0.0% 0.0% 0.0% 8.5% 7.9% 6.9% 42.3%
Total Precipitation 6.4% 4.8% 4.0% 4.8% 7.1% 11.7% 16.9% 12.2% 8.8% 8.5% 7.9% 6.9% 100.0%

Average Conditions - Monthly Depths - mm
Average Rainfall 0.0 0.0 0.0 3.4 24.2 40.0 57.7 41.7 30.1 0.0 0.0 0.0 197.1

Average Snowfall 21.9 16.4 13.7 13.0 0.0 0.0 0.0 0.0 0.0 29.0 27.0 23.6 144.4
Total Precipitation 21.9 16.4 13.7 16.4 24.2 40.0 57.7 41.7 30.1 29.0 27.0 23.6 341.5

NOTES
1) Minto Creek % per month for rainfall, snowfall and total precipitation estimated assuming

  annual rainfall = 57.7% and annual snowfall = 42.3% of total annual precipitation for Tailings area, and
  annual rainfall = 59% and annual snowfall = 41% of total annual precipitation for Total Minto Creek catchment

2) Assumed orographic factors of:  Rainfall 0.94%/100 m, Snowfall 6.26%/100 m above Pelly River Ranch, and
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Table MC1-3 - Annual Precipitation Frequency Analyses

Total 
Precipitation

Rainfall Snowfall
Total 

Precipitation
Rainfall Snowfall

(Elev. 454 m)
(Note 1)

20 (Dry) 95% 222 242 143 99 250 144 106
10 (Dry) 90% 238 259 153 106 268 155 113
5 (Dry) 80% 258 281 166 115 291 168 123

Average 50% 303 330 195 135 341 197 144
5 (Wet) 20% 346 377 223 155 390 225 165

10 (Wet) 10% 373 407 240 167 420 242 178
20 (Wet) 5% 397 433 255 177 447 258 189
25 (Wet) 4% 404 440 260 181 455 263 193
50 (Wet) 2% 424 462 273 189 478 276 202

100 (Wet) 1% 444 484 286 198 500 289 212
200 (Wet) 0.5% 462 504 297 206 521 300 220

59.0% 57.7%

Notes
1)  Frequency analyses results for Pelly Ranch based on 3-parameter lo-Normal distribution with
    47 points, Mean = 303 mm, Standard Deviation = 53.3 mm.
2)  Annual total precipitation assumed to increase at 2.94% per 100 m elevation increase.
   Annual factors are 1.09 for Minto Creek at elevation 760 m and 1.1267 for elevation 885 m.
3)  Annual Percent Probability is the probability of the indicated value being equalled or exceeded 
    in any single year

Minto Creek Tailings Area

(Average Elev 760 m) (Average Elev. 885 m)

Return 
Period 
(years)

Annual 
Percent 

Probability

Pelly Ranch 
Total Annual 
Precipitation

Minto Creek Total Catchment
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Table MC1-4- Wet Period Precipitation - One Day and One to Twelve Month Duration

Table MC1-4A - Pelly River Ranch
Wet Periods Starting on May 1 Wet Periods Starting October 1 Annual

Return 
Period 
(years)

Annual 
Percent 

Probability
One Day

1 -Month 
Rainfall

2 -Month 
Rainfall

3 -Month 
Rainfall

4 -Month 
Rainfall

5 -Month 
Rainfall

6 -Month 
Snowfall

7 -Month 
Snowfall

8 -Month 
Precipitation

12 -Month 
Precipitation

20 (Dry) 95.0% 9.0 37 58 80 99 112 76 83 92 222
5 (Dry) 80.0% 12.7 47 78 104 125 142 88 85 116 258

Average 50.0% 17.6 63 104 138 163 181 115 125 147 299
5 (Wet) 20.0% 24.1 78 128 169 198 218 137 150 176 346
10 (Wet) 10.0% 28.3 89 144 190 221 242 157 176 199 373
20 (Wet) 5.0% 32.2 99 157 209 241 262 178 199 220 397
50 (Wet) 2.0% 37.2 113 173 231 267 287 207 227 247 424
100 (Wet) 1.0% 40.9 122 185 247 284 304 229 248 267 444
200 (Wet) 0.5% 44.6 132 195 262 302 321 252 270 287 462

Table MC1-4B - Minto Creek Area at Elevation 760 m
Wet Periods Starting on May 1 Wet Periods Starting October 1 Annual

Return 
Period 
(years)

Annual 
Percent 

Probability
One Day

1 -Month 
Rainfall

2 -Month 
Rainfall

3 -Month 
Rainfall

4 -Month 
Rainfall

5 -Month 
Rainfall

6 -Month 
Snowfall

7 -Month 
Snowfall

8 -Month 
Precipitation

12 -Month 
Precipitation

Orographic Factor 1.30 1.15 1.12 1.09 1.06 1.029 1.192 1.192 1.17 1.090
20 (Dry) 95.0% 11.7 42.6 65.0 87.2 105 115 90.6 98.9 108 242
5 (Dry) 80.0% 16.5 54.1 87.4 113 133 146 105 101 136 281

Average 50.0% 22.9 72.5 116 150 173 186 137 149 172 326
5 (Wet) 20.0% 31.3 89.7 143 184 210 224 163 179 206 377
10 (Wet) 10.0% 36.8 102 161 207 234 249 187 210 233 407
20 (Wet) 5.0% 41.9 114 176 228 255 270 212 237 257 433
50 (Wet) 2.0% 48.4 130 194 252 283 295 247 271 289 462
100 (Wet) 1.0% 53.2 140 207 269 301 313 273 296 312 484
200 (Wet) 0.5% 58.0 152 218 286 320 330 300 322 336 504

Table MC1-4C - Minto Creek Area at Elevation 885 m
Wet Periods Starting on May 1 Wet Periods Starting October 1 Annual

Return 
Period 
(years)

Annual 
Percent 

Probability
One Day

1 -Month 
Rainfall

2 -Month 
Rainfall

3 -Month 
Rainfall

4 -Month 
Rainfall

5 -Month 
Rainfall

6 -Month 
Snowfall

7 -Month 
Snowfall

8 -Month 
Precipitation

12 -Month 
Precipitation

Orographic Factor 1.30 1.15 1.12 1.09 1.06 1.041 1.27 1.27 1.24 1.127
20 (Dry) 95.0% 11.7 42.6 65.0 87.2 105 117 96.5 105.4 114 250
5 (Dry) 80.0% 16.5 54.1 87.4 113 133 148 112 108 144 291

Average 50.0% 22.9 72.5 116 150 173 188 146 159 182 337
5 (Wet) 20.0% 31.3 89.7 143 184 210 227 174 191 218 390
10 (Wet) 10.0% 36.8 102 161 207 234 252 199 224 247 420
20 (Wet) 5.0% 41.9 114 176 228 255 273 226 253 273 447
50 (Wet) 2.0% 48.4 130 194 252 283 299 263 288 306 478
100 (Wet) 1.0% 53.2 140 207 269 301 316 291 315 331 500
200 (Wet) 0.5% 58.0 152 218 286 320 334 320 343 356 521

Notes 1)  Orographic Factors times  Pelly River values equals  Minto Creek values
2)  Snowmelt for 6 to 8 month duration wet periods will allow for 20 mm sublimation loss from the snowpack
3)  Orographic factors determined as follows:

One Day and One Month factors assumed the same as for Williams Creek due to lack of site data at Minto Creek
Five month factor equal to annual rainfall factors of 1.029 and 1.041
Six- and Seven-month factors equal to annual snowfall factors of 1.192 and 1.270
12-month factor equal to annual total precipitation factors of 1.090 and 1.127
Other factors estimated by interpolation.

4)  Factors for other elevations may be estimated assuming annual orographic increases of:  
Rainfall 0.94%/100 m, Snowfall 6.26%/100 m, and Total Precipitation 2.94% per 100 m above Pelly River Ranch

File - Minto Hydrology.xls
Sheet - 4-Wet Periods CLEARWATER CONSULTANTS LTD.



Memorandum CCL-MC1
CCL File 087.01

October 6, 2006

Table MC1- 5 - Comparison of Snowsurvey Data

Concurrent Minto Creek and Regional Data
1994 1995 1998 2006

Station Elevation Location Mar-01 Apr-01 May-01 May-15 Mar-01 Apr-01 May-01 May-15 Mar-01 Apr-01 May-01 May-15 Mar-01 Apr-01 May-01 May-15
Minto #1 980 Site 98 112 0 0 53 73 54 0 75 76 0 0 81 99 51
Minto #2 890 Site 87 93 0 0 63 53 0 0 61 66 0 0 72 101 107
Minto #3 890 Site 84 78 0 0 56 48 0 0 59 70 0 0 65 93 0

Pelly Farm 472 20 km NW 62 60 0 0 52 52 0 0 59 56 0 0 70 61 19
Williams Ck 914 45 km SE m m m m 55 78 20 80 92 0 0 71 90 61
Mt Nansen 1021 70 km SW 73 73 0 0 50 49 0 0 56 81 0 56 84 0

Casino Creek 1065 90 km W 83 83 56 0 75 m 104 61 88 89 134 121
MacIntosh 1160 120 km S 87 88 23 0 56 78 13 50 74 60 92 76

Average - Minto 1, 2 & 3 90 94 0 0 57 58 18 0 65 71 0 0 73 98 53
Average - Regional Data 76 76 20 0 58 64 27 0 61 78 0 0 69 92 55

Ratio - Minto/Average Regional 1.18 1.24 0.00 1.00 0.90 0.66 1.06 0.90 1.05 1.06 0.95

Average Maximum Snowpacks each year (mm water equivalent)

Average Ratio = 0.85

Minto stations estimated long term Average Maximum Snowpack = (1994/5/8/2006 Average) / (Average Regional Ratio to long term)

89
79
88
76
142
99

1994/5/8/06 Avg
90
82

Estimated Long 
Term Average

106
97

76
61
87
72
102
83

Ratio to Long Term
-
-
-

0.77
0.98
0.95
0.72
0.84

Station
Minto #1
Minto #2
Minto #3

Pelly Farm
Williams Creek

Mt Nansen
Casino Creek

MacIntosh
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Table MC1-6 - Minto Creek - Estimated Average Areal Evapotranspiration and Lake Evaporation

Month Williams Creek Mayo A Whitehorse A
Minto Camp 
(calculated)

Minto Camp 
(adjusted)

Jan 0 0 0 0 0
Feb 0 0 0 0 0
Mar 16.7 0 12.8 5.6 5.6
Apr 16.5 19.3 24 28 20
May 27 33.2 35.1 32.4 32.4
Jun 40.5 49.9 45.2 28.7 40
Jul 38.3 55.9 44.5 34.5 34.5
Aug 18.4 38.7 23.9 22
Sep 15.3 17.3 15.3 15.5 15.5
Oct 4.6 6 8.1 4 4
Nov 0 0 0 0 0
Dec 0 0 0 0 0
Total 177.3 220.3 208.9 174

Calculated Adjusted
Jan 0 0 0 0 0
Feb 0 0 0 0 0
Mar 21.6 0 15.3 5.3 5.3
Apr 61.6 47.8 58.4 55.9 55.9
May 99.7 90.6 97.3 104.3 107.6 95.1 95.1
Jun 119.4 110.5 118.7 124.8 120.3 119.2 119.2
Jul 110.7 108.4 113.1 109.9 108 111.9 111.9
Aug 76.5 77.9 81.2 96 79.8 80
Sep 34 26.2 34.1 47.7 37.2 24.4 24.4
Oct 4.1 5.7 10.3 3.5 3.5
Nov 0 0 0 0 0
Dec 0 0 0 0 0

Annual 527.6 467.1 528.4 495.3
May-Sept 440.3 413.6 444.4 482.7 452.9 430.6

Notes
1)  Minto Camp "calculated" values calculated using available climate data from Minto Camp station in 2005
2) Minto Camp "Adjusted" values (in bold italics) estimated based on regional values.

Average Monthly Areal Evapotranspiration (mm)

Average Monthly Lake Evaporation (mm)
Minto Camp (WREVAP)

Month
Williams Creek 

(WREVAP)
Mayo A 

(WREVAP)
Whitehorse A 
(WREVAP)

Whitehorse A 
(adjusted Class 

Pelly Ranch 
(adjusted Class 
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Table MC1- 7 - Available Monthly Streamflow Data - Minto Creek and Big Creek

Monthly Averages - All Flows - Minto Creek W1 & W2 (42 km2)
Apr May Jun Jul Aug Sep Oct

1993 0.069
1994 0.312 0.058 0.095 0.007 0.073
1995 0.027 0.001 0.091 0.133
1996 0.031 0.024 0.324 0.146
1997 1.447 0.265
1998 0.161 0.003
1999 0.033
2000 1.004
2001 0.467
2002
2003 0.129
2004 0.118
2005 0.097 0.012 0.127 0.209 0.219 0.134
2006 0.203 0.354 0.150 0.020

Average Flow m3/s 0.203 0.433 0.049 0.129 0.108 0.128 0.134
Average Runoff mm 12.5 27.6 3.0 8.2 6.9 7.9 8.6 74.7

% of Annual 16.7% 37.0% 4.1% 11.0% 9.2% 10.6% 11.5%

Monthly Averages - All Flows - Minto Creek W3 (10.4 km2)
Apr May Jun Jul Aug Sep Oct

1993 0.028
1994 0.101 0.028 0.039 0.011 0.028
1995 0.0035 0.017 0.027 0.008
1996 0.013 0.087 0.021
1997 0.554
1998 0.006
1999 0.006
2000
2001 0.16
2002
2003 0.037
2004 0.026
2005 0.046 0.008 0.014 0.017 0.022 0.02
2006 0.018 0.128 0.042 0.006

Average Flow m3/s 0.018 0.167 0.020 0.032 0.015 0.025 0.014
Average Runoff mm 4.6 43.0 5.1 8.1 4.0 6.3 3.6 74.7

% of Annual 6.1% 57.6% 6.8% 10.9% 5.3% 8.4% 4.8%
Monthly flows calculated by averaging all available flow data for a given month.  Average flow in months
  with only a single spot flow measurement assumed equal to the spot flow measurement.

Big Creek (1750 km2) - 1993 to 2004
Apr May Jun Jul Aug Sep Oct

1993 5.33 36 10 12.6 13.5 7.22 2.04
1994 7.91 19.1 9.01 3.03 2.27
1995
1996 0.003 6.34 6.03 22.5 21.2 12.1 2.91
1997 0.049 28.7 38.8 26.5 24.4 11 3.85
1998 0.224 8.61 8.29 2.67 1.87 2.37 1.19
1999 0.173 9.6 22 6.31 4.18 8.94 3.12
2000 0.682 58 27.6 30 32.6 37 12.8
2001 1.76 15.3 37 38.2 19.5 14.8 5.42
2002 0.732 19.4 9.12 9.15 14.8 16.4 4.62
2003 3.98 12.3 18.5 20.1 11.7 7.09 4.67
2004 2.38 40.2 6.27 4.79 7.13 6.14 4.82
2005
2006

Averages - 1993 to 2004
Flow m3/s 2.11 23.1 17.5 17.3 15.1 11.5 4.34

Runoff mm 3.1 35.3 25.9 26.5 23.1 17.0 6.6 137.5
Averages - 1974 to 2004 (all available data)

Flow m3/s 1.83 25.0 17.6 18.9 13.8 10.6 3.98
Runoff mm 2.7 38.3 26.1 28.9 21.1 15.7 6.1 138.9

Monthly % of Annual Total
1993 to 2004 2.2% 24.4% 17.9% 18.3% 15.9% 11.7% 4.6% 94.9%
1974 to 2004 1.9% 26.8% 18.3% 20.2% 14.8% 11.0% 4.3% 97.4%

Big Creek 1993 to 2004 - April to October represents 95% of the average annual total runoff of 142.1 mm
1974 to 2004 - April to October represents 97% of the annual total runoff of 142.6 mm
Conclude that 1993 to 2004 period is comparable to the longer term 1974 to 2004 period.
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Table MC1-8 - Summary of Average Monthly Streamflows and Runoff

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Big Creek 09AH003, 1750 km2

Average Flow m3/s 0.31 0.18 0.15 1.83 25.0 17.6 18.9 13.8 10.6 3.98 1.29 0.59 8.01
Average Runoff mm 0.5 0.2 0.2 2.7 38.3 26.1 28.9 21.1 15.7 6.1 1.9 0.9 142.6

Minto Creek at W1 (42 km2)
Average Flow m3/s 0.203 0.433 0.049 0.129 0.108 0.128 0.134

Average Runoff mm 12.5 27.6 3.0 8.2 6.9 7.9 8.6 74.7

Minto Creek at W3 (10.4 km2)
Average Flow m3/s 0.018 0.167 0.020 0.032 0.015 0.025 0.014

Average Runoff mm 4.6 43.0 5.1 8.1 4.0 6.3 3.6 74.7

Monthly  Percent of Annual Average Flow
Big Creek nr mouth 0.3% 0.2% 0.2% 1.9% 26.8% 18.3% 20.2% 14.8% 11.0% 4.3% 1.3% 0.6%
Minto Creek at W1 0% 0% 0% 16.7% 37.0% 4.1% 11.0% 9.2% 10.6% 11.5% 0% 0%
Minto Creek at W3 0% 0% 0% 6.1% 57.6% 6.8% 10.9% 5.3% 8.4% 4.8% 0% 0%

Notes
1)  Minto Creek assumed to glaciate with zero flow from November to March on average.
2)  April flows for W1 and W3 probably underestimate actual average monthly April flow due to lack of data during snowmelt.
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Table MC1-9 - Wet and Dry Year Runoff

20 (Dry) 95% 62 43
10 (Dry) 95% 75 53
5 (Dry) 80% 94 66

Average 50% 143 100
5 (Wet) 20% 190 133

10 (Wet) 10% 224 157
20 (Wet) 5% 255 179
25 (Wet) 4% 265 186
50 (Wet) 2% 294 206
100 (Wet) 1% 323 226
200 (Wet) 0.5% 351 246

Percent of Big Creek Annual Runoff 70%

Notes
1)  Frequency analysis for Big Creek annual runoff based on 3-parameter log-Normal distribution
    with 27 points, Mean = 144 mm, Standard Deviation 60.4 mm.
2)  Ratio of runoff for Minto Creek catchment based on flow data comparison with Big Creek
   and stations W1 and W3 over the period 1993 to 2006.
3)  Annual Percent Probability is the probability of the indicated value being equalled or exceeded 
    in any single year.

Minto Creek Catchment Annual 
Runoff (mm)

Big Creek Annual 
Runoff (mm)

Return 
Period 

Annual 
Percent 
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APPENDIX 2 
Minto Creek Site Hydrology Update 

Figures 
 

Figure MC1-1 – Minto Camp – Air Temperature 

Figure MC1-2 – Monthly Temperature Comparison 

Figure MC1-3 – Minto Camp – Dew Point Temperature 

Figure MC1-4 – Minto Camp – Relative Humidity 

Figure MC1-5 – Minto Camp – Barometric Pressure 

Figure MC1-6A – Estimated Mean Monthly Areal Evapotranspiration 

Figure MC1-6B – Estimated Mean Monthly Lake Evaporation 

Figure MC1-7 – Average Monthly Flows – Minto Creek at W1 and W3 
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Figure MC1 - 1 : Minto Camp - Air Temperature oC
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Figure MC1 - 2 : Monthly Temperature Comparison
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Figure MC1 - 3 : Minto Camp - Dew Point Temperature oC
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Memorandum CCL MC1
CCL File 087.01

October 6, 2006

File - Minto Hydrology.xls
Sheet - 4-RH CLEARWATER CONSULTANTS LTD.

Figure MC1 - 4 : Minto Camp - Relative Humidity  %
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October 6, 2006

File - Minto Hydrology.xls
Sheet - 5-Baro Pressure CLEARWATER CONSULTANTS LTD.

Figure MC1 - 5 : Minto Camp - Barometric Pressure (mbar)
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Memorandum CCL MC1
CCL File 087.01

October 6, 2006

Figure MC1 - 6A: Estimated Mean Monthly Areal Evapotranspiration
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Figure MC1 - 6B:  Estimated Mean Monthly Lake Evaporation
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File - Minto Hydrology.xls
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Figure MC1 - 7   Average Monthly Flows - Minto Creek at W1 and W3
(assuming MAR = 100 mm, distribution based on flows measured/estimated from 1993 to 2006)
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APPENDIX 2 
Minto Creek Surface Water Hydrology Conditions 

Tables 
 

Table MC6-1 – Minto Creek at W1 Daily Discharges 2007 

Table MC6-2 – Minto Creek at W1 Daily Discharges 2008 

Table MC6-3 – Minto Creek at W1 Daily Discharges 2009 

Table MC6-4 – Minto Creek at W3 Daily Discharges 2008 

Table MC6-5 – Minto Creek at W3 Daily Discharges 2009 

Table MC6-6 – Big Creek near the Mouth Station 09AH003 Monthly Discharges 

Table MC6-7 – Monthly Average Flows – Minto Creek W1 & W2 

Table MC6-8 – Monthly Average Flows – Minto Creek W3 

Table MC6-9 – Monthly Average Flows Big Creek 1993 to 2009 

Table MC6-10 – Summary of Average Monthly Streamflows and Runoff Distribution 

Table MC6-11 – Estimated Wet and Dry Year Runoff 



CCL File 084.04
Memo CCL-MC6

July 2010

TABLE MC6-1

Minto Creek at W1 - Daily Discharges (m3/s) - 2007

Date May June July Aug Sept Oct
1 0.057 0.051 0.100 0.016
2 0.055 0.177 0.054 0.019
3 0.474 0.052 0.258 0.030 0.028
4 0.494 0.047 0.146 0.012 0.026
5 0.393 0.052 0.091 0.003 0.018
6 0.334 0.052 0.058 0.003 0.021
7 0.338 0.064 0.056 0.015 0.016
8 0.282 0.057 0.089 0.024 0.016
9 0.280 0.046 0.086 0.015 0.015

10 0.261 0.052 0.073 0.009 0.035
11 0.212 0.105 0.068 0.006 0.069
12 0.179 0.195 0.056 0.015 0.044
13 0.165 0.157 0.066 0.011 0.029
14 0.153 0.122 0.051 0.004 0.024
15 0.144 0.102 0.046 0.006 0.022
16 0.121 0.069 0.037 0.024 0.034
17 0.120 0.050 0.033 0.025 0.051
18 0.101 0.040 0.031 0.031 0.032
19 0.098 0.031 0.029 0.015 0.040
20 0.102 0.023 0.026 0.014 0.070
21 0.091 0.018 0.026 0.022 0.056
22 0.083 0.014 0.019 0.031 0.038
23 0.084 0.013 0.016 0.050 0.055
24 0.078 0.014 0.027 0.057 0.035
25 0.081 0.015 0.035 0.057
26 0.079 0.024 0.024 0.043
27 0.075 0.015 0.014 0.021
28 0.069 0.010 0.011 0.019
29 0.062 0.007 0.010 0.014
30 0.065 0.025 0.023 0.020
31 0.061 0.163 0.019

# Days 29 30 31 31 24
Average Daily 0.175 0.053 0.061 0.025 0.034
Maximum Daily 0.494 0.195 0.258 0.100 0.070
Minimum Daily 0.061 0.007 0.010 0.003 0.015
Maximum Inst. 0.629 0.249 0.350 0.153 0.118
Minimum Inst. 0.031 0.000 0.000 0.000 0.004

File - W1 W3 Flow Summary 2007 to 2009.xls
Sheet - Monthly W1 W3



CCL File 084.04
Memo CCL-MC6

July 2010

TABLE MC6-2

Minto Creek at W1 - Daily Discharges (m3/s) - 2008

Date May June July Aug Sept Oct
1 0.049 0.014 0.008 0.155 0.048
2 0.045 0.013 0.005 0.150 0.067
3 0.043 0.003 0.001 0.140 0.090
4 0.036 0.000 0.001 0.132 0.071
5 0.027 0.000 0.000 0.124 0.048
6 0.024 0.000 0.006 0.114 0.049
7 0.019 0.017 0.018 0.203 0.036
8 0.017 0.017 0.032 0.317 0.025
9 0.018 0.007 0.031 0.371 0.018

10 0.017 0.002 0.025 0.324 0.014
11 0.011 0.000 0.024 0.290 0.011
12 0.007 0.000 0.023 0.318 0.009
13 0.208 0.007 0.000 0.021 0.289 0.009
14 0.139 0.003 0.000 0.014 0.176 0.006
15 0.123 0.006 0.006 0.010 0.171 0.003
16 0.119 0.003 0.011 0.010 0.196 0.008
17 0.123 0.000 0.001 0.014 0.193 0.007
18 0.143 0.000 0.000 0.029 0.167 0.011
19 0.151 0.001 0.040 0.028 0.173 0.004
20 0.145 0.000 0.074 0.022 0.207 0.003
21 0.150 0.000 0.163 0.041 0.186 0.006
22 0.140 0.000 0.184 0.084 0.140
23 0.125 0.000 0.092 0.077 0.133
24 0.114 0.040 0.052 0.190 0.129
25 0.111 0.029 0.036 2.035 0.130
26 0.086 0.013 0.028 1.231 0.136
27 0.091 0.004 0.019 0.590 0.129
28 0.085 0.000 0.013 0.387 0.132
29 0.057 0.011 0.009 0.300 0.111
30 0.059 0.023 0.005 0.271 0.090
31 0.053 0.007 0.186

# Days 19 30 31 31 30 21
Average Daily 0.117 0.015 0.026 0.184 0.184 0.026
Maximum Daily 0.208 0.049 0.184 2.035 0.371 0.090
Minimum Daily 0.053 0.000 0.000 0.000 0.090 0.003
Maximum Inst. 0.218 0.071 0.250 3.125 0.414 0.100
Minimum Inst. 0.027 0.000 0.000 0.000 0.046 0.000

File - W1 W3 Flow Summary 2007 to 2009.xls
Sheet - Monthly W1 W3



CCL File 084.04
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TABLE MC6-3

Minto Creek at W1 - Daily Discharges (m3/s) - 2009

Date May June July Aug Sept Oct
1 0.444 0.439 0.134 0.047
2 0.418 0.357 0.244 0.033
3 0.403 0.328 0.303 0.026
4 0.378 0.344 0.273 0.024
5 0.361 0.415 0.156 0.022
6 0.355 0.432 0.058 0.021
7 2.228 0.339 0.338 0.050 0.020
8 1.781 0.316 0.417 0.229 0.016
9 1.525 0.318 0.363 0.121 0.013

10 1.308 0.297 0.301 0.121 0.017
11 1.092 0.281 0.313 0.071 0.017
12 1.066 0.278 0.286 0.049 0.019
13 1.222 0.288 0.290 0.058 0.020
14 1.037 0.354 0.249 0.174 0.018
15 0.912 0.345 0.283 0.198 0.020
16 0.852 0.367 0.295 0.191 0.022
17 0.801 0.294 0.276 0.208 0.018
18 0.739 0.476 0.216 0.149 0.022
19 0.672 0.683 0.039 0.186 0.022
20 0.637 0.470 0.038 0.143 0.026
21 0.616 0.358 0.151 0.135 0.028
22 0.590 0.296 0.176 0.128 0.029
23 0.557 0.249 0.179 0.126 0.035
24 0.540 0.220 0.232 0.114 0.043
25 0.517 0.190 0.220 0.107 0.036
26 0.508 0.182 0.228 0.113 0.035
27 0.491 0.415 0.199 0.103 0.050
28 0.502 0.512 0.141 0.091
29 0.525 0.240 0.040 0.085
30 0.505 0.398 0.037 0.103
31 0.473 0.095 0.086

# Days 25 30 31 31 27
Average Daily 0.868 0.351 0.249 0.139 0.026
Maximum Daily 2.228 0.683 0.439 0.303 0.050
Minimum Daily 0.473 0.182 0.037 0.049 0.013
Maximum Inst. 2.259 0.803 0.485 0.357 0.067
Minimum Inst. 0.405 0.164 0.004 0.010 0.000

File - W1 W3 Flow Summary 2007 to 2009.xls
Sheet - Monthly W1 W3
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Memo CCL-MC6
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TABLE MC6-4

Minto Creek at W3 - Daily Discharges (m3/s) - 2008

Date Aug Sep Oct Nov
1 0.083 0.004 0.003
2 0.082 0.004 0.003
3 0.080 0.004 0.003
4 0.077 0.003 0.003
5 0.082 0.003 0.003
6 0.102 0.003 0.003
7 0.189 0.003 0.003
8 0.182 0.003 0.003
9 0.175 0.003 0.003

10 0.168 0.003 0.004
11 0.172 0.003 0.005
12 0.205 0.003
13 0.180 0.003
14 0.103 0.003
15 0.111 0.003
16 0.142 0.003
17 0.131 0.003
18 0.123 0.003
19 0.136 0.003
20 0.158 0.003
21 0.003 0.119 0.003
22 0.003 0.095 0.003
23 0.003 0.098 0.003
24 0.004 0.100 0.006
25 0.043 0.100 0.005
26 0.114 0.102 0.003
27 0.070 0.103 0.003
28 0.096 0.105 0.003
29 0.126 0.107 0.003
30 0.152 0.049 0.003
31 0.089 0.003

# Days 11 30 31 11
Average Daily 0.064 0.122 0.003 0.003
Maximum Daily 0.152 0.205 0.006 0.005
Minimum Daily 0.003 0.049 0.003 0.003
Maximum Inst.
Minimum Inst.

File - W1 W3 Flow Summary 2007 to 2009.xls
Sheet - Monthly W1 W3



CCL File 084.04
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TABLE MC6-5

Minto Creek at W3 - Daily Discharges (m3/s) - 2009

Date Jun Jul Aug Sep Oct
1 0.136 0.057 0.139 0.118
2 0.157 0.101 0.137 0.066
3 0.144 0.103 0.134 0.068
4 0.013 0.143 0.102 0.130 0.114
5 0.014 0.146 0.102 0.133 0.114
6 0.014 0.145 0.056 0.128 0.115
7 0.014 0.120 0.018 0.129 0.116
8 0.014 0.109 0.011 0.128 0.118
9 0.015 0.140 0.011 0.125 0.117

10 0.017 0.111 0.011 0.121 0.113
11 0.016 0.122 0.012 0.126 0.116
12 0.017 0.114 0.011 0.125 0.118
13 0.014 0.110 0.011 0.126 0.119
14 0.016 0.110 0.043 0.121 0.120
15 0.013 0.109 0.124 0.119 0.119
16 0.014 0.123 0.125 0.120
17 0.017 0.135 0.130 0.120
18 0.014 0.131 0.118 0.117
19 0.016 0.067 0.119 0.122
20 0.016 0.010 0.132 0.121
21 0.015 0.033 0.128 0.120
22 0.014 0.061 0.132 0.120
23 0.014 0.079 0.130 0.120
24 0.014 0.093 0.131 0.120
25 0.014 0.116 0.134 0.119
26 0.014 0.138 0.134 0.118
27 0.022 0.136 0.130 0.116
28 0.141 0.114 0.133 0.118
29 0.136 0.071 0.137 0.118
30 0.064 0.009 0.135 0.119
31 0.062 0.139

# Days 27 31 31 30 15
Average Daily 0.026 0.106 0.092 0.124 0.110
Maximum Daily 0.141 0.157 0.139 0.139 0.120
Minimum Daily 0.013 0.009 0.011 0.116 0.066
Maximum Inst.
Minimum Inst.

File - W1 W3 Flow Summary 2007 to 2009.xls
Sheet - Monthly W1 W3



CCL File 084.04
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July 2010

TABLE MC6-6 - Big Creek near the Mouth Station 09AH003 - Monthly Discharges (m3/s)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean
1974 19.6 4.53 2.16 0.608 0.118
1975 0.058 0.083 0.149 0.443 37.3 14.6 23.9 23.1 13.8 4.06 0.423 0.199 9.96
1976 0.121 0.081 0.062 0.400 23.4 25.7 42.5 5.94 2.92 1.69 0.758 0.256 8.72
1977 0.224 0.201 0.152 0.512 17.6 17.9 15.8 3.92 4.28 2.79 0.696 0.087 5.39
1978 0.048 0.028 0.023 0.023 7.04 20.8 40.1 23.4 7.72 4.81 1.77 0.635 8.95
1979 0.342 0.125 0.123 0.178 18.0 18.4 19.6 12.0 10.3 3.46 1.07 0.355 7.05
1980 0.152 0.157 0.184 0.304 7.8 4.7 16.6 11.0 22.1 7.68 0.781 0.189 5.99
1981 0.175 0.169 0.173 0.225 12.8 4.72 18.4 14.0 5.89 4.80 1.61 0.432 5.35
1982 0.153 0.135 0.140 0.218 24.0 20.1 4.88 16.0 2.73 1.91 0.850 0.298 6.00
1983 0.125 0.068 0.050 0.054 8.49 21.3 17.9 27.3 8.89 3.27 0.426 0.026 7.38
1984 0.005 0.006 0.012 0.124 19.6 4.29 13.8 2.56 0.375 0.073
1985 0.030 0.020 0.045 0.089 25.9 23.4 20.1 11.7 10.8 3.46 1.34 0.759 8.21
1986 0.496 0.298 0.111 0.052 21.6 18.4 17.2 10.9 9.28 3.51 0.668 0.595 6.98
1987 0.412 0.207 0.081 0.684 26.8 18.6 7.01 12.0 7.78 3.28 1.04 0.433 6.58
1988 0.192 0.167 0.211 0.499 26.7 11.0 23.0 15.7 6.14 3.20 1.66 0.786 7.50
1989 0.404 0.181 0.081 0.180 10.6 7.88 6.13 4.74 3.96 2.47 1.13 0.515 3.22
1990 0.262 0.113 0.065 21.8 76.8 17.0 8.48 3.65 19.0 5.88 0.960 0.317 12.9
1991 0.210 0.257 0.368 2.77 49.6 23.0 18.1 18.0 20.5 5.75 3.59 2.15 12.1
1992 1.10 0.447 0.488 1.37 52.2 33.7 36.2 12.4 16.5 4.92 2.02 1.10 13.6
1993 0.481 0.242 0.189 5.33 36.0 10.0 12.6 13.5 7.22 2.04 1.89 1.33 7.64
1994 0.675 0.294 0.162 7.91 19.1 9.01 3.03 2.27 0.529 0.286
1996 0.207 0.035 0.006 0.003 6.34 6.03 22.5 21.2 12.1 2.91 0.717 0.147 6.05
1997 0.045 0.028 0.022 0.049 28.7 38.8 26.5 24.4 11.0 3.85 1.78 0.661 11.4
1998 0.179 0.128 0.105 0.224 8.61 8.29 2.67 1.87 2.37 1.19 0.221 0.035 2.17
1999 0.022 0.018 0.019 0.173 9.60 22.0 6.31 4.18 8.94 3.12 0.356 0.074 4.57
2000 0.033 0.024 0.032 0.682 53.2 26.6 27.8 30.6 34.2 11.8 4.09 2.42 16.0
2001 1.28 0.708 0.571 1.76 15.3 35.4 33.9 19.5 14.8 5.42 2.54 1.09 11.1
2002 0.519 0.288 0.227 0.732 19.4 9.12 9.15 14.8 16.4 4.62 1.90 1.00 6.56
2003 0.543 0.264 0.132 3.98 12.3 18.5 20.1 11.7 7.09 4.67 1.63 0.655 6.84
2004 0.369 0.378 0.423 2.38 40.2 6.27 4.79 7.13 6.14 4.82 1.25 0.621 6.29
2005 0.434 0.352 0.336 7.00 14.8 8.64 11.8 12.8 16.4 6.10 2.13 0.446 6.80
2006 0.207 0.168 0.176 0.625 20.2 10.6 9.55 5.90 4.92 2.86 1.15 0.277 4.77
2007 0 0 0.040 2.83 23.3 8.93 11.0 6.80 7.61 3.66 0.852 0.276 5.49
2008 0.146 0.117 0.136 1.28 42.4 11.6 6.74 31.8 16.6 5.92 2.44 1.33 10.1
2009 0.864 0.652 0.587 1.70 45.1 19.0 3.59 4.33 4.78 2.75 1.64 0.755 7.20

Mean 0.309 0.189 0.167 1.96 25.5 16.7 17.1 13.5 10.41 3.99 1.34 0.592 7.78
Max 1.28 0.708 0.587 21.8 76.8 38.8 42.5 31.8 34.2 11.8 4.09 2.42 16.0
Min 0.0 0.0 0.006 0.003 6.34 4.70 2.67 1.87 2.37 1.19 0.221 0.026 2.17

Runoff mm 0.5 0.3 0.3 2.9 39.0 24.7 26.2 20.7 15.4 6.1 2.0 0.9 138.9

1993-2006
Mean 0.384 0.225 0.185 2.37 21.8 16.1 15.6 14.0 11.1 4.28 1.55 0.696 12.05

Runoff mm 0.6 0.3 0.3 3.5 33.4 23.8 23.9 21.4 16.5 6.6 2.3 1.1 133.6

2007-2009
Mean 0.337 0.256 0.254 1.94 36.9 13.2 7.11 14.3 9.66 4.11 1.64 0.787 6.89

Runoff mm 0.5 0.4 0.4 2.9 56.5 19.5 10.9 21.9 14.3 6.3 2.4 1.2 137.2

Lat 62°34'7" N Long Drainage Area 1750 km2
values revised by WSC since 2006

All Data 1974-2009

137°0'58" W

File - Big Creek.xls
Sheet - Monthly



CCL File 087.04
Memo CCL-MC6

July 2010

TABLE MC6-7 - Monthly Average Flows - Minto Creek W1 & W2 (42 km2)
Apr May Jun Jul Aug Sep Oct

1993 0.069
1994 0.312 0.058 0.095 0.007 0.073
1995 0.027 0.001 0.091 0.133
1996 0.031 0.024 0.324 0.146
1997 1.447 0.265
1998 0.161 0.003
1999 0.033
2000 1.004
2001 0.467
2002
2003 0.129
2004 0.118
2005 0.097 0.012 0.127 0.209 0.219 0.134
2006 0.203 0.354 0.150 0.020 0.0068 0.031
2007 0.645 0.175 0.053 0.061 0.025 0.034 0.035
2008 0.117 0.015 0.026 0.184 0.184 0.026
2009 0.868 0.351 0.249 0.139 0.026

Pre-Mine 1993 to 2006 Total
Average Flow m3/s 0.203 0.433 0.049 0.129 0.093 0.128 0.083

Average Runoff mm 12.5 27.6 3.0 8.2 5.9 7.9 5.3 70.6
% of Annual 17.8% 39.2% 4.3% 11.7% 8.4% 11.2% 7.5%

Mining Period 2007 to 2009
Average Flow m3/s 0.645 0.387 0.140 0.112 0.116 0.081 0.030

Average Runoff mm 39.8 24.7 8.6 7.2 7.4 5.0 1.9 94.6
% of Annual 42.1% 26.1% 9.1% 7.6% 7.8% 5.3% 2.0%

All Data 1993 to 2009
Average Flow m3/s 0.424 0.422 0.083 0.123 0.100 0.111 0.057

Average Runoff mm 26.2 26.9 5.1 7.9 6.4 6.8 3.6 82.9
% of Annual 31.6% 32.5% 6.2% 9.5% 7.7% 8.2% 4.3%

Monthly flows calculated by averaging all available flow data for a given month.  Average flow in months
  with only a single spot flow measurement assumed equal to the spot flow measurement.
Flows impacted by storage within and emergency releases from the Water Storage Pond in August and 
  September 2008 and in June through October 2009.

File - Big Creek.xls
Sheet - W1 W3 v. Big Creek CLEARWATER CONSULTANTS LTD.



CCL File 087.04
Memo CCL-MC6

July 2010

TABLE MC6-8 - Monthly Average Flows - Minto Creek W3 (10.4 km2)
Apr May Jun Jul Aug Sep Oct

1993 0.028
1994 0.101 0.028 0.039 0.011 0.028
1995 0.0035 0.017 0.027 0.008
1996 0.013 0.087 0.021
1997 0.554
1998 0.006
1999 0.006
2000
2001 0.16
2002
2003 0.037
2004 0.026
2005 0.046 0.008 0.014 0.017 0.022 0.02
2006 0.018 0.128 0.042 0.006 0.0149 0.0093 0.01
2007 0.0012 0.0118 0.0088 0.0062
2008 0.064 0.122 0.003
2009 0.026 0.106 0.092 0.124 0.110

Pre-Mine 1993 to 2006 Total
Average Flow m3/s 0.018 0.167 0.020 0.032 0.015 0.023 0.013

Average Runoff mm 4.6 43.0 5.1 8.1 3.9 5.6 3.3 73.6
% of Annual 6.2% 58.4% 6.9% 11.0% 5.4% 7.6% 4.4%

Mining Period 2007 to 2009
Average Flow m3/s 0.001 0.012 0.017 0.056 0.078 0.123 0.057

Average Runoff mm 0.3 2.9 4.3 14.5 20.1 30.6 14.6 87.3
% of Annual 0.3% 3.4% 5.0% 16.6% 23.0% 35.0% 16.7%

All Data 1993 to 2009
Average Flow m3/s 0.010 0.145 0.019 0.038 0.031 0.048 0.030

Average Runoff mm 2.4 37.3 4.8 9.7 8.0 11.9 7.8 81.9
% of Annual 3.0% 45.5% 5.9% 11.9% 9.7% 14.5% 9.5%

Monthly flows calculated by averaging all available flow data for a given month.  Average flow in months
  with only a single spot flow measurement assumed equal to the spot flow measurement.
Flows impacted by storage within and emergency releases from the Water Storage Pond in August and 
  September 2008 and in June through October 2009.

File - Big Creek.xls
Sheet - W1 W3 v. Big Creek CLEARWATER CONSULTANTS LTD.



CCL File 087.04
Memo CCL-MC6

July 2010

TABLE MC6-9 - Monthly Flows - Big Creek - 1993 to 2009 (1750 km2) 
Apr May Jun Jul Aug Sep Oct

1993 5.33 36 10 12.6 13.5 7.22 2.04
1994 7.91 19.1 9.01 m m 3.03 2.27
1995 m m m m m m m
1996 0.003 6.34 6.03 22.5 21.2 12.1 2.91
1997 0.049 28.7 38.8 26.5 24.4 11 3.85
1998 0.224 8.61 8.29 2.67 1.87 2.37 1.19
1999 0.173 9.6 22 6.31 4.18 8.94 3.12
2000 0.682 58.0 27.6 30 32.6 37 12.8
2001 1.76 15.3 37 38.2 19.5 14.8 5.42
2002 0.732 19.4 9.12 9.15 14.8 16.4 4.62
2003 3.98 12.3 18.5 20.1 11.7 7.09 4.67
2004 2.38 40.2 6.27 4.79 7.13 6.14 4.82
2005 7.00 14.8 8.64 11.8 12.8 16.4 6.10
2006 0.625 20.2 10.6 9.55 5.90 4.92 2.86
2007 2.83 23.3 8.93 11.0 6.80 7.61 3.66
2008 1.28 42.4 11.6 6.74 31.8 16.6 5.92
2009 1.70 45.1 19.0 3.59 4.33 4.78 2.75

Pre-Mine 1993 to 2006 Total
Average Flow m3/s 2.37 22.20 16.30 16.18 14.13 11.34 4.36

Average Runoff mm 3.5 34.0 24.1 24.8 21.6 16.8 6.7 131.5
Mining Period 2007 to 2009

Average Flow m3/s 1.94 36.93 13.18 7.11 14.31 9.66 4.11
Average Runoff mm 2.9 56.5 19.5 10.9 21.9 14.3 6.3 132.3

All Data - 1993 to 2009
Average Flow m3/s 2.29 25.0 15.7 14.4 14.2 11.0 4.31

Average Runoff mm 3.4 38.2 23.3 22.0 21.7 16.3 6.6 131.5
All Available Data - 1974 to 2009

Average Flow m3/s 1.96 25.5 16.7 17.1 13.5 10.4 3.99
Average Runoff mm 2.9 39.0 24.7 26.2 20.7 15.4 6.1 135.0

Monthly % of Mean Annual Runoff
1993 to 2006 2.5% 24.5% 17.4% 17.8% 15.6% 12.1% 4.8% 94.7%
2007 to 2009 2.1% 40.7% 14.1% 7.8% 15.8% 10.3% 4.5% 95.2%
1974 to 2009 2.1% 28.1% 17.8% 18.8% 14.9% 11.1% 4.4% 97.2%

File - Big Creek.xls
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TABLE MC6-10 - Summary of Average Monthly Streamflows and Runoff Distribution

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

Big Creek 09AH003 (1750 km2)
Average Flow m3/s 0.31 0.19 0.17 1.96 25.5 16.7 17.1 13.5 10.4 3.99 1.34 0.59 7.78

Average Runoff mm 0.5 0.3 0.3 2.9 39.0 24.7 26.2 20.7 15.4 6.1 2.0 0.9 138.9
% of Annual 0.3% 0.2% 0.2% 2.1% 28.1% 17.8% 18.8% 14.9% 11.1% 4.4% 1.4% 0.7% 100.0%

Minto Creek at W1 (42 km2)
Pre-Mining Conditions to 2006

Average Flow m3/s 0.203 0.433 0.049 0.129 0.093 0.128 0.083
Average Runoff mm 12.5 27.6 3.0 8.2 5.9 7.9 5.3 70.6

% of Annual 17.8% 39.2% 4.3% 11.7% 8.4% 11.2% 7.5% 100.0%
Mining Period 2007 to 2009

Average Flow m3/s 0.645 0.387 0.140 0.112 0.116 0.081 0.030
Average Runoff mm 39.8 24.7 8.6 7.2 7.4 5.0 1.9 94.6

% of Annual 42.1% 26.1% 9.1% 7.6% 7.8% 5.3% 2.0% 100.0%

Minto Creek at W3 (10.4 km2)
Pre-Mining Conditions to 2006

Average Flow m3/s 0.018 0.167 0.020 0.032 0.015 0.023 0.013
Average Runoff mm 4.6 43.0 5.1 8.1 3.9 5.6 3.3 73.6

% of Annual 6.2% 58.4% 6.9% 11.0% 5.4% 7.6% 4.4% 100.0%
Mining Period 2007 to 2009

Average Flow m3/s 0.001 0.012 0.017 0.056 0.078 0.123 0.057
Average Runoff mm 0.3 2.9 4.3 14.5 20.1 30.6 14.6 87.3

% of Annual 0.3% 3.4% 5.0% 16.6% 23.0% 35.0% 16.7% 100.0%

Notes
1)  Minto Creek assumed to glaciate with zero flow from November to March on average.
2)  April flows for W1 and W3 probably underestimate actual average monthly April flow due to lack of data during peak snowmelt.
3)  Flows at W3 during the mining period impacted significantly by releases of excess water from the Water Storage Pond.
      Spring runoff flows held in storage and not released until later in the summer/fall.
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Table MC6-11 - Estimated Wet and Dry Year Runoff

20 (Dry) 95% 64 42
10 (Dry) 95% 76 49
5 (Dry) 80% 94 61

Average 50% 133 86
5 (Wet) 20% 184 120

10 (Wet) 10% 216 140
20 (Wet) 5% 246 160
25 (Wet) 4% 255 166
50 (Wet) 2% 283 184
100 (Wet) 1% 311 202
200 (Wet) 0.5% 338 220

Percent of Big Creek Annual Runoff 65%

Notes
1)  Frequency analysis for Big Creek annual runoff based on 3-parameter log-Normal distribution
    with 32 points (1974 to 2009), Mean = 141 mm, Standard Deviation 57.4 mm. 
2)  Ratio of runoff for Minto Creek catchment based on flow data comparison with Big Creek
   and stations W1 and W3 over the period 1993 to 2009
3)  Annual Percent Probability is the probability of the indicated value being equalled or exceeded 
    in any single year.

Minto Creek Catchment 
Annual Runoff (mm)

Big Creek Annual 
Runoff (mm)

Return 
Period 

Annual 
Percent 
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APPENDIX 3 
Minto Creek Surface Water Hydrology Conditions 

Figures 
 

Figure MC6-1 – Minto Creek at W1 – Stage and Discharge Records 2007 

Figure MC6-2 – Minto Creek at W1 – Stage and Discharge Records 2008 

Figure MC6-3 – Minto Creek at W1 – Stage and Discharge Records 2009 

Figure MC6-4 – Minto Creek at W3 – Discharge and Release Records 2008 and 2009 

Figure MC6-5 – Monthly Runoff Distributions – Pre-Mining and Mining Periods 

Figure MC6-6 – Water Storage Pond – Elevation and Volume Variation 

Figure MC6-7 – Minto Main Pit – Water Elevation and Storage Volume Variation 
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FIGURE MC6-1 - Minto Creek at W1 - Stage and Discharge Records - 2007

W1 Water Level - 2007
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FIGURE MC6-2 - Minto Creek at W1 - Stage and Discharge Records - 2008

W1 Water Level - 2008
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FIGURE MC6-3 - Minto Creek at W1 - Stage and Discharge Records - 2009

W1 Water Level - 2009
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FIGURE MC6-4 - Minto Creek at W3 - Discharge and Release Records - 2008 & 2009

Minto Creek at Station W3 (Flume) ‐ 2008
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FIGURE MC6-5 - Monthly Runoff Distributions - Pre-Mining and Mining Periods

Monthly Runoff Distribution - Mining Period
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FIGURE MC6-6 - Water Storage Pond - Elevation and Volume Variation

Minto Water Storage Pond - Elevation Variation
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Minto Water Storage Pond - Volume Variation
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FIGURE MC6-7 - Minto Main Pit - Water Elevation and Storage Volume Variation

Minto Main Pit - Water Elevation
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