
Information Request 24.5 

Hydrostratigraphic Units  
 
References:  
EIS Guidelines    - Section 2.6.1.4, p. 32 (PDF 37)  
SID #14      - Section 4.2, p. 31 (PDF 33)  
 
Contributing IRs:  
NRCan-8 
 
Rationale:  
There is very little description of the conceptual groundwater model. More information is needed 
in order to understand the numerical modelling. 
 
Information Request:  
Provide additional information on the conceptual groundwater model, including details on the 
hydrostratigraphic units present (as per IR 24.4), the water budget and the groundwater flow 
system. 

SCI RESPONSE 

As requested, additional description of the conceptual site model (CSM) is provided in the 
following paragraphs. The format generally follows that of Anderson and Woessner (2002) 
which subdivides the CSM into three parts: hydrostratigraphic units, the groundwater flow 
system and a water budget. In general, it was found that hydraulic conductivity of the bedrock 
was low to very low and the majority of groundwater flow will occur within the upper few tens of 
metres of the ground surface. The data indicate that the very low hydraulic conductivity of 
bedrock at depth documented at the site precludes intermediate and regional flow systems from 
acting as significant contaminant transport pathways or sources of groundwater inflow to pits. 

Hydrostratigraphic Units 

The Conceptual Site Model (CSM) of the site contains four hydrostratigraphic units: a lower 
bedrock unit, an upper bedrock unit, a discontinuous overburden unit and a silt/clay overburden 
unit along the Pic River. 

The lower bedrock unit is the deepest unit at the site and extends across the entire site. The unit 
is comprised of the bedrock across the site below approximately 50 to 60 metres below ground 
surface (mbgs). Deep geotechnical borehole drilling and packer testing in the vicinity of the main 
pit did not encounter any significant water transmitting fractures, despite boreholes being 
located to intersect structural lineaments, and the measured hydraulic conductivity was on the 
order of 5 x 10-9 m/s, which is considered to be very low. 

Overlying the lower bedrock is the upper bedrock unit which is observed to be up to 60 m thick. 
The conceptual and numerical groundwater models used a thickness of approximately 60 m 
across the site, which is conservative to account for variations in the upper bedrock thickness. 



The boundary between the upper bedrock and the lower bedrock is gradational and dependant 
on the presence and characteristics of the fractures not the stratigraphy of the rocks. The two 
bedrock hydrostratigraphic units are generally comprised of the same geologic units. The 
hydraulic conductivity of the upper bedrock varies over more than three orders of magnitude 
depending on the presence and characteristics of the fractures and has a representative 
hydraulic conductivity on the order of 5 x 10-6 m/s. 

A thin layer (often less than 10 m thick) of overburden is present discontinuously over much of 
the site. This unit is generally thickest in topographic lows and thinnest or absent on steep 
slopes and at higher elevations. The composition of this unit varies greatly from fine grained silt 
and clay to coarse grained gravel and cobbles and a representative hydraulic conductivity for 
this unit would be on the order of 1 x 10-6 m/s but it also varies over orders of magnitude 
depending on its composition. 

The Pic River flows over a bed of silt and clay that is greater than 20 m thick. This 
hydrostratigraphic unit is limited in horizontal extent by the edges of the Pic River valley. The 
thickness of this unit and its relatively consistent stratigraphy distinguish it from the other 
overburden materials at this site. None of the boreholes drilled alongside the river reached the 
bedrock; the deepest hole was over 20 m deep. Hydraulic conductivities of this unit were 
determined to be low to very low and in the range of 10-7 to 10-9 m/s. 

Groundwater Flow System 

The observed depth to water within drill holes and monitoring wells consistently found water 
levels within a few metres of the ground surface, and generally at or near the bedrock-
overburden interface (with the exception of the wells near the Pic River where the overburden is 
significantly thicker). The results are consistent with the measured low hydraulic conductivity of 
the bedrock and indicate that the majority of groundwater flow will occur within the upper few 
tens of metres of the ground surface. 

The model of local, intermediate and regional flow systems as described in Toth (1963) has 
been the accepted model for groundwater flow in areas of low hydraulic conductivity such as the 
Canadian Shield of northwestern Ontario. However, new research (Sykes and others, 2009) on 
large scale groundwater flow in the Canadian Shield indicates that intermediate and regional 
flow may not be prevalent and water entering the subsurface at areas of recharge will exit the 
subsurface in the adjacent discharge area. There is not enough existing data from the depths at 
which intermediate and regional flow systems would exist to conclusively document whether or 
not they are present. However the low hydraulic conductivity of bedrock at depth documented at 
the site precludes intermediate and regional flow systems from acting as significant contaminant 
transport pathways or sources of groundwater inflow to pits. 

As a result, a flow pattern similar to those described by Sykes et al. (2009) is interpreted to be 
present where the majority of the groundwater flow is expected to occur at a local scale with 
infiltration occurring in the uplands and flow through the overburden and upper  bedrock to the 
adjoining ravines and valleys. The majority of the hydrogeological data collected to date is from 
depths (20 m or less) where groundwater flow is interpreted to be part of local flow regimes. 



Horizontal hydraulic gradients between groundwater elevations and the elevation of nearby 
surface water bodies consistently show a gradient from the groundwater to the surface water 
indicating groundwater is recharging surface water in the areas studied. This result is consistent 
with the CSM as most wells are installed in relatively low lying areas. 

Water Budget 

The steady state groundwater budget for the site is conceptualized as a balance between water 
entering the groundwater flow system, primarily as recharge, and water exiting the system, 
primarily as discharge to lakes, streams and wetlands. 

For the purposes of this discussion recharge is considered to be precipitation minus surface 
runoff and evapotranspiration, i.e. the water that falls as precipitation and reaches the water 
table. The other sources of water entering the groundwater flow system are surface water 
bodies in areas where flow is from the surface water body into the subsurface. However the 
extent of the areas is believed to be limited and the amount of water they contribute to be much 
less than that contributed by recharge. Other potential sources of water such as regional 
groundwater flow are not considered significant. 

Water is interpreted to exit the groundwater flow system almost exclusively as discharge to 
surface water bodies. Other potential discharge routes such as pumping from wells and entering 
regional flow systems are not considered to be significant. 

If considered over a year, the water budget would have a transitory element because the ground 
is frozen and/or snow covered during the winter which minimizes or eliminates recharge. This 
reduced recharge will result in a decrease in storage (i.e. lower water table) and a reduction in 
discharge to surface water bodies. Then in the spring when the accumulated snow melts 
recharge will increase resulting in an increase in storage (i.e. higher water table) and an 
increase in discharge to surface water bodies. 
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Information Request 24.6.1 

Determination of Hydraulic Conductivity  
 
References:  
EIS Guidelines     - Section 2.6.1.4, p. 32 (PDF 37)  
EIS Main Report     - Section 5.4.2, p. 5.54 (PDF 379)  

- Section 5.4.2.2.4, p. 5.56 (PDF 381)  
 
SID #14      - Section 3.2.3, p. 23 (PDF 25)  

- Section 4.3.2, p.31 (PDF 33)  
- Appendix D (PDF pp. 164-199)  

 
Contributing IRs:  
NRCan-6  
MOE-GW-11  
 
Rationale:  
Hydraulic conductivity (K) is one of the most important hydrogeological parameters and is a key 
input into the numerical 3D model that makes predictions on groundwater. However, the EIS 
does not adequately describe the field procedure used to determine K values and the zone of 
isolation for the packer tests is not specified. Further, the curve matching method and reference 
is not presented. The curves shown in Appendix D are highly variable and the line matching 
method does not seem to be consistent. Additionally, it is not clear where K values are derived 
from layers 3 through 5 of the 3D model or if K testing was conducted on bedrock deeper than 
about 20 m. 

Information Request:  
Provide a full explanation of how K values were determined. Clarify whether K testing was 
conducted on bedrock deeper than 20m, and justify the drilling that was undertaken for K 
testing. 

SCI RESPONSE 

Hydraulic Conductivity at Depths Greater than 20 metres 

Hydraulic conductivity tests at depths below 20 m were completed by Golder Associates 
(Golder) at six drill holes in the area of the open pits and the results are presented in Table W of 
SID #14. The hydraulic conductivity applied to layers 3 through 5 of the groundwater model was 
8 x 10-9 m/s, which is similar to, and also somewhat more conservative than, the hydraulic 
conductivities reported by Golder for depths greater than 50 m (6.4 x 10-9 m/s for 50 to 100 m, 
3.9 x 10-9 m/s for 100 to 150 m and 3.2 x 10-9 m/s for >150 m). The intervals tested by Golder 
ranged from approximately 20 m to 35 m thick and the bottom of the deepest interval was 
approximately 235 m below the top of the bedrock. 

  



Methodologies Used to Calculate Hydraulic Conductivities 

A general description of field methods utilized to conduct hydraulic conductivity tests are 
provided in Section 3.1.2 of SID #14. A more detailed discussion is provided in the following 
paragraphs. 

Three organizations (Golder Associates, True Grit Consulting Limited (TGCL) and Knight 
Piesold (KP)) have conducted hydraulic conductivity tests at various locations and depths 
across the property since 2007. The tests can be divided into two categories: rising head tests 
and packer tests. The methods used by each organization for each type of test are provided 
separately below.  

Golder Packer Tests 

Golder conducted packer tests during the advancement of six deep geotechnical boreholes in 
the area of the open pits. At total of 40 tests were completed at varying depth intervals. Golder 
described the testing and analysis technique as follows: 

The packer testing apparatus consisted of a double packer arrangement with one packer tube 
located within the drill rods immediately above the drill bit, and the other packer tube seated 
within the rock interval immediately below the drill bit. The top of the test interval was measured 
from the bottom packer and since packer testing was performed as drilling progressed, the 
bottom of the hole was used as the bottom of the test interval. 

The hydraulic conductivity test procedure typically followed the ‘falling head’ test procedure. 
Once packers were properly seated and inflated, a hydraulic head was applied to the rock mass 
via a column of water through the drill rods. A data logger device within the water column would 
record the drop of head within the water column over time. The ‘rising head’ test was performed 
on a couple of occasions to validate the results of the falling head tests. 

The packer test data was then reduced (Hvorslev, 1959)1 for the calculation of the bulk 
hydraulic conductivity, k (m/s), within the rock mass intervals. 

A summary of the hydraulic conductivity testing is presented in Table B1. These results are 
plotted in graphical format by vertical depth below the bedrock surface in Figure 7 of the main 
report. 

*The Golder report did not contain a references section and a quick search was not able to locate this citation. The classic Hvorslev 
paper was published in 1951 and the citation is provided in the References section below. 

Golder’s Table B1 is attached as Figure 24.6.1-1 and Golder’s Figure 7 is attached as Figure 
24.6.1-2. 

                                                           
1 The Golder report did not contain a references section.  It is believed that the correct reference is Hvorslev 1951, 
and this is the citation provided below. 



TGCL Packer Tests 

The packer tests undertaken by TGCL were completed in drill holes using a packer system 
similar to the system utilized by KP. Tests were conducted across intervals that contained water 
bearing fractures. Once the interval was isolated with the packers, a constant water pressure 
and level were maintained throughout each test and the volume of water injected versus time 
recorded. The hydraulic conductivity of the isolated zones was calculated using the formula 
below by taking into account the maximum volume of water that can be pumped into the aquifer 
while maintaining a constant head. 

Analysis of these packer tests used the following equation that is based on the Hvorslev method 
(Sevee, 2006): 

𝐾 =
𝑄

2𝜋𝐿𝐻
ln
𝐿
𝑟
 

Where K is the hydraulic conductivity, Q is the constant rate of flow into the test hole, L is the 
length of test interval, H is the differential head, r is the test hole radius and ln is the natural 
logarithm. 

KP Packer Tests 

KP described their testing and analysis technique as follows: 

Packer permeability testing was completed in drillholes advanced into bedrock using a double 
nitrogen packer system. The packer system consisted of a compressed nitrogen gas cylinder, a 
flexible nitrogen gas feed line, water tubing, an inflatable packer balloon/bladder, water supply 
line and pump, a flow meter and a pressure gauge. 

At least one packer permeability test was conducted in each drillhole advanced into bedrock. 
Packer permeability tests were conducted by first analyzing the rock core for a suitable zone to 
seat the packer. The packer system was then inserted into of the drillhole. The upper packer 
was seated on the core bit and the lower packer was seated against the walls of the drillhole, 
and then both packers were sealed against the drill rods/bedrock by inflation with compressed 
nitrogen gas. The water pump was adjusted to an acceptable level and water was pumped into 
the test zone at three incremental test pressures (typically 6, 10 and 14 psi). Water flow into the 
test zone was recorded at one-minute intervals over a five minute period. The data was then 
used to calculate the permeability of the rock mass. Before and after each packer test, 
equipment was inspected to ensure proper function. 

The packer test data were then analyzed using the method of Hvorslev (1951) to calculate the 
bulk hydraulic conductivity of the rock mass over the isolated interval. 

KP Rising Head Tests 

KP described their testing and analysis technique as follows: 



Rising head permeability testing was completed in the standpipe piezometers to estimate the 
permeability of the near surface bedrock. At least 2 tests were completed at each standpipe 
piezometer location. The calculations to estimate the permeability followed the procedures 
outlined by Hvorslev. 

TGCL Rising Head Tests 

At each of the existing monitoring wells except BH09-6A (which had insufficient water) rising 
head tests were performed by measuring the static water level, rapidly removing water from the 
well casing using the dedicated Waterra sampling system and then measuring the water level at 
predetermined intervals (either manually or with a data logging pressure transducer) as it 
returned towards the static level. The collected data were then analyzed using the Bouwer and 
Rice (1976) method for an unconfined aquifer. 

Best fit lines were placed through rising head data based on training, experience and 
professional judgement. In general the best fit line was matched to the portion of response that 
occurred after the initial refilling of the sand pack (if present) and before the deviations near the 
end of the test when head differences between the well and subsurface are minimal. 

Justify Drilling 

We are unclear how to respond to the last part of the information request concerning justification 
of drilling to determine conductivity.  Standard groundwater drilling methods were used and the 
contractors used were licenced under Ontario Regulation 903. 
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Information Request 24.6.2  

Ratio of Horizontal to Vertical Hydraulic Conductivity  
 
References:  
EIS Guidelines     - Section 2.7.2.3.1, p. 53 (PDF 58)  
EIS Main Report     - Section 6.1.1.2, p. 6.9 (PDF 515)  
SID #14      - Section 4, p. 31 (PDF 33)  
SID #15      - Section 3, p. 10 (PDF 16)  
 
Contributing IRs:  
MOE-GW-9  
 
Rationale:  
An appropriately justified and calibrated groundwater model is required to reasonably assess 
groundwater impacts (quantity and quality) for the purposes of the EA. In the groundwater 
model, as per what seems to be a standard modelling practice, SCI assumes that vertical 
hydraulic conductivity is one order of magnitude lower than the horizontal hydraulic conductivity. 
While it is understood that this practice is initiated to account for the typically horizontal layering 
found in most geological/aquifer situations, with the deep bedrock at this site, groundwater 
movement is likely controlled by faulting and fracturing. No evidence has been provided to show 
that there is a difference between the horizontal and vertical hydraulic conductivity used for 
groundwater modelling. 

Information Request:  
Justify the ratio of horizontal to vertical hydraulic conductivity used for groundwater modelling. 

SCI RESPONSE 

Anisotropy, in particular lower vertical hydraulic conductivity relative to horizontal hydraulic 
conductivity, is common in many if not most stratigraphic environments including fractured 
bedrock (Freeze and Cherry, 1979). As a result it is a standard groundwater modeling practice 
to decrease the vertical hydraulic conductivity and a reduction of one order of magnitude is 
common. No evidence has been gathered that anisotropy in hydraulic conductivity is not present 
at the site; as a result assuming anisotropy is present is consistent with industry standard 
methods. Furthermore the degree of anisotropy applied to the model does not change the 
results significantly as described further below.  

In the groundwater flow model, layers 2, 3, 4 and 5 represent rock and layer 1 represents a 
combination of rock and overburden. To assess the impact of the assumption noted above on 
the results of the model, the model was rerun with the vertical hydraulic conductivity increased 
by an order of magnitude so that it equalled the horizontal hydraulic conductivity. 

The flow into the open pits was calculated in the model after it was rerun and compared to the 
original results at three years, six years and eleven years, the same intervals originally reported.  



Year 3 6 11 
Anisotropic K 1,330 m3/day 1,237 m3/day 1,322 m3/day 
Isotropic K 1,444 m3/day 1,184 m3/day 1,367 m3/day 
Relative Percent Difference 8 -4 3 

 

As shown in the table above, the groundwater discharge rate to the pits varied from a decrease 
of 4% to an increase of 8%.  

In addition discharge from the mine rock storage area (MRSA) and process solids management 
facility (PSMF) to groundwater was also calculated in the model after it was rerun and compared 
to the original results. 

MRSA Horizontal Vertical Total 
Anisotropic K 321 m3/day 33 m3/day 354 m3/day 
Isotropic K 273 m3/day 76 m3/day 349 m3/day 
Relative Percent Difference -8 79 -1 

 

The groundwater discharge rate from the MRSA is not significantly different between the two 
versions of the model. However, when the vertical hydraulic conductivity is increased the 
amount of water flowing down into the deeper flow system increases and the amount of water 
flowing horizontally decreases. 

PSMF Horizontal Vertical Total 
Anisotropic K 831 m3/day 32 m3/day 863 m3/day 
Isotropic K 854 m3/day 77 m3/day 931 m3/day 
Relative Percent Difference 3 83 8 

 

The groundwater discharge rate from the PSMF is higher in the version of the model where the 
vertical hydraulic conductivity equals the horizontal hydraulic conductivity. The discharge flowing 
horizontally remains essentially the same while the discharge flowing vertically into the deeper 
flow system more than doubles. However since more than 90% of the flow is horizontal in both 
cases, the total discharge increases by less than 10%. 

When compared to other variables examined in the main report (recharge, grouting and zones 
of higher K), groundwater discharge to the open pits and from the MRSA and PSMF is relatively 
insensitive to increasing the vertical hydraulic conductivity so that it equals the horizontal 
hydraulic conductivity because the difference in total discharge varies less than 10%. 
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Information Request 24.7  

Fracture Zones at Depth  
 
References:  
EIS Guidelines     - Section 2.7.2.3.1, p. 54 (PDF 59)  
EIS Main Report     - Section 6.1.1.2, p. 6.9 (PDF 515)  
SID #15      - Section 4.3.2.1, p. 21, 22 (PDF 27)  
 
Contributing IRs:  
MOE-GW-10  
 
Rationale:  
The baseline study and groundwater models focus on local groundwater flow, and do not assess the 
regional flow or the deeper groundwater flow. In calibrating the model, the EIS does not include water 
level data for more than 25 m below ground surface. This approach is based primarily on the generally 
accepted assumptions about groundwater flow in the Canadian Shield, as outlined below:  

• deep groundwater flow is controlled by fracture systems;  
• the fracture systems are not extensive or open at depth, and they tend to have little continuity 

over any significant distance; and  
• shallow groundwater flow is also limited to areas of overburden and fractures in the upper 

weathered bedrock which generally do not demonstrate significant geographic extent. 

The EIS could better explain and justify assumptions made in the groundwater model through a more 
rigorous examination of boreholes for evidence of conductivity.  
 
Information Request:  
Comment on the potential for significant fracture zones at depth and provide information on any water 
levels from exploration boreholes completed to depth and any implications of this information on the 
calibration of the groundwater model. 

SCI RESPONSE 

Hydraulic conductivity of the bedrock was evaluated at depth as part of six geomechanical drill holes 
completed by Golder for the preliminary pit wall designs for the open pit. The hydraulic conductivity of 
the bedrock was evaluated using in situ packer permeability testing and the determination of the 
hydraulic conductivities is discussed in the response to IR 24.6.1. The in situ packer permeability test 
work is summarized in SID # 14 to the EIS and is reported on by Golder (2007).  

The hydraulic conductivities from Golder’s work were used in the initial development of the groundwater 
model and characterization of the hydrostatigraphic units. The hydrostatigraphic units are shown in 
section included in the response to IR 24.4 and are discussed in the response to IR 24.5. The in situ 
testing evaluated specific sections over the entire depth of the drillholes. The evaluated sections 
intersected fracture zones at depth as well as a fault (linament A). The hydraulic conductivities for the 
hydrostatigraphic units were assigned conservative values to account for the potential variation in 
hydraulic conductivities at depth, which is discussed in SID #14 of the EIS submission.  

The measured hydraulic conductivities from the Golder drillholes versus depth are shown on Figure 
24.7.1. Golder (2007) characterized the rock as “tight” with moderate to low hydraulic conductivity that 



decreased significantly with depth following an ideal asymptotic trend which is illustrated by the 
measured data. Drillhole GD06-03 (Figure 24.7-2) is interpreted to have intersected lineament A at 
depth. Lineament A is the main lineament that crosses the proposed pit and is characterized as a fault-
type zone with a slight increase in hydraulic conductivity compared to that in rock outside of the 
lineament. The fault type zone is similar to other faults intersected in the open pit area as part of the 
exploration drilling which are typically characterized by one to three sub-parallel zones that are less than 
1 to 2 m thick and are spaced about 5 to 10 m apart. The 1 to 2 m thick zones consist of healed chlorite-
talc-hematite fractures and less than 10 cm of fault gouge.  The faults are of normal style with sub 
vertical movement. Movement along the fault intersected by GD06-03 was approximately 50 m with the 
north side moving down. The measured hydraulic conductivity in the fault does not indicate that it would 
pose a significant conduit for groundwater flow into the open pit and hydraulic characteristics are similar 
to the host rock mass.  

Observations from the locally intersected facture zones and faults at depth in the pit area do not suggest 
that there is continuity between the structures over any significant distance. Faulting in the Coldwell 
Complex was caused by subsidence of the complex at the end of the magmatic event approximately 1.1 
billion years ago. Thus the observed conditions at the project site are expected to be representative of 
the factures zones and faults on a regional scale surrounding the open pit.  

A comparison of the water levels predicted by the regional groundwater model to the measured values 
in monitoring wells do not indicate any geologic features that act as preferential pathways for 
groundwater flow.  The model results were consistent with the results of the packer tests and there is no 
indication of high hydraulic conductivity zones at depth which would have significant effects on 
groundwater flow.  

Exploration drillholes are not suitable for meaningful water level measurements.  Typically, packer tests 
are completed within exploration boreholes to characterize specific intervals within the bedrock. 

References  
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Information Request 24.8  

Water Table Elevation  
 
References:  
EIS Guidelines     - Section 2.6.1.4, p. 32 (PDF 37)  
SID #14      - Section 3.2.4, p. 26 (PDF 24)  
 
Contributing IRs:  
NRCan-7  
 
Rationale:  
The water table elevation was not contoured based on the measured elevations. This is an 
important groundwater model input parameter and requires a detailed discussion as to how the 
water table elevation was contoured and how the measured elevations were utilized.  
 
Information Request:  
Describe and justify how the water table elevation was contoured; explain how measured 
elevations were used to confirm results. 

SCI RESPONSE 

As stated in Section 3.2.4 of SID #14, simply contouring measured groundwater elevations 
would not produce a result representative of the groundwater table due to site characteristics 
(i.e. topography) and the number of monitoring wells relative to the size of the site. Instead site 
data, experience at similar sites, and a review of relevant literature were used to construct a 
conceptual site model (CSM). Based on this CSM, which is further described in the response to 
Information Request 24.5, the groundwater table is anticipated to be a subdued expression of 
(or will mimic) the project site’s rugged topography with relatively short groundwater flow paths 
from recharge areas at higher elevations to adjacent discharge areas at lower elevations, 
including surface water bodies and wetlands. One of the factors involved in choosing the 
locations of the existing monitoring wells was the ability of data collected from the wells to assist 
in the ongoing evaluation of the CSM; the groundwater elevations in the wells to date are 
consistent with the CSM.  It is not practical, nor is it necessary, to install large numbers of 
monitoring wells to understand the nature of the water table in such terrain.  The conceptual 
model presents an understanding of the water table in the area.  Monitoring wells were installed 
in key areas in order to confirm the conceptual model and to demonstrate the shallow water 
table levels in the lowlands and valleys and somewhat deeper water table levels in the upland 
areas.  

Rather than presenting contours inferred from measured groundwater elevations, the head 
distribution from the calibrated steady state groundwater flow model (the construction of which 
was informed by the CSM as well) was presented as a representation of the groundwater table 
across the site in Figure 8 of SID #14. The steady state groundwater flow model was calibrated 
with observed groundwater elevations, and the calibration achieved was well within industry 
standards. The calibration was presented as Figure D in SID #14 and is reproduced as Figure 



24.8-1 below. The contours presented in Figure 8 of SID #14 are consistent with the measured 
groundwater elevations, while also incorporating other site features represented in the model 
such as topography and surface water bodies. 

 

Figure 24.8-1 Steady state groundwater flow model calibration plot. 

Groundwater elevations are not typically utilized as input parameters into groundwater flow 
models; rather, the water levels are calculated in the model and the measured levels are utilized 
to calibrate the model after other parameters values such as hydraulic conductivity, topography, 
and boundary conditions have been specified in the model.  Some model inputs are typically 
varied in the calibration process to achieve an acceptable agreement between the predicted and 
measured water table levels.  That is the process utilized in the creation and calibration of the 
groundwater flow model for the project. 



Information Request 24.13 

Monthly Mean Precipitation Data 
References: 
EIS Guidelines    - Section 2.6, p. 28 (PDF 33) 

- Section 2.6.1, p. 29 (PDF 34) 
- Section 2.6.1.2, p. 32 (PDF 37) 

SID #20      - Section 3.0, p. 13 (PDF 20) 
- Section 3.2, p. 13 (PDF 20) 
- Section 3.4, p. 18 (PDF 25) 
- Section 5.0, p. 28 (PDF 35) 
- Section 5.1, p. 28 (PDF 35) 

 
SID #21     - Section 4.0, p. 19 (PDF 29) 

- Section 4.1, p. 19 (PDF 29) 
- Section 4.3, p. 21 (PDF 31) 

 
Contributing IRs: 
EC-29 
 
Rationale: 
SID #20 reports that monthly mean precipitation data was obtained from the Marathon 
weather station for the period of 1952 to 1983.  This data was used to establish the water 
balance and to conduct the impact assessment.  Some of the comments received from 
participants indicated that a long-term data record using more recent observations for 
precipitation may have produced more reliable and accurate results. 
 
Precipitation data from 1952 to 1998 are available from the Marathon weather station. Data 
from 1981 to 2012 are available from a nearby station at Geraldton and data from 1983 to 
2007 are also available at Pukaskwa National Park.  A comparative analysis of mean 
monthly precipitation data derived from the weather stations at Marathon, Geraldton and 
Pukaskwa between the periods from 1983 to 1998 where their datasets overlap would 
identify the degree to which the two data sets match in order to determine if the longer set 
should be used in the water balance predictions and impact assessment. 
 
Information Request: 
Further to IR 10.7, provide a discussion and statistical analysis to explain the degree to 
which the monthly mean for precipitation derived from the longer data (i.e. using Pukaskwa 
and Geraldton stations) differs from the precipitation derived from the shorter set that was 
used.  
 
Based upon the above comparison, explain how the differences could affect the water 
balance predictions and the impact assessment related to water quantity and quality. 
 
  



SCI RESPONSE 

In SID #20 (Baseline Hydrologic Conditions at the Marathon PGM-Cu Project Site), 
recorded precipitation data at select climate stations within 35 km of the project site were 
reviewed.  Based on this review, the average monthly precipitation values for the Marathon 
Climate Station (ID # 6044959) from 1952 to 1983 inclusive were applied for analysis of 
“normal” conditions.  The data from this Climate Station are based on 32 years of record 
with average monthly precipitation values computed as the arithmetic mean. 
 
It should be noted that the World Meteorological Organization (WMO) standard 
climatological period for calculation of “climate normals” is thirty years.  As described by 
Environment Canada in the National Climate Data and Information Archive 
at www.climate.weatheroffice.gc.ca, the WMO considers thirty years long enough to 
eliminate year-to-year variations.  Therefore, use of the 32 years of record from the 
Marathon Climate Station is considered reasonable and reliable for use as input for water 
balance and water quality predictions. 
 
Notwithstanding the above, consistent with the Information Request, data from additional 
climate stations were reviewed to assess the degree monthly precipitation derived from a 
longer data set would differ from the precipitation data set that was applied in the analysis.  
In total, data from nine climate stations were reviewed.  The climate stations considered are 
summarized in Table 24.13.1 and the location of each respective station shown on Figure 
24.13.1.  As shown on Figure 24.13.1, the Geraldton A and White River climate stations are 
located further inland than the other stations.  These stations have the lowest average 
annual precipitation. 
 
The average values for several stations (i.e. Marathon Airport, Pukaskwa National Park, 
and Hemlo Battle Mountain), are slightly different from those originally presented in Table 
3.2.1 of SID #20, as months with incomplete data flags were excluded from this analysis, 
but included in the original calculations. 
 
The monthly average precipitation was calculated for the entire data period for each of the 
followings stations: 
 

• Marathon 
• Marathon Airport 
• Pukaskwa National Park 
• Hemlo Battle Mountain 
• Terrace Bay 
• Terrace Bay A 
• a composite station comprised of all of the above stations 

 
The calculated monthly average precipitation values for the respective climate stations and 
composite station are presented in Table 24.13.2.  The composite station is based on data 
from multiple climate stations spanning 55 years (1952 to 2006).  Monthly average 
precipitation was computed as the arithmetic mean.  As shown, by inspection, monthly 
average precipitation values associated with the composite station are comparable to those 
associated with the Marathon Climate Station.  The average annual precipitation for the 
composite station is 833.4 mm and the average annual precipitation for the Marathon 
Climate Station is 826.5 mm.  This represents a difference of +6.9 mm or +0.8% relative to 

http://www.climate.weatheroffice.gc.ca/


the Marathon Climate Station.  Illustrated in Figure 24.13.2 are monthly average 
precipitation values for the two respective stations.  
 
Data from the Geraldton A and White River climate stations were not considered in the 
analysis as they are located further inland than the other stations and not considered 
representative of the study area. 
 
Based on this analysis, the use of the 32 years of record from the Marathon Climate Station 
is considered reasonable and reliable for use as input for water balance and water quality 
predictions. 
 



 
 

FIGURE 24.13.1:  CLIMATE STATION LOCATIONS 
 



TABLE 24.13.1 
SUMMARY OF CLIMATIC STATIONS UNDER CONSIDERATION 

Station Name Station 
ID Data Record 

Distance 
from 

Site (km) 

Elevation 
(m) Latitude Longitude 

Average 
Annual 

Precipitation 
(mm) 

Average 
Annual 

Snowfall 
(mm) 

Mean 
Temperature 
Range (°C) 

Marathon 6044959 1952 – 1983 
(32) 8 km (SW) 189.0 48°43'00" N 86°24'00" W 826.5 238.1 -13.9 to 14.6 

Marathon 
Airport 6044961 1989 – 1999 

(11) 4 km (SW) 315.5 48°45'20" N 86°20'40" W 890.9 261.6 -13.9 to 14.8 

Pukaskwa Nat. 
Park 6046770 1984 – 2004 

(21) 15 km (S) 192.0 48°36'00" N 86°18'00" W 811.7 219.7 -13.5 to 15.6 

Pukaskwa 
(AUT) 

6046767 1996-2012 
(17) 15 km (S) 207.6 48°35'18" N 86°17'41" W - - - 

Hemlo Battle 
Mountain 6043452 1986 – 2001 

(16) 30 km (E) 335.0 48°42'00" N 85°53'00" W 809.7 223.8 -14.5 to 16.8 

Geraldton A 6042716 1981-2012 
(32) 125 km (NE) 348.4 49°46'58" N 86°55'50" W 758.3 241.2 -18.5 to 17.3 

Terrace Bay  6048230 1972-1999 
(28) 60 km (W) 289.0 48°48'00" N 87°06'00" W 811.5 210.3 -14.7 to 15.1 

Terrace Bay A 6048231 1996-2006 
(11) 60 km (W) 289.6 48°49'00" N 87°06'00" W 906.8 267.6 -14.4 to 15.8 

White River 6059475 1886-1976 
(91) 76 km (E) 378.9 48°36'00" N 85°17'00" W 749.0 260.2 -17.6 to 15.9 

Notes: 
1. Units: km – kilometres; m – metres; mm – millimetres; °C – degrees Celsius. 
2. Average annual precipitation and snowfall values represent the sum of the average values for each individual month. 
3. Months with missing or incomplete data flags were excluded from the analysis. 
4. The Pukaskwa AUT station had few complete entries.



 
FIGURE 24.13.2: PRECIPITATION AMOUNTS FOR THE COMPOSITE WEATHER STATIONS 

AND THE PRECIPITATION DATA USED IN THE BASELINE REPORT 
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TABLE 23.13.2: AVERAGE MONTHLY PRECIPITATION BY STATION – ENTIRE DATASET 
 

Month Marathon 
(1952-1983) 

Marathon 
Airport 

(1989-1999) 

Pukaskwa 
National Park 
(1983-2004) 

Hemlo 
Battle 

Mountain 
(1986-2001) 

Terrace Bay 
(1972-1999) 

Terrrace 
Bay A 

(1996-2006) 
 

Composite 
All Stations 
(1952-2006) 

Original 
Analysis 

per SID#20 
(1952-1983) 

January 67.3 62.6 52.6 52.1 55.3 59.8 63.1 67.3 
February 49.9 44.1 30.3 44.4 37.1 48.0 44.7 49.9 
March 59.3 26.9 41.5 29.4 44.1 55.0 49.6 59.3 
April 55.7 44.0 45.2 44.1 42.7 59.2 51.9 55.7 
May 65.7 88.4 70.9 82.7 74.8 90.6 73.4 65.7 
June 79.9 76.2 82.8 75.7 90.1 78.0 81.4 79.9 
July 74.7 96.2 84.1 84.6 80.5 64.4 76.0 74.7 
August 80.1 80.6 74.4 90.3 86.4 77.1 81.4 80.1 
September 90.6 115.7 103.1 102.9 102.1 97.7 95.9 90.6 
October 75.6 95.5 97.6 87.6 89.8 130.9 87.8 75.6 
November 65.6 89.8 73.6 57.3 53.4 81.4 67.6 65.6 
December 62.0 71.0 55.5 58.4 55.3 64.9 60.6 62.0 
TOTAL: 826.5 890.9 811.7 809.7 811.5 906.8 833.4 826.5 

Notes: 
1. Units are in millimetres. 



Information Request 24.14 

Baseline Hydrologic Conditions - Barometric Data 
References: 
EIS Guidelines    - Section 2.6.1.4.1, p. 32 (PDF 37) 
SID #20     - Section 4.4, p. 23 (PDF 30) 
 
Contributing IRs: 
MNR-D-6 
 
Rationale: 
The EIS does not provide a correction for barometric data in 2010 for the stations recorded 
during this period. 
 
Information Request: 
Provide the scientific rationale for the use of 0.73 as the coefficient correlation for 
barometric data. 
 
 
SCI RESPONSE 

We have inferred from the Information Request that with barometric compensation of the 
2010 data set there would be the potential for improvement in the relationship established 
for the rating curves.  Based on this we have both barometrically compensated the 2010 
data set and augmented with information collected in 2012. While the barometric 
compensation improved the rating curve relationships for several sites, a better relationship 
for S14 was not obtained as discussed in detail below. 
 
As reported in Section 4.4 of SID #20 (Baseline Hydrologic Conditions at the Marathon 
PGM-Cu Project Site), in 2010 the barologger instrumentation associated with the 
streamflow monitoring program malfunctioned.  For the streamflow monitoring program, the 
barologger instrumentation was used to adjust recorded water pressure to water level as 
the installed instrumentation in the streams recorded absolute pressure which includes 
atmospheric (barometric) pressure.  The 2010 data set has been reviewed and recorded 
information compensated for barometric pressure.  
 
Barometric pressure readings recorded by Environment Canada at the Pukaskwa AUT 
Climate Station (ID #6046767) were used to correct the recorded 2010 streamflow data at 
S11, S14, and S41.  The recorded hourly barometric pressure data at the Pukaskwa AUT 
Climate Station was interpolated to provide a 15 minute interval data set to match the 
recording interval associated with the streamflow monitoring program.  As the Pukaskwa 
AUT Climate Station is at a different location and altitude than the streamflow monitoring 
locations, the barometric pressure readings at the Pukaskwa AUT Climate Station were 
adjusted to account for the altitude difference.  
 
Based on the revised streamflow data set, the rating curves were re-determined for each 
streamflow monitoring station.  The updated rating curves are summarized in Table 
24.14.1.  This table updates Table 4.3.1 in SID #20.  In addition to the updated 2010 data, 
information is included in Table 24.14.1 for streamflow monitoring data collected in 2012. 



 
Summarized in Table 24.14.1 is the Coefficient of Determination (R2) associated with the 
Rating Curves: the closer the value to 1 the greater the association between flow (Q) and 
water level (h).  As shown, the R2 values ranged from 0.71 to 0.97.  The lowest Coefficient 
of Determination value is associated S14 (e.g., 0.71 in Table 24.14.1 and 0.73 in Table 
4.3.1 in SID #20).  This streamflow monitoring site (S14) is seasonally affected by beaver 
activity which results in the greater relative variability associated with the flow versus water 
level relationship, and thus the lower R2 value. Nonetheless, the rating curve relationship 
established for S14 was found to provide the best fit to available data.  A series of 
alternative relationship and data transformations were tested but not found to provide a 
better representation of the data.  In addition, it was found that with barometric 
compensation a better rating curve relationship could not be determined.



TABLE 24.14.1 
LSA STREAMFLOW MONITORING STATIONS, 2008 – 2012 

 

Station 
Name 

Continuous 
Monitoring Period 

Manual flow 
Measurements 

Drainage 
Area  
(km2) 

Latitude Longitude Rating Curve 
Equation used2 R2 

S15 7/8/2008 – 11/20/2008 5 2.05 48°46'18.3" N 86°21'09.1" W Q = 0.093h - 0.016 0.85 

S22 7/8/2008 – 11/20/2008 5 3.52 48°47'19.6" N 86°21'31.9" W Q = 404.876h9.928 0.89 

S10 4/20/2009 – 11/5/2009 6 5.63 48°47'11.4" N 86°22'34.0" W Q = 0.005e9.773h 0.91 

S11 

5/8/2009 – 11/5/2009 
5/3/2010 – 10/29/2010 

4/13/2011 – 10/31/2011 
29/03/2012 – 25/08/2012 

 

7 
4 
3 
4 

45.98 48°46'26.4" N 86°24'27.0" W 

Q = 0.0496e6.4136h 

Q = 0.004217e9.58825h 

Q = 0.004217e9.58825h 

Q = 0.0886e5.2844h 

 

0.81 
0.97 
0.97 
0.77 

 

S14 
4/20/2009 – 11/5/2009 
5/3/2010 – 10/29/2010 

5/12/2011 – 10/29/2011 

8 
4 
3 

4.89 48°46'7.4" N 86°22'44.9" W Q = 0.002604e5.808847h 0.71 

S41 3/8/2009 – 11/4/2009 
5/6/2010 – 11/11/2010 

4 
3 

14.19 48°48'11.9" N 86°22'35.6" W Q = 0.017439e10.573504h 0.88 

Note: 
1. Units: km2 – square kilometre, m3/s – cubic metres per second.  
2. In these equations, Q represents flow rate in m3/s, and h represents the recorded water level in metres. 
3. R2: Coefficient of Determination – the closer the value is to 1, the greater the degree of association between Q and h. 
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