
Additional Information Request # 19  

Impacts of PSMF Discharge to Hare Lake 

Related Comments: 

CEAR #599 (Ministry of the Environment) 

CEAR #600 (Environment Canada) 

In SIR #5 the Panel requested SCI to provide a comprehensive summary of baseline conditions and function for 
Hare Lake, pulling together data and information collected as part of the EIS and additional data and 
information collected in 2013. 

In its comments on SCI’s response to SIR #5, the Ontario Ministry of the Environment (MOE) noted that the 
description of baseline conditions was adequate, and further noted that the results of the modelling 
undertaken by EcoMetrix included in the response to SIR #5 firmly concluded that there will be “no impact” to 
Hare Lake. The MOE requested further information to better understand how this conclusion was derived, to 
verify the accuracy of this prediction, and to evaluate the adequacy of the inputs and the corresponding 
outputs, leading to an assessment of the impacts of the PSMF discharge to Hare Lake. 

The Panel requests that SCI: 

 Provide the CORMIX input data and a sensitivity analysis that identifies the assumptions and numeric 
inputs that influence modeled predictions. 

 Environment Canada (EC) noted that as Hare Lake is oligotrophic, increased nitrogen inputs from 
blasting residues could lead to eutrophication and other changes in the system. In this regard, EC 
found it unclear how blasting residues have been factored into the effluent quality predictions. 

 To address the potential for increased nitrogen inputs to the Hare Lake system: 

 Clarify how blasting residues were factored into the effluent predictions with an emphasis on the 
nitrogen concentrations predicted in the discharge to Hare Lake from the PSMF. 

SCI Response: 

Part 1 

The proposed discharge of excess water from the PSMF to Hare Lake will be through an engineered, offshore, 

submerged, multiport diffuser, designed to maximize the mixing potential and minimize the spatial extent of 

the mixing zone.  

A mathematical model referred to as CORMIX (Cornell Mixing Zone Expert System) was used to predict the 

rate of mixing of the discharge with distance downstream from the diffuser (hence, the spatial extent of the 

mixing zone). CORMIX was developed by Cornell University (Jirka and Akar, 1991), is supported by the United 

States Environmental Protection Agency, and is a widely recognized model for the analysis of mixing 

characteristics.  

The conceptual design for the diffuser used in the assessment of potential effects consisted of a diffuser line 

with 10 evenly spaced nozzles with each nozzle approximately 0.051 m in diameter (approximately 2 inches). 

The diffuser line is located approximately 10 m offshore in approximately 3 m of water and extends parallel to 

the shoreline due to the steep gradient of the nearshore bottom within its vicinity.  



The exact design configuration will be optimized as required during the engineering design and permitting 

phase to ensure optimal performance of the diffuser specific to site conditions including consideration of the 

use of “duck-billed” nozzles to account for variable discharge rates. 

Sample model input and output files are provided in Figure 1 through Figure 4, below. The files present an 

example of one model scenario. The response to AIR 19 Part 2 provides results for a broader range of model 

runs as part of the sensitivity analysis. Table 1 and the points below summarize the parameter values for this 

example. 

Table 1: Parameter Values for Sample Model Run 

Run Diffuser length Exit  
velocity 

Water  
depth 

Current 
velocity 

Discharge  
rate 

Discharge 
density 

 m m/s m m/s m3/s kg/m3 

Example 3 3.9 3 0.05 0.08 998.784 

 

 Exit velocity refers to the speed at which the discharge water exits the individual nozzles along the 

diffuser line. The magnitude is determined from the discharge rate, number of nozzles and diameter of 

the nozzles. Typical engineering design may range from 3 to 8 m/s. High velocities may lead to 

excessive pumping requirements, whereas low velocities (less than 0.5 m/s) may lead to undesirable 

sediment accumulation. The target value used in this example was 3.9 m/s corresponding to the 

discharge rate of 0.08 m3/s and proposed nozzle configuration (10 nozzles each with 0.051 m 

diameter). 

 The current velocity refers to the speed (and direction) of the ambient flow in the vicinity of the 

diffuser. A value of 0.05 m/s was used for this example. A broader range is provided in the sensitivity 

analysis. This current speed corresponds to the maximum value recorded in Hare Lake over a 3 day 

field program in October 2012. A total of 25 measurements were made using drogues. The measured 

velocities ranged from 0.001 m/s to 0.05 m/s with a median of 0.01 m/s. 

 The discharge rate refers to the release of water from the PSMF to Hare Lake. A value of 0.08 m3/s was 

used for this example. During the first number of years of operation as Cell 1 of the PSMF fills, the 

mine is not expected to discharge water to Hare Lake. During later years of operation, the mine may 

discharge periodically during the ice free period to manage on-site waters. During these periods, the 

discharge rate is expected to range from approximately 0.01 to 0.08 m3/s, corresponding to summer 

and freshet.  

 The density of the discharge water was 998.784 kg/m3 for this example, corresponding to a TDS 

concentration of 200 mg/L and temperature of 18oC. The density of the ambient water in the lake was 

998.633 kg/m3, corresponding to a TDS concentration of 0 mg/L and temperature of 18oC. The 

sensitivity analysis considered a broader range of densities relating to hypothetical conditions to 

demonstrate the insensitivity of the diffuser performance to density. 

Figure 1, Figure 2 and Figure 3 present the input files for the model runs, corresponding to effluent 

characteristics, ambient characteristics and discharge characteristics. Figure 4 presents the output files for the 

model run. The sub-model, CORMIX2, was used to assess mixing potential of all nozzles together. 

For this scenario, the diffuser achieves a mixing potential of approximately 30:1 within approximately 40 m 

from the diffuser (measured in the offshore direction from the diffuser line)—referred to as the mixing zone 

for the purpose of this discussion. At this point, the plume is approximately 6 m wide (based on a half-width of 

approximately 3 m).   



Figure 1: Sample Model Input File – Effluent Characteristics 

 



Figure 2: Sample Model Input File – Ambient Environment 

 



Figure 3: Sample Model Input File – Discharge Configuration 

 

 

 



Figure 4: Sample Model Output – Mixing Potential Predicted Using CORMIX 

 

 

 

 

 

 

  



Part 2, CORMIX Sensitivity Analysis 

The model prediction presented in Part 1 represents one scenario based on the input data shown above. The 

discussion below considers a broader range of conditions to help optimize the design of the diffuser and to 

assess the sensitivity of the model predictions to various parameter values. The sensitivity analysis considered 

parameters that characterize the diffuser (see Table 2) and parameters that characterize the ambient 

environment and discharge water (see Table 3).  

Table 2: Sensitivity Analysis – Diffuser Characteristics 

Parameter Base Case Sensitivity Analysis 

 Value Rationale Value Rationale 

Diffuser length 10 m First assumption 3 to 20 m Realistic range 

Exit velocity 3.9 m/s First assumption 1.8 to 7.0 m/s Realistic range 

Water depth 3 m Expected 2 to 5 m Extreme range 

 

Table 3: Sensitivity Analysis – Ambient Characteristics and Discharge Water Characteristics 

Parameter Base Case Sensitivity Analysis 

 Value Rationale Value Rationale 

Current velocity 0.01 m/s Median 0.001 to 0.1 m/s Extreme range 

Discharge rate 0.08 m3/s Expected freshet 0.01 to 0.15 m3/s Extreme range 

Discharge density 998.784 kg/m3 Expected summer 999.47 and 1000.16 kg/m3 Unrealistic extreme 

 

A total of 20 model runs are provided below. Table 4 summarizes the parameter values used in each of the 

runs, and Table 5 summarizes the results for each run. The first ten runs were used to further optimize the 

diffuser configuration, and the remaining ten runs were used to test sensitivity to parameter values.  

The model results presented in Table 4 show the configuration of the mixing zone as predicted using CORMIX. 

The mixing zone is characterized by the alongshore and offshore distances from the diffuser to the point at 

which 30:1 mixing potential is achieved. The width of the plume refers to the width measured normal to the 

trajectory of the plume at the edge of the mixing zone. A small mixing zone is generally preferred. 

Optimization of the diffuser considered the length of the diffuser line, the exit velocity of the discharge water 

through the nozzles, and the water depth at the point of installation. The orientation of the discharge was not 

assessed in this sensitivity analysis due to the physical characteristics and constraints caused by the nearshore 

bottom (that is, steep bed slope, and irregular and rocky substrate). The following points summarize the 

findings: 

 The analysis considered a diffuser length ranging from 3 to 20 m. A longer diffuser often has the 

advantage of distributing the discharge water over a broader area, but a shorter diffuser can have the 

advantage of enhancing near-field mixing. The model results show that shorter diffuser optimizes 

mixing potential, and provides for a smaller mixing zone than a larger diffuser. As such, the diffuser 

length was reduced from 10 m to 3 m for all subsequent sensitivity runs.  

 Exit velocity considers the speed at which the discharge water exits the nozzle (as discussed further in 

Part 1). It relates to the number and diameter of the nozzles, so exit velocity effectively addresses two 

physical characteristics of the diffuser design. As shown by the model results, a higher exit velocity 

achieves improved mixing potential as compared to a lower exit velocity. However, a high exit velocity 

is not always desired since it may lead to excessive pumping requirements. As such, the nozzles were 



configured to achieve a mid-range exit velocity based on 10 nozzles with approximately 0.051 m 

diameter. 

 The diffuser may be placed in water depths ranging from 2 to 5 m subject to site conditions and final 

design. The model results show greater mixing potential if placed at 5 m compared to a placement at 2 

m. The target depth is 3 m. 

Parameter sensitivity considered current velocity, discharge rate and discharge water density. These 

parameters demonstrate the potential change in mixing potential under a broad range of conditions. The 

following points summarize the findings: 

 The recorded current measurements in Hare Lake range from 0.001 to 0.05 m/s with a median of 0.01 

m/s. The model results show greater mixing potential at low currents as compared to high currents. 

The offshore distance to the edge of the mixing zone is relatively insensitive to the current velocity, 

whereas the alongshore distance is sensitive. The physical size of the mixing zone is predicted to 

remain within approximately 40 m distance of the diffuser under the range of recorded current 

velocities. 

 The discharge rate from the PSMF is expected to remain within the range 0.01 to 0.08 m3/s 

corresponding to summer and freshet conditions. A worst case condition of 0.15 m3/s is assumed. The 

model results show potential for a larger mixing zone under low discharge rates as compared to high 

discharge rates due to the reduced exit velocity at the nozzles. This can be overcome through use of a 

“duck-billed” type nozzle. 

 The density of the discharge water is estimated to be 998.784 kg/m3 during the summer based on a 

predicted TDS concentration of 200 mg/L and temperature of 18oC. The sensitivity analysis considered 

two hypothetical densities corresponding to a TDS of approximately 1,000 mg/L and approximately 

2,000 mg/L (far beyond that determined through geochemical testing). The model results show the 

mixing potential resulting from the diffuser to be relatively insensitive to the density of the discharge 

water even at these hypothetical extremes.  

 

  



Table 4: Sensitivity Analysis – Matrix of Model Runs 

Run Diffuser length Exit  
velocity 

Water  
depth 

Current 
velocity 

Discharge rate Discharge 
density 

 m m/s m m/s m3/s kg/m3 

(a) Optimization of the diffuser configuration 

1 20 3.9 3 0.05 0.08 998.784 

2 10 3.9 3 0.05 0.08 998.784 
3 5 3.9 3 0.05 0.08 998.784 
4 3 3.9 3 0.05 0.08 998.784 
5 3 1.8 3 0.05 0.08 998.784 
6 3 3.9 3 0.05 0.08 998.784 
7 3 7.0 3 0.05 0.08 998.784 
8 3 3.9 2 0.01 0.08 998.784 
9 3 3.9 3 0.01 0.08 998.784 

10 3 3.9 5 0.01 0.08 998.784 
(b) Sensitivity to Parameter Values 

11 3 3.9 3 0.001 0.08 998.784 
12 3 3.9 3 0.01 0.08 998.784 
13 3 3.9 3 0.05 0.08 998.784 
14 3 3.9 3 0.1 0.08 998.784 
15 3 0.5 3 0.01 0.01 998.784 
16 3 3.9 3 0.01 0.08 998.784 
17 3 7.4 3 0.01 0.15 998.784 
18 3 3.9 3 0.01 0.08 998.784 
19 3 3.9 3 0.01 0.08 999.47 
20 3 3.9 3 0.01 0.08 1000.16 

Note 1:  for Runs 5, 6 and 7 the exit velocity were 1.8, 3.9 and 7.0 m/s at a discharge rate of 0.08 m3/s corresponding to a 
nozzle diameter of 0.076, 0.051 and 0.038 m (approximately 3, 2 and 1.5 inches).  

Note 2: for Runs 15, 16 and 17 the exit velocity were 0.5, 3.9 and 7.4 m/s at a nozzle diameter of 0.051 m (approximately 
2 inches) corresponding to a discharge rate of 0.01, 0.08 and 0.15 m3/s. A “duck-billed” type nozzle could be used 
to achieve a more consistent exit velocity under varying discharge rates. 

  



Table 4: Sensitivity Analysis – Matrix of Results 

Run Notes Configuration of the Mixing Zone (30:1) 

  Alongshore 
distance 

Offshore 
distance 

Width of 
plume 

  m m M 

(a) Optimization of the diffuser configuration 

1 Diffuser length = 20 m 167 21 45 

2 Diffuser length = 10 m 155 21 44 

3 Diffuser length = 5 m 184 21 49 

4 Diffuser length = 3 m – optimum length 41 37 6 

5 Exit velocity = 1.8 m/s 329 10 104 

6 Exit velocity = 3.9 m/s – preferred exit velocity 41 37 6 

7 Exit velocity = 7.0 m/s 9 15 4 

8 Water depth = 2 m 17 59 13 

9 Water depth = 3 m – target depth 8 31 7 

10 Water depth = 5 m 2 10 4 

(b) Sensitivity to Parameter Values 

11 Current velocity = 0.001 m/s 1 31 8 

12 Current velocity = 0.01 m/s  8 31 7 

13 Current velocity = 0.05 m/s – maximum recorded 41 37 6 

14 Current velocity = 0.1 m/s 173 5 23 

15 Discharge rate = 0.01 m3/s  70 10 87 

16 Discharge rate = 0.08 m3/s  8 31 7 

17 Discharge rate = 0.15 m3/s – worst case  16 58 13 

18 Discharge density = 998.784 kg/m3 – expected  8 31 7 

19 Discharge density = 999.47  kg/m3 5 26 6 

20 Discharge density = 1000.16 kg/m3 10 35 20 

Note 1:  Run numbers correspond to the parameter values in Table 3. 

Note 2: Configuration of the Mixing Zone refers to the alongshore and offshore distances from the diffuser at which 30:1 
mixing potential is achieved. The width of the plume refers to the width measured normal to the trajectory of 
the plume at the edge of the mixing zone. 

 

 

 

  



Part 3, Nitrogen Compounds in Treated Effluent 

Explosives Best Management Practices 

Most explosives contain ammonium nitrate (NH4NO3) commonly abbreviated as AN, that is soluble and 

residual explosives can enter water in the open pit and mine rock storage areas.  Ammonia can occur as 

unionized (NH3) or ionized (NH4+; ammonium ion) species. Total ammonia is a measure of both unionized and 

ammonium ion species.  The unionized species is more toxic to aquatic life than the ionized species. The 

relative proportions of unionized and ionized ammonia depend on, primarily, water pH and temperature (see: 

Water Management Policies, Guidelines, Water Objectives of the Ministry of Environment and Energy. July 

1994. Table 2 – Table of PWQOs and Interim PWQOs – Ammonia (un-ionized)). 

Experience at mines has shown that the use of best practices during explosives preparation, handling, and 

blasting can reduce the effects of nitrogen residuals on water quality (Wiber, et al, 1991; Forsyth et al, 1995; 

Revey, 1996; Golder 2006).  SCI will be implementing an explosives management plan to minimize the 

quantities of nitrogen compounds in mine water from explosives use.   

When explosives are efficiently detonated, the ammonia and nitrate are consumed and generally not available 

to dissolve in water in the mine.  There are several potential ways in which undetonated explosives are 

exposed to water during a mining operation (Revey, 1996).  These include: 

 poor choice of explosives 

 inappropriate storage and handling methods, 

 inappropriate techniques for loading of blast holes, and 

 incomplete detonation. 

Best management practices will be followed for explosives handling and blasting during mining of the 

Marathon deposit.  These will include: 

1. Use of an emulsion explosive formula - Emulsions are water resistant and therefore do not readily 

dissolve when in contact with water.  A mixture of emulsion (70%) to AN (30%) will be water resistant.  

Use of the emulsion type explosives will greatly reduce nitrogen compounds in pit water compared to 

the use of typical and lower cost ANFO products alone with no emulsion.  Therefore a water-resistant 

emulsion will be mixed with ANFO to decrease ammonium nitrate solubility. 

2. Specialized training of Staff - Appropriate training of staff on methods to handle and properly load 

explosives into holes is key to explosives and nitrogen management (Forsyth et al, 1995).  Practical 

methods to control explosives losses and to reduce nitrogen levels in mine water are provided in 

Revey (1996) and these methods will be incorporated into the company’s standard operating 

procedures (SOP) for training and implementation of best practices.  Training will include:  

 proper loading techniques to maximize detonation efficiency,  

 blast designs to maximize detonation efficiency, and 

 appropriate detonation methods, 

 spill avoidance, and 

 clean working procedures. 

3. Standard Operating Procedure - A standard operating procedure (SOP) will be developed and 

maintained for explosives management.   

4. Monitoring - Pit water and mine rock runoff quality will be monitored to assess the nitrogen (NH4 and 

NO3) loadings from explosives use.  The monitoring data will be used to forecast effluent quality and to 



provide feedback for explosives management.  A threshold value will be developed to provide early 

warning of any future effects on mine water quality and will allow mitigation measures to be 

implemented, if required. 

Explosive management plans are common in the industry and much experience has been gained over the 

number of years to provide guidance on best practices and for nitrogen management in mine waters.  Best 

practices will maintain low levels of nitrogen compounds in mine water at Marathon during the operation.   

  



Part 4, Nitrogen Compounds in Discharge to Hare Lake 

As discussed in the response to AIR 19, Part 3, the primary source of nitrogen compounds in mine waters is 

explosives used to blast rock during mining.  Experience at mines has shown that the use of best practices 

during explosives preparation, handling, and blasting can reduce the effects of residuals on water quality.  SCI 

will be implementing an explosives management plan to minimize the quantities of nitrogen compounds in 

mine water from explosives use.   

Receiving-water based discharge quality criteria will be established for the PSMF to protect water quality 

within Hare Lake. The approach taken follows MOE’s Procedure B-1-5 (1994b). Table 5 presents the 

background and benchmark water qualities used in the assessment. The parameter list includes nitrogen 

compounds and phosphorus. Supporting Information Document No. 6 (EcoMetrix, 2012) provides a more 

comprehensive list of all parameters included in the assessment. 

Table 5: Surface Water Quality Benchmarks for Hare Lake 

Parameter Units Background PWQO CWQG Benchmark 

Ammonia (total) mg/L 0.031 1.3 1.2 1.2 

Nitrite as N mg/L 0.16 - 0.06 0.16 

Nitrate as N mg/L 0.11 - 2.9 2.9 

TKN mg/L 0.43 - - - 

Phosphorus (total) mg/L 0.011 0.02 0.02 0.02 

Note 1:  From Table 3-4, Supporting Information Document No. 6, EcoMetrix 2012. 

Note 2: Background refers to the background water quality in Stream 5 and Stream 6, used to characterize the inflows 
within the Hare Lake and Hare Creek drainage. 

The quality criteria for the PSMF discharge will ensure that the concentration of nitrogen compounds do not 

exceed the benchmark concentrations set out in Table 5. This will ensure that the objectives for surface water 

quality protection are achieved. The same is true for phosphorus, although the PSMF is not expected to 

discharge elevated phosphorus to Hare Lake since there is no identified source—sewage is treated in the 

septic beds; all detergents used on site are phosphate free; and the site does not have laundry facilities. 

The background water quality within Hare Lake complies with the surface water quality benchmarks for 

nitrogen components and phosphorus, as indicated in Table 6. The data summary in Table 6 includes all 

monitoring data collected by SCI and its consultants over the period July 2008 to October 2011. Of the 24 

samples collected, 17 reported non-detectable concentrations of ammonia and 15 reported non-detectable 

concentrations of total phosphorus.  

The concentration of total phosphorus within Hare Lake is typically below the detection limit of 0.005 mg/L 

and far below the PWQO of 0.020 mg/L (set to avoid nuisance concentration of algae in lakes). The lake is 

classified as oligotrophic given the low levels of phosphorus.  

  



Table 6: Summary of Surface Water Quality – Hare Lake 

Parameter Units Count Minimum Median 75th Percentile Maximum 

Ammonia (total) mg/L 24 <0.02 <0.02 <0.02 0.036 

Nitrite as N mg/L - - - - - 

Nitrate as N mg/L 24 0.034 0.104 0.160 0.191 

TKN mg/L 24 0.207 0.250 0.263 0.343 

Phosphorus (total) mg/L 23 <0.005 <0.005 0.0054 0.0081 

Note 1:  Surface water quality monitoring data for Hare Lake, July 2008 to October 2011. 

Algae require both phosphorus and nitrogen for growth. If one nutrient is limited, algal growth will be 

controlled regardless of the availability of the other nutrient. For Hare Lake, the growth of algae is controlled 

by phosphorus. This is evident by the low levels of phosphorus in the lake. It is also evident by the ratio of 

nitrogen to phosphorus, which far exceeds the relative nutrient requirements of plants (typically taken as a 

10:1 ratio of nitrogen to phosphorus).  The same is true of the nearby streams that characterize the natural 

inflows to the lake (see Table 7). 

Table 7: Summary of Surface Water Quality – Stream 5 and Stream 6 

Parameter Units Count Minimum Median 75th Percentile Maximum 

Ammonia (total) mg/L 137 <0.021 0.021 0.031 0.14 

Nitrite as N mg/L 8 <0.10 0.11 0.16 0.48 

Nitrate as N mg/L 117 <0.030 0.079 0.11 0.31 

TKN mg/L 137 <0.005 0.29 0.43 0.81 

Phosphorus (total) mg/L 117 <0.005 0.0077 0.011 0.40 

Note 1:  From Table 3-4, Supporting Information Document No. 6, EcoMetrix 2012. 
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