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1.0 INTRODUCTION 

Tetra Tech Inc (Tetra Tech) was engaged by Agnico Eagle Mines Limited (Agnico Eagle) to conduct 3-D circulation 

modelling in Melvin Bay, NU, to assess the dilutions resulting from a discharge through a proposed marine diffuser. 

In October 2020, Tetra Tech submitted a study report titled “Meliadine Mine Waterline Addendum: Melvin Bay 

Hydrodynamic Modelling and Characterization of the Fate and Behaviour of the Discharged Saline Effluent”. This 

report presented the modelling framework, environmental input data and results corresponding to the discharge of 

a saline non-buoyant effluent (39,600 mg/L TDS), slightly denser than ambient ocean waters. A first addendum was 

conducted in November 2020 to assess the transport and mixing of a slightly buoyant effluent (14,861 mg/L TDS). 

This technical memo serves as a second addendum to Tetra Tech’s October 2020 study. This study focuses on the 

transport and mixing of a much buoyant effluent, with a TDS concentration estimated at 2,178 mg/L. This effluent 

corresponds to a discharge of CP1 waters directly into Melvin Bay instead of Meliadine Lake. While a discharge 

scenario of 100% surface contact water is unlikely, this scenario of low TDS water was investigated as part of the 

Adaptive Management Strategy developed by Agnico Eagle in response to interveners queries.  

The same hydrodynamic model is used in this addendum study. However, this study focuses now on the release 

of a more buoyant effluent, composed of less saline water, and therefore less dense than ambient ocean waters, 

as compared to the effluent modelled in the October 2020 and November 2020 studies. Model forcing data, initial 

and boundary conditions, as well as model validation can be found in the Tetra Tech’s October study. 

Characteristics of ocean current in the Melvin bay were also presented in Tetra Tech’s October study. 

This technical memo presents the effluent discharge configuration in Section 2. Section 3 shows the results of 

effluent accumulation over time, effluent concentration and temperature and salinity changes due to the effluent 

discharge in Melvin Bay. Conclusions of this study are given in Section 4.  
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2.0 DISCHARGE CONFIGURATION 

This addendum investigates the transport and mixing of a buoyant effluent in Melvin Bay. The effluent flow is 

conservatively estimated at 20,000 m3/d from June through October. The discharge rate is well above the projected 

mean daily flow rates for each month over mine operations (i.e., 2020 to 2028) and represents a conservative 

scenario. The 3-D hydrodynamic model is run through the discharge season (i.e., open water) from early June to 

late October. While the effluent discharge stops at the end of October, the simulation continues for an extra month, 

i.e., through November, with no effluent discharge to allow an investigation on the timeline for the system to recover 

from the effluent discharge. Effluent is discharged at the proposed diffuser location as from Tetra Tech’s previous 

diffuser design study (545789 m E and 6963370 m N) and at a depth of 20 m Chart Datum. 

The effluent temperature in each month is set to be 3 °C higher than the monthly mean air temperature from the 

meteorological forcing data, representing the potential heating of the effluent during overland transport through the 

covered pipeline. Salinity of the effluent is 2.18 PSU and is conservatively converted from a TDS concentration of 

2,178 mg/L, which corresponds to a diversion of the flow from Meliadine Lake to Melvin Bay and a low TDS content 

(email communication with Agnico Eagle, November 26, 2020). Table 1 summarizes the discharge rate, 

temperature, salinity and density of the effluent. The effluent density (ranging between 1000.9 kg/m3 and 1001.7 

kg/m3) is consistently lower than the ambient ocean water density, which ranges from around 1,024 kg/m3 to 1,027 

kg/m3 depending on the ambient seawater temperature and salinity.  

Table 1. Effluent Monthly Discharge Rates and Temperature 

Month June July August September October November 

Discharge Rate (m3/d) 20,000 20,000 20,000 20,000 20,000 0 

Temperature (°C) 8.40 14.27 13.21 6.50 1.00 - 

Salinity (PSU) 2.18 2.18 2.18 2.18 2.18 - 

Density (kg/m3) 1001.55 1000.90 1001.05 1001.66 1001.67 - 

3.0 RESULTS 

3.1 Effluent Accumulation 

A total volume of about 3,060,000 m3 of effluent is discharged between June and October. As a comparison, the 

amount of water present in the bay at any given time exceeds 50,000,000 m3, without accounting for the thousands 

of cubic meters of water exchanged daily through tides. 

The amount of effluent remaining in the model domain is primarily determined by discharge rate, as well as 

metocean conditions (i.e., current in the embayment and water exchange between Melvin Bay and Hudson Bay 

through tides). The specific concentrations of both chloride and TDS in the effluent are held constant during the 

discharge season.  

The amount of effluent present within the domain and its percentage of the total released effluent as a function of 

time are shown in Figure 3.1. Effluent in the water body within Melvin Bay first increases greatly and then fluctuates 

around a mean level in each subsequent month in response to effluent exiting the model boundary and metocean 
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conditions. It is worth noting that the maximum quantity of effluent reaches a maximum of about 0.12 Mm3 in the 

embayment that contains over 50 Mm3 of water. 

Figure 3.1. Effluent Present within Melvin Bay (red curve) and Ratio of Effluent (blue curve) within the Bay 
to Total Released Effluent as a Function of Time 

The tidal conditions in Melvin Bay shows significant flushing capacity. The system recovers to a pre-effluent-

discharge state at a great speed after the discharge stops by the end of October: 

 There is about 0.03% of the total released effluent (589 m3 out of 3,060,000 m3) that is still present in 

Melvin Bay 10 days after the discharge being stopped.  

 By November 20, i.e., almost three weeks after the discharge stopped, there is about 0.001% of the total 

released effluent (23 m3) that still remains in Melvin Bay. In comparison, there was about 55 m3 effluent 

left by November 20 in the system in Tetra Tech’s October study, where a nonbuoyant effluent was 

discharged at the same rate of 20,000 m3/d. While similar, this difference can be explained by the nature 

of the effluent: buoyant effluent tends to rise to the surface, where current speed is relatively stronger and 

exhibits higher flushing capability as shown in the Tetra Tech’s October study. Note that October and 

November were considered open water and did not include ice formation in this simulation.  

3.2 Effluent Concentration 

The different constituents of the effluent are represented as a passive tracer, which has an initial concentration of 

1 (m3/m3). A target tracer concentration value of 0.09 was identified at the 100-m mixing zone (Tetra Tech October 

2020 study), corresponding to a target dilution of 11:1.  

This target concentration is met at all time at the 100-m mixing zone. Knowing that the dash line of Figure 3.2 

represents the target/threshold concentration, the maximum concentration is well below the target concentration 

during the whole model simulation period. The maximum tracer concentration at the edge of the mixing zone is 

around 0.018 (about 55:1 dilution) throughout the discharge season. The concentration value reaches near 0 about 

20 days after the effluent discharge stops on October 30. 
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Figure 3.2. Time Series of Daily Maximum Effluent Concentration at the 100-m Mixing Zone (Dash Line 
Indicating the Threshold Concentration Value 0.09 Corresponding to a Dilution of 11:1) 

Figure 3.3 illustrates the spatial distribution of the effluent in a plan view. The monthly mean of maximum 

concentration throughout the water column in October is displayed. The legend was selected to reflect the threshold 

concentration as red color. As one can observe, the entire bay appears in blue, indicating tracer concentration much 

smaller than the threshold concentration. Value probing shows that while still well below the concentration threshold 

of 0.09 (corresponding to dilution of 11:1), maximum tracer concentration tends to be slightly higher in the vicinity 

of the diffuser during the discharge season, as one could expect.  

Figure 3.3. Monthly Mean of Maximum Effluent Concentration in October 
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Figure 3.4. Instantaneous Maximum Effluent Concentrations on October 5 at 13:00 PM. Vertical line 
denotes the cross section plotted in Figure 3.5 (a), and slanted line in (a) is the cross section plotted in 

Figure 3.5 (b). 

October 5 is identified as the period with the largest quantity of effluent within the bay (refer to Figure 3.1) and is 

shown in Figure 3.4. Snapshot of the maximum concentration on October 5 at 13:00 PM identifies relatively higher 

concentrations on the coastal side of the diffuser. Note that since concentrations are still well below the threshold 

concentration (0.09 corresponding to an 11:1 dilution), the figure appears in uniform blue color, indicating very low 

effluent concentrations and a compliance with guidelines.  
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Figure 3.5. Vertical Profiles of Tracer Concentration at the Cross Sections Shown in Figure 3.4 on October 
5 at 13:00 PM 

Figure 3.6. Vertical Profiles of Tracer Concentration at the Cross Sections Shown in Figure 3.4 on 
November 5 at 00:00 AM 
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Figures 3.5 and 3.6 show vertical profiles of tracer concentration taken on October 5 (maximum quantity of effluent 

within the bay) and November 5 (5 days following the end of discharge). Similar to other graphs, the legend was 

established so as to present red colors when reaching the threshold concentration. As one can observe, most 

transects are blue, even near the diffuser, indicating a strong immediate mixing. Figure 3.5 shows that the buoyant 

effluent tends to rise to the surface and accumulates in the top layers, where concentration is still well below the 

target concentration.  

To summarize, the target dilution value of 11:1 (i.e., concentration value of 0.09) is met at all time at the 100-m 

mixing zone during the discharge season. The system recovers to a pre-effluent-discharge state at a great speed 

after the discharge stops by the end of October.  

3.3 Temperature and Salinity  

As presented in Tetra Tech’s October 3-D modelling study, temperature and salinity changes due to effluent 

discharge at the 100-m mixing zone should not exceed 0.5 °C and 4 PSU, respectively. Figures 3.7 and 3.8 show 

the time series of temperature and salinity changes at the 100-m mixing zone, respectively. These changes 

represent the difference between the simulation containing the effluent discharge and the base case, when no 

discharge occurs. The base case is presented in Tetra Tech October 2020 report. The magnitude of the maximum 

change in the background seawater temperature/salinity is below 0.3 °C / 0.2 PSU, confirming a compliance with 

guidelines/regulation. In addition, Figure 3.9 shows the time series of percentage change in salinity at the 100-m 

mixing zone, which are well below 1% throughout and post the effluent discharge season.  

Changes in surface temperature and salinity are negligible throughout the discharge season (figures not shown). 

The maximum increase/decrease in temperature/salinity are found near the surface at the diffuser location, i.e., 

within the 100-m mixing zone, where it is +0.31 °C in temperature and -0.18 PSU in salinity.  

Figure 3.7. Time Series of the Magnitude of Maximum Temperature Change Relative to Ambient at the   
100-m Mixing Zone (Dash Line Indicating the 0.5 °C Maximum Target Temperature Change) 



MELVIN BAY 3-D HYDRODYNAMIC MODELLING ADDENDUM – LOW SALINITY EFFLUENT 

FILE: ENG.ACLE03008-03 | JANUARY 6, 2021 | ISSUED FOR USE 

8

TetraTech-MelvinBay-Addendum-December_IFU.docx 

Figure 3.8. Time Series of the Magnitude of Maximum Salinity Change Relative to Ambient at the 100-m 
Mixing Zone (Maximum Target Salinity Change is 4 PSU) 

Figure 3.9. Time Series of the Maximum Salinity Percentage Change Relative to Ambient at the 100-m 
Mixing Zone  

4.0 CONCLUSIONS 

This study investigates the transport and mixing of a discharged buoyant effluent in Melvin Bay. It serves as a 

second addendum to Tetra Tech’s October 2020 study titled “Meliadine Mine Waterline Addendum: Melvin Bay 

Hydrodynamic Modelling and Characterization of the Fate and Behaviour of the Discharged Saline Effluent”. Effluent 

is discharge at the proposed diffuser location and at a depth of 20 m. The discharge season is from June to October. 

The 20,000 m3/d discharge rate is well above the projected mean daily flow rates for each month over mine 

operation (i.e., 2020 to 2028) and therefore represents a very conservative scenario. A very low TDS concentration 

of 2,178 mg/L is chosen to represent a diversion flow from Meliadine Lake to Melvin Bay. While this scenario is 

unlikely, it was investigated as part of the Adaptive Management Strategy. 
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The main conclusions are aligned with Tetra Tech’s October main study and Tetra Tech’s November addendum: 

 The receiving embayment will not fluctuate by more than +/- 10% with respect to chloride or salinity from 

the effluent discharge; specifically, the target dilution factor of 11:1 or target concentration of 0.09 at the 

100 -m mixing zone is always satisfied during or post the discharge season; 

 Temperature and salinity changes due to effluent discharge are well below the regulated threshold values 

(i.e., 0.5 ºC change and 4 PSU change respectively) at the 100-m mixing zone throughout the discharge 

season. In other words, the release of the effluent has a very little impact on the ambient temperature and 

salinity at the edge of the mixing zone. Salinity changes are below 1% all the times at the edge of the mixing 

zone;  

 Based on simulated conditions, the system takes slightly less than 20 days following the end of the 

discharge to recover to a near pre-effluent-discharge state (less than 0.001% of total released effluent 

remains in the domain)  

 Note: in the simulation, October and November were considered as open water conditions and did not 

include ice formation. The maximum increase of temperature was found in the surface layers since the 

plume was buoyant within the mixing zone and below 0.31 °C in October. The maximum decrease in salinity 

was found at similar locations and around 0.18 PSU in October.  

The potential impact of the plume on ice formation comes at two levels: i) as the freezing temperature of 

sea water increases with the decrease in salinity, the plume discharge could potentially accelerate very 

locally the ice formation (typical salinity levels around 28-32 PSU with a reduction of 0.15 PSU at most due 

to the discharge); but ii) as the water temperature could slightly increase by up to 0.3 °C, the plume 

discharge could on the other hand slightly delay very locally the formation of ice. Since the plume discharge 

is mostly scheduled to occur during open water conditions, the impact on ice formation is deemed minimal. 

Furthermore, the integrity of the ice once formed will not be at risk because there will be no discharge over 

the winter, and the bay will quickly return to pre-discharge conditions due to flushing of the bay at the end 

of each annual discharge phase; and 

 The Melvin Bay metocean conditions lead to very efficient flushing capacity of the study area that easily 

satisfies the various regulations and guidelines on effluent discharge of all the studied cases. 

The main difference between this addendum study and Tetra Tech’s October main study is that the effluent used 

in this simulation is buoyant and therefore tends to rise to the surface. Higher concentration of effluent is observed 

in the surface layer, but its value stays well below the threshold concentration within and at the edge of the mixing 

zone during and post the discharge season. 

The main difference between this addendum and Tetra Tech’s November first addendum is that the effluent used 

in this study is more buoyant. The maximum temperature and salinity changes at the 100-m mixing zone are larger: 

0.2 °C / 0.1 PSU in the first addendum which investigated an effluent with a 14.861 mg/L TDS and 0.3 °C / 0.2 PSU 

in this second addendum (effluent with a TDS concentration of 2,178 mg/L). While the time series of maximum 

effluent concentration at the 100-m mixing zone in the two addendums are comparable: both are well in agreement 

with the target dilution of 11:1 throughout the discharge season.  
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5.0 LIMITATIONS OF REPORT 

This report and its contents are intended for the sole use of Agnico Eagle Mines and their agents. Tetra Tech 

Canada Inc. (Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the 

recommendations contained or referenced in the report when the report is used or relied upon by any Party other 

than Agnico Eagle Mines, or for any Project other than the proposed development at the subject site. Any such 

unauthorized use of this report is at the sole risk of the user. Use of this document is subject to the Limitations on 

the Use of this Document attached in the Appendix or Contractual Terms and Conditions executed by both parties.
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6.0 CLOSURE 

We trust this technical memo meets your present requirements. If you have any questions or comments, please 

contact the undersigned.  

Respectfully submitted, 

Tetra Tech Canada Inc.  
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Prepared by: 
Changheng Chen, PhD 
Oceanographer 
Direct Line: 604.238.3568 
changheng.chen@tetratech.com 

Reviewed by: 
Aurelien Hospital, M.Eng., M.Sc. 
Hydrotechnical Specialist and Group Manager 
Direct Line: 778.945.5747 
aurelien.hospital@tetratech.com 

Enclosure: Limitations on the Use of this Document 
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GENERAL CONDITIONS 
 

HYDROTECHNICAL 

This report incorporates and is subject to these “General Conditions”. 

1.1 USE OF REPORT AND OWNERSHIP 

This report pertains to a specific site, a specific development, and a 
specific scope of work. The report may include plans, drawings, 
profiles and other supporting documents that collectively constitute the 
report (the “Report”). 

The Report is intended for the sole use of TETRA TECH’s Client (the 
“Client”) as specifically identified in the TETRA TECH  Services 
Agreement or other Contract entered into with the Client (either of 
which is termed the “Services Agreement” herein). TETRA TECH  
does not accept any responsibility for the accuracy of any of the data, 
analyses, recommendations or other contents of the Report when it is 
used or relied upon by any party other than the Client, unless 
authorized in writing by TETRA TECH.  

Any unauthorized use of the Report is at the sole risk of the user. 
TETRA TECH  accepts no responsibility whatsoever for any loss or 
damage where such loss or damage is alleged to be or, is in fact, 
caused by the unauthorized use of the Report. 

Where TETRA TECH  has expressly authorized the use of the Report 
by a third party (an “Authorized Party”), consideration for such 
authorization is the Authorized Party’s acceptance of these General 
Conditions as well as any limitations on liability contained in the 
Services Agreement with the Client (all of which is collectively termed 
the “Limitations on Liability”). The Authorized Party should carefully 
review both these General Conditions and the Services Agreement 
prior to making any use of the Report. Any use made of the Report by 
an Authorized Party constitutes the Authorized Party’s express 
acceptance of, and agreement to, the Limitations on Liability. 

The Report and any other form or type of data or documents generated 
by TETRA TECH  during the performance of the work are TETRA 
TECH’s professional work product and shall remain the copyright 
property of TETRA TECH. 

The Report is subject to copyright and shall not be reproduced either 
wholly or in part without the prior, written permission of TETRA TECH. 
Additional copies of the Report, if required, may be obtained upon 
request. 

1.2 ALTERNATIVE REPORT FORMAT 

Where TETRA TECH  submits both electronic file and hard copy 
versions of the Report or any drawings or other project-related 
documents and deliverables (collectively termed TETRA TECH’s 
“Instruments of Professional Service”), only the signed and/or sealed 
versions shall be considered final. The original signed and/or sealed 
version archived by TETRA TECH  shall be deemed to be the original. 
TETRA TECH  will archive the original signed and/or sealed version 
for a maximum period of 10 years. 

Both electronic file and hard copy versions of TETRA TECH’s 
Instruments of Professional Service shall not, under any 
circumstances, be altered by any party except TETRA TECH. 

TETRA TECH’s Instruments of Professional Service will be used only 
and exactly as submitted by TETRA TECH. 

Electronic files submitted by TETRA TECH  have been prepared and 
submitted using specific software and hardware systems. TETRA 
TECH  makes no representation about the compatibility of these files 
with the Client’s current or future software and hardware systems. 

1.3 STANDARD OF CARE 

Services performed by TETRA TECH  for the Report have been 
conducted in accordance with the Services Agreement, in a manner 
consistent with the level of skill ordinarily exercised by members of 
the profession currently practicing under similar conditions in the 
jurisdiction in which the services are provided. Professional judgment 
has been applied in developing the conclusions and/or 
recommendations provided in this Report. No warranty or guarantee, 
express or implied, is made concerning the test results, comments, 
recommendations, or any other portion of the Report. 

If any error or omission is detected by the Client or an Authorized 
Party, the error or omission must be immediately brought to the 
attention of TETRA TECH. 

1.4 ENVIRONMENTAL AND REGULATORY ISSUES 

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

1.5 DISCLOSURE OF INFORMATION BY CLIENT 

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

1.6 INFORMATION PROVIDED TO TETRA TECH  BY OTHERS 

During the performance of the work and the preparation of this 
Report, TETRA TECH  may have relied on information provided by 
persons other than the Client. 

While TETRA TECH  endeavours to verify the accuracy of such 
information, TETRA TECH  accepts no responsibility for the accuracy 
or the reliability of such information even where inaccurate or 
unreliable information impacts any recommendations, design or other 
deliverables and causes the Client or an Authorized Party loss or 
damage. 
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1.7 GENERAL LIMITATIONS OF REPORT 

This Report is based solely on the conditions present and the data 
available to TETRA TECH  at the time the Report was prepared. 

The Client, and any Authorized Party, acknowledges that the Report 
is based on limited data and that the conclusions, opinions, and 
recommendations contained in the Report are the result of the 
application of professional judgment to such limited data.  

The Report is not applicable to any other sites, nor should it be relied 
upon for types of development other than those to which it refers. Any 
variation from the site conditions present at or the development 
proposed as of the date of the Report requires a supplementary 
investigation and assessment. 

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

The Client acknowledges that TETRA TECH  is neither qualified to, 
nor is it making, any recommendations with respect to the purchase, 
sale, investment or development of the property, the decisions on 
which are the sole responsibility of the Client. 

 

1.8 JOB SITE SAFETY 

TETRA TECH  is only responsible for the activities of its employees 
on the job site and was not and will not be responsible for the 
supervision of any other persons whatsoever. The presence of 
TETRA TECH  personnel on site shall not be construed in any way 
to relieve the Client or any other persons on site from their 
responsibility for job site safety. 

 

 

 


