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Summary

Hatch was commissioned by the Mine Environment Neutral Drainage (MEND) Program to complete a
study to identify best available technologies economically achievable (BATEA) to manage and control
effluent from metal, diamond, and coal mines in Canada. The objective of the study was to provide
reference information for potential forthcoming changes within the Metal Mining Effluent Regulations
(MMER) to the types of regulated mining facilities, the list of Schedule 4 parameters, and the authorized
limits of Schedule 4 concentrations in effluent discharged to the environment. These potential changes
are outlined in the Environment Canada 2012 discussion paper, “10-Year Review of Metal Mining Effluent
Regulations”. For metal mining effluent, Environment Canada has proposed the addition of aluminum,
iron, selenium, and total ammonia to the list of Schedule 4 substances, and has proposed the reduction of
authorized limits for arsenic, copper, cyanide, lead, nickel, and zinc. For diamond mining effluent, which is
currently not regulated under MMER, Environment Canada has proposed limits for chloride, phosphorus,
ammonia, and total suspended solids (TSS) concentrations in effluent discharged to the environment, as
well as limits for pH. For coal mining effluent, which is currently not regulated under MMER, Environment
Canada has proposed limits for arsenic, aluminum, iron, manganese, selenium, ammonia, and TSS
concentrations in effluent discharged to the environment, as well as limits for pH. Other proposed
changes include the addition of a new requirement that effluent be non-acutely lethal to Daphnia magna
and changes to Environmental Effects Monitoring requirements.

The study describes the effluent management and treatment technologies and techniques currently
employed at metal (base metal, precious metal, uranium, iron ore), diamond and coal mine operations in
Canada. The study provides an overview of each (sub)sector's water management and effluent treatment
practices and establishes a model effluent treatment process and treated effluent quality to carry forward
for use in BATEA selection.

The study identifies effluent treatment technologies that could be considered best available technologies
(BAT) for the Canadian mining sector. The technologies were compiled from treatment technologies
currently available on the market, both active and passive, that are applicable to the control of effluent
quality for current and proposed MMER parameters. The potential BAT technologies were then screened
against a set of criteria: “Can this technique achieve current MMER discharge limits?”, “Has this
technique been demonstrated at full scale on mining effluent?”, and “Has this technique been
demonstrated under representative climate conditions?”. Technologies that satisfied all three criteria were
considered BAT, and carried forward for consideration as BATEA. A technical characterisation is
presented for each BAT, which describes contaminant removal mechanisms, removal efficiencies and/or
achievable concentrations, major equipment, synergies with other technologies, operational challenges,
current application at Canadian operations, and capital and operating costs.

For each (sub)sector, BAT technologies were further screened to identify BAT that could be applied to
augment the model effluent treatment system. BAT were screened out from consideration if the
technology was already included in the model effluent treatment system flowsheet, or if the technology
could not improve effluent quality beyond that typically achieved by the model effluent treatment system.
For BAT that passed this screening, order of magnitude equipment, installed, and operating cost
estimates were prepared, based on capital and operating cost data from vendors and operations, in-
house information, and literature.
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BATEA for the augmentation of the model effluent treatment system for each (sub) sector were selected
based on a comparative assessment of the costs and benefits of the applicable BAT technologies.
BATEA selection was bounded by the strict criteria for BATdescribed above and in the context of a model
non-greenfield operation with existing effluent management and treatment systems. BATEA for greenfield
operations may be different than that selected for existing model operations. Removal efficiencies and/or
achievable effluent concentrations are based on reported operations data, literature values, and/or vendor
data and may not be possible for every application. Ultimately, BATEA for any given mining operation is
site-specific, as a result of the multitude of geographic and operational factors that influence effluent
quality, impact the technical feasibility of treatment technologies, and dictate financial constraints on
capital and operating expenditures that can be borne by operations while still maintaining economic
viability.

Review of the base metal subsector included a total of 43 operations. The model effluent treatment
system for the subsector consists of hydroxide precipitation for metals removal and pond-based settling
for bulk TSS removal. Coagulant and flocculant are dosed to facilitate metal precipitate and TSS
sedimentation. The pond-based system also enables passive natural degradation of ammonia. The pH of
settling pond decant is adjusted with carbon dioxide to meet MMER pH limits and/or un-ionized
ammonia/toxicity requirements prior to discharge to the environment. The design and nominal flow rates
selected to estimate capital and operating costs for system augmentation for the model treatment system
were 2,000 m*/h and 870 m*/h, respectively. BATEA was defined as sulfide precipitation with proprietary
polymeric organosulfide chemicals for dissolved metals polishing and the model effluent management
and treatment system for total ammonia, bulk metals, and TSS removal.

Review of the precious metal subsector included a total of 40 precious metal operations. The model
effluent treatment system for the subsector consists of SO,/air cyanide destruction on tailings and low
density sludge lime hydroxide precipitation for bulk metal removal from effluent from tailings, mine, and
waste rock areas. The design and nominal flow rates selected to estimate capital and operating costs for
system augmentation for the model treatment system were 600 m%h and 180 m*/h, respectively. BATEA
was defined as sulfide precipitation with proprietary polymeric organosulfide chemicals for dissolved
metals polishing, active aerobic biological oxidation for total ammonia removal, and the model effluent
management and treatment system for cyanide, bulk metals, and TSS removal.

Review of the iron ore subsector included all 6 operating iron ore operations. The model effluent
treatment system for the subsector consists of pond-based settling for bulk TSS removal with flocculant
dosing to aid settling. The design and nominal flow rates selected to estimate capital and operating costs
for system augmentation for the model treatment system were 7,000 m*h and 3,900 m®/h, respectively.
BATEA was defined as the model effluent management and treatment system for TSS, metals, and total
ammonia removal.

Review of the uranium subsector included a total of 12 operations. The model effluent treatment system
for the subsector consists of 2 stages: a high pH stage for precipitation of metals that precipitate in basic
conditions and a low pH stage for metals and other parameters that precipitate or co-precipitate in acidic
conditions. Between and after these pH stages, clarification and filtration are employed to separate
precipitates from treated water. The design and nominal flow rates selected to estimate capital and
operating costs for system augmentation for the model treatment system were 500 m%h and 350 m*/h,
respectively. BATEA was defined as active aerobic biological oxidation for total ammonia removal and the
model effluent management and treatment system for metals and TSS removal.
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Review of the diamond sector included a total of 4 operations. The model effluent treatment system for
the sector consists of settling pond(s), clarification, and media filtration for TSS removal. Coagulant is
dosed into the clarifier. Prior to discharge to the environment, pH is adjusted using sulfuric acid to meet
un-ionized ammonia/toxicity limits. The settling and polishing ponds enable passive natural degradation of
ammonia and phosphorus. The design and nominal flow rates selected for the model treatment system
were 3,000 m*h and 2,000 m%h, respectively. These flow rates were used to estimate capital and
operating costs for system augmentation. BATEA was defined as the model effluent management and
treatment system for chloride, bulk metals, ammonia, and TSS removal.

Review of the coal sector included a total of 16 operations. In the model effluent treatment system for the
sector, bulk TSS is removed via pond-based settling and polishing which may be aided by the addition of
flocculant. The settling and polishing pond(s) enable passive natural degradation of ammonia. The design
and nominal flow rates selected for the model treatment system were 3,000 m>/h and1,000 m®h,
respectively. BATEA was defined as the model effluent management and treatment system for metals,
total ammonia, and TSS removal.

For all (sub)sectors, testwork is recommended to confirm proprietary reagent demand, efficacy, and
precipitate settleability, as well as to verify that treated effluent complies with toxicity requirements. It is
also advised that treated effluent be discharged rather than recirculated for any purpose such that cycling
up of residual chemical concentration is limited. Due to the relatively recent adoption of these reagents
and the proprietary nature of their formulations, little is known about the long term stability of residuals
and the potential for acid generation and metals remobilization. If residuals are not kept stable through
prudent disposal techniques, significant costs associated with residuals stabilization technology or re-
treatment of residual leachate could be incurred. Hatch cautions that this technique should only be
considered BATEA for operations that are capable of and dedicated to careful control of operating
regimes to prevent effluent toxicity, as well as, careful control of residuals storage conditions to prevent
long term instability and the potential generation of acid through sulfide oxidation and metals
remobilization.

Sommaire

Les responsables du Programme de neutralisation des eaux de drainage dans I'environnement
minier(NEDEM) ont chargé I'entreprise Hatch de compléter une étude visant a établir les Meilleures
techniques existantes d’applicable rentable (MTEAR) pour gérer et contrdler les effluents provenant des
mines de métaux, de diamants et de charbon au Canada. L’objectif de I'étude était de fournir des
données de référence pour les changements futurs potentiels, qui seront apportés au Reéglement sur les
effluents des mines de métaux (REMM) et qui visent les types d’installations miniéres réglementées, la
liste de paramétres de I'annexe 4 ainsi que les concentrations maximales permises selon I'annexe 4 pour
les effluents rejetés dans I'environnement. Ces changements potentiels sont décrits dans le document de
travail publié en 2012 par Environnement Canada et intitulé « Examen décennal du Réglement sur les
effluents des mines de métaux ». Pour les effluents des mines de métaux, Environnement Canada a
proposé I'ajout de I'aluminium, du fer, du sélénium et de 'ammoniac total a la liste des substances de
'annexe 4 et a proposé la réduction des limites permises pour I'arsenic, le cuivre, le cyanure, le plomb, le
nickel et le zinc. Pour les effluents des mines de diamants, qui a I'heure actuelle ne sont pas réglementés
en vertu du REMM, Environnement Canada a proposé des limites pour le chlorure, le phosphore,
'ammoniac et le total des solides en suspension (TSS) dans les effluents rejetés dans I'environnement,
ainsi que des limites pour le pH. En ce qui concerne les effluents des mines de charbon, qui a I'heure
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actuelle ne sont pas réglementées en vertu du REMM, Environnement Canada a proposé des limites
pour les concentrations d’arsenic, d’aluminium, de fer, de manganése, de sélénium, d’ammoniac et le
TSS dans les effluents rejetés dans I'environnement, ainsi que des limites pour le pH. D’autres
changements proposés comprennent I'ajout d’'une nouvelle exigence de non létalité aigué pour Daphnia
magna ainsi que des modifications apportées aux exigences pour I'étude du suivi des effets sur
I'environnement.

L’étude décrit les technologies ainsi que les techniques de gestion et de traitement des effluents utilisées
a I'heure actuelle dans les opérations des mines de métaux (métaux communs, métaux précieux,
uranium, minerai de fer) de diamants et de charbon au Canada. Le document présente un apergu des
pratiques de traitement des effluents et de gestion de 'eau de chaque sous-secteur et établit un procédé
modéle pour le traitement des effluents ainsi que la qualité des effluents traités pour aller de I'avant avec
I'utilisation de la sélection des MTEAR.

L’étude identifie les technologies de traitement des effluents qui pourraient étre considérées comme les
meilleures techniques disponibles (MTD) du secteur minier canadien. La liste des technologies a été
dressée a partir des technologies de traitement disponibles a I'heure actuelle sur le marché, tant actives
que passives, qui s’appliquent au contréle de la qualité des effluents pour les parameétres actuels et
proposés du REMM. Les technologies MTD potentielles ont été sélectionnées en fonction des critéres
suivants : « Cette technologie peut-elle respecter les limites de rejet actuelles prévues par le REMM? »;
« L’efficacité de cette technologie a-t-elle été validée a grande échelle pour les effluents des mines? »;
« Cette technologie a-t-elle fait I'objet d’'une démonstration dans des conditions climatiques
représentatives? ». Les technologies qui respectaient les trois critéres susmentionnés ont été
considérées comme les MTD et ont été mises de I'avant pour étre considérées comme MTEAR. Une
caractérisation technique est présentée pour chaque MTD, qui décrit les procédés d’élimination des
contaminants, le rendement d’'élimination et/ou les concentrations atteignables, I'équipement majeur, les
synergies avec d’autres technologies, les défis opérationnels, leur application actuelle a des entreprises
canadiennes ainsi que les colts de capitaux et de I'exploitation.

Pour chaque secteur/sous-secteur, les technologies MTD ont fait I'objet d’'un examen plus poussé dans le
but d’identifier les MTD qui pourraient étre appliquées pour perfectionner le systéme de traitement des
effluents modéle. Des MTD n’ont pas été sélectionnées a des fins de considération, si ces technologies
faisaient déja partie de la grille d’évaluation de suivi du systéme de traitement des effluents modéle ou
encore si la technologie ne pouvait améliorer la qualité des effluents au-dela de ce qui est habituellement
réalisé par le systéme de traitement des effluents modéle. Pour les MTD qui satisfaisaient aux critéres de
sélection, des estimations de I'ordre de grandeur des colts ont été préparées pour les éléments

suivants : 'équipement, l'installation et I'exploitation en se fondant sur des données portant sur les codts
de capitaux et d’exploitation provenant des vendeurs et des entreprises, des informations a l'interne et de
la documentation.

Les MTEAR destinées a 'amélioration du systéme de traitement des effluents modéle pour chaque
secteur/sous-secteur ont été sélectionnées en se fondant sur une évaluation comparative des co(ts-
avantages des technologies MTD applicables. La sélection de MTDAR était fondée sur les critéres
rigoureux mentionnés plus haut pour les MTD dans le contexte d’une entreprise modéle non nouvelle
avec les systémes existants de gestion et de traitement des effluents. Pour les nouvelles entreprises, les
MTDAR peuvent différer de celles sélectionnées pour les entreprises modeles existantes. L’efficacité de
I'élimination et/ou les concentrations atteignables dans les effluents sont fondés sur les données
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déclarées par les entreprises, les valeurs documentées et/ou des données provenant de vendeurs et
peuvent ne pas étre réalisables pour chaque application. Finalement, les MTDAR pour toute exploitation
miniére donnée sont propres a un site et découlent d’'une multitude de facteurs géographiques et
opérationnels ayant une incidence sur la qualité des effluents, la faisabilité technique des technologies de
traitement et imposent des contraintes financiéres sur le capitaux et les frais d’exploitation qui peuvent
étre assumés par les entreprises tout en maintenant la rentabilité du secteur.

L’examen du sous-secteur des métaux communs visait un total de 43 entreprises. Le systéeme de
traitement des effluents modeéle pour le sous-secteur utilise des technologies de précipitation sous forme
d’hydroxydes pour I'élimination des métaux et des bassins de décantation pour I'élimination en vrac du
TSS. Les agents de coagulation et les floculants sont dosés pour faciliter la précipitation des métaux et la
sédimentation du TSS. Le systéme de bassins de décantation permet aussi la dégradation naturelle
passive de 'ammoniac. Le pH des bassins de décantation est ajusté avec du dioxyde de carbone pour
respecter les limites du pH en vertu du REMM ainsi que les exigences en matiére de toxicité et les
concentrations d’'ammoniac non-ionisé avant le rejet dans I'environnement. Le débit de conception et le
débit nominal sélectionnés pour estimer les colts de capitaux et de I'exploitation associés a I'amélioration
du systéme pour le systéme de traitement modéle étaient de 2 000 m%h et de 870 m*/h, respectivement.
Les MTEAR suivantes ont été définies : la précipitation de sulfures en utilisant des polymeéres
organosulfurés de propriété exclusive pour le polissage de métaux dissous et le systeme de gestion et de
traitement des effluents modéle pour I'élimination de 'ammoniac total, des métaux en vrac et du TSS.

L’examen du sous-secteur des métaux précieux était destiné a un total de 40 entreprises de métaux
précieux. Le systeme de traitement des effluents modéle pour le sous-secteur comprend les technologies
suivantes : la suppression du cyanure par SO2/atmosphérique des résidus miniers et le traitement par
boues a chaux de faible densité pour la précipitation sous forme d’hydroxydes destinée a I'élimination en
vrac des métaux des effluents provenant des résidus miniers, des mines et des zones de stériles. Le
débit de conception et le débit nominal sélectionnés pour estimer les colts de capitaux et de I'exploitation
associés a I'amélioration du systéme pour le systéme de traitement modele étaient de 600 m®h et de 180
m?/h, respectivement. Les MTEAR suivantes ont été définies : la précipitation de sulfures en utilisant des
polymeéres organosulfurés de propriété exclusive pour le polissage de métaux dissous, I'oxydation
biologique aérobie active pour I'élimination de 'ammoniac total, ainsi que le systéme de gestion et de
traitement des effluents modéle pour I'élimination du cyanure, des métaux en vrac et du TSS.

L’examen du sous-secteur du minerai de fer visait 'ensemble des six entreprises qui exploitent le
minerai de fer. Le systéme de traitement des effluents modeéle pour ce sous-secteur comprend les
procédés suivants : bassins de décantation pour I'élimination en vrac du TSS par 'ajout de doses de
floculants pour favoriser la sédimentation. Le débit de conception et le débit nominal sélectionnés pour
estimer les colts de capitaux et de I'exploitation associés a I'amélioration du systéme pour le systeme de
traitement modéle étaient de 7 000 m%h et de 3 900 m®/h, respectivement. Les MTEAR suivantes ont été
définies : systéme de gestion et de traitement des effluents modeéle pour I'élimination du TSS, des métaux
et de 'ammoniac total.

L’examen du sous-secteur de I'uranium visait un total de 12 entreprises. Dans ce sous-secteur, le
systeme de traitement des effluents modéle procéde en deux étapes : une étape a pH élevé, pour la
précipitation des métaux dans des conditions basiques et une étape a pH faible, pour la précipitation ou
la co-précipitation métaux et d’autres paramétres en milieu acide. Entre la réalisation de ces étapes liées
au pH et aprés, la clarification et la filtration sont utilisées pour séparer les précipités des eaux traitées.
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Le débit de conception et le débit nominal sélectionnés pour estimer les colts de capitaux et de
I'exploitation associés a I'amélioration du systéme pour le systéme de traitement modele étaient de

500 m%h et de 350 m*/h, respectivement. Les MTEAR suivantes ont été définies : 'oxydation biologique
aérobie active pour I'élimination de 'ammoniac total et le systéme de gestion et de traitement des
effluents modéle pour I'élimination des métaux et du TSS.

L’examen du secteur du diamant visait un total de 4 entreprises. Pour ce secteur, le systéeme de
traitement des effluents modéle utilise les technologies suivantes : des bassins de décantation, ainsi que
la clarification et |a filtration par médias pour I'élimination du TSS. L’agent de coagulation est dosé dans
le clarificateur. Avant le rejet des effluents dans I'environnement, le pH est ajusté en utilisant de I'acide
sulfurique pour respecter les limites des concentrations d’ammoniac non-ionisé et /ou de toxicité. Les
bassins de décantation et pollisage permettent la dégradation naturelle et passive de 'ammoniac et du
phosphore. Le débit de conception et le débit nominal sélectionnés pour le systéme de traitement modéle
étaient de 3 000 m%h et 2 000 m*/h, respectivement. Ces débits ont été utilisés pour calculer les colts
de capitaux et de I'exploitation associés a 'amélioration du systéme. Les MTEAR suivantes ont été
définies : systéme de gestion et de traitement des effluents modéle pour I'élimination du chlorure, des
métaux en vrac, de 'ammoniac et du TSS.

L’examen du secteur du charbon visait un total de 16 entreprises. Selon le systéeme de traitement des
effluents modeéle pour ce secteur, le TSS en vrac est éliminé au moyen de bassins de décantation et
pollisage, ce qui peut étre facilité par I'ajout d’un floculant. Les bassins de décantation et pollisage
permettent la dégradation naturelle passive de I'ammoniac. Le débit de conception et le débit nominal
sélectionnés pour le systéme de traitement modéle étaient de 3 000 m>/h et de1 000 m3/h,
respectivement. Les MTEAR suivantes ont été définies : systéme de gestion et de traitement des
effluents modele pour I'élimination des métaux, de 'ammoniac total et du TSS.

Pour tous les secteurs/sous-sectors, des essais sont recommandés pour confirmer la demande en réactif
de propriété exclusive, l'efficacité et la décantabilité des précipités, ainsi que pour vérifier la conformité
des effluents aux exigences en matiére de toxicité. Il est également conseillé de rejeter les effluents
traités plutét que de les recycler a des fins diverses, de fagon a limiter 'augmentation de la concentration
résiduelle des substances chimiques. En raison de I'adoption relativement récente de ces réactifs et du
caractére exclusif de leur préparation, on connait peu de choses sur la stabilité a long terme des
substances résiduelles et sur le potentiel de production d’acide et de remobilisation des métaux. Si la
stabilité des substances résiduelles n’est pas assurée au moyen de techniques d’élimination avisées, des
colts importants associés a la technologie de stabilisation des substances résiduelles ou d’un nouveau
traitement du lixiviat résiduel pourraient devoir étre engagés. L’entreprise Hatch met en garde que cette
technologie devrait étre uniquement considérée comme une MTEAR pour des entreprises qui possédent
les ressources nécessaires et se consacrent au contréle soigné des régimes d’exploitation pour prévenir
la toxicité des effluents, ainsi qu’au contréle minutieux des conditions de stockage des substances
résiduelles en vue de prévenir 'instabilité a long terme et le potentiel de production d’acide par le biais de
I'oxydation des sulfures et de la remobilisation des métaux.
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MEND Report 3.50.1 Study to Identify BATEA for the Management and Control of Effluent Quality from Mines
1. Executive Summary
1.1 Summary of Report

Hatch was commissioned by the Mine Environment Neutral Drainage (MEND) Program to
complete a study to identify best available technologies economically achievable (BATEA) to
manage and control effluent from metal, diamond, and coal mines in Canada (henceforth
“BATEA Study”). The study was commissioned to provide reference information for potential
forthcoming changes within the Metal Mining Effluent Regulations (MMER) to the types of
regulated mining facilities, the list of Schedule 4 parameters, and the authorized limits of
Schedule 4 concentrations in effluent discharged to the environment. These potential
changes are outlined in the Environment Canada 2012 discussion paper, “10-Year Review of
Metal Mining Effluent Regulations”.

In particular, for metal mining effluent, Environment Canada has proposed the addition of
aluminum, iron, selenium, and total ammonia to the list of Schedule 4 substances, and has
proposed the reduction of authorized limits for arsenic, copper, cyanide, lead, nickel, and
zinc. For diamond mining effluent, which is currently not regulated via MMER, Environment
Canada has proposed the inclusion of limits for chloride, phosphorus, ammonia, and TSS
concentrations in effluent discharged to the environment, as well as limits for pH. For coal
mining effluent, which is currently not regulated via MMER, Environment Canada has
proposed the inclusion of limits for arsenic, aluminum, iron, manganese, selenium, ammonia,
and TSS concentrations in effluent discharged to the environment, as well as limits for pH.
Existing authorized limits for existing Schedule 4 substances are summarized in Appendix A.
Other proposed changes include the addition of a new requirement that effluent be non-
acutely lethal to Daphnia magna as indicator organisms and changes to Environmental
Effects Monitoring requirements.

Environment Canada has established a multi-stakeholder MMER Working Group consultation
process. Through this process, a need for this study was identified to help inform mining
sector stakeholders on BATEA for the management and control of effluent from operations.
MEND has taken on the administration of this contract as part of its mandate to support
Canadian national and regional information needs related to controlling and limiting
environmental liabilities and promoting sustainable development in the mining sector.

The study was performed in two phases with a distinct scope of work for each phase. The
first phase of work produced a Draft Study Report, Revision A, culminated in the production
of an Interim Study Report, Revision 0. The Revision and Revision 0 reports were based on
the original terms of reference established by MEND for the study. The second phase of work
culminated in the production of this Final Study Report, Revision 1 and was based on a scope
established by MEND and Hatch to augment the Interim Study Report, Revision 0.

The study budget for the scope of work for the first phase was established by MEND at
CAD$75,000 for a study period originally intended to be from late July 2013 to December
2013. The study timeline for the completion of the Draft Study Report, Revision A was later
extended to mid-January 2014. As a result of the magnitude of this study, this timeline placed
limitations on the effort that could be exerted on the tasks comprising this study. The Interim
Study Report, Revision 0 completed in February 2014, represents the information gathered
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and the data evaluations conducted during the period of July 2013 to February 2014. During
this period, data gaps and further investigations were identified, which Hatch felt would
benefit the process and address critical limitations inherent in the study.

Following the completion of the Interim Study Report, Revision 0, it was decided by MEND
that an extension of the study, to fill in the data gaps identified and to carry out further data
analysis was warranted. An additional scope of work for this study extension was established
by MEND and Hatch based on commentary received on the Draft Study Report, Revision A.
This additional scope was completed during April to June 2014 and culminated in this Final
Study Report, Revision 1.

The methodology followed to carry out this study was consistent with the structure originally
outlined in MEND'’s Statement of Work, within the Terms of Reference for this study. The
tasks and sub-tasks constituting this methodology can be found in detail in Section 5.
Modifications to the report other than minor changes to address spelling, grammar, and
consistency errors are indicated through the use of revision triangles (shown in the right
margin of the page adjacent to the paragraph with the modification, as illustrated for this
paragraph). The number within the revision triangle indicates the version of the document for
which the modifications were made.

Section 6 describes the existing effluent management and treatment technologies and
techniques at metal (base metal, precious metal, uranium, iron ore), diamond and coal mine
operations in Canada. The main purpose of this section is to provide an overview of each
(sub)sector’s current water management and effluent treatment practices, and to establish a
model site wide water management model, model effluent treatment process, and treated
effluent quality to carry forward for use in BATEA selection.

Information provided in this section was collected from independent research, documents
provided by MEND and questionnaires distributed to mine operations in Canada.
Independent research sources included in-house information and data, publicly available
information concerning mining operations and effluent treatment processes, certificates of
authorization, provincial summaries of reported effluent quality by mining operations, specific
project or operations technical reports, environmental performance reports, conference
proceedings/reports, and information available through mine operation websites. Documents
provided by MEND include effluent quality data reported by metal mines to Environment
Canada as part of MMER reporting from 2008 — 2010 (Schedule 4), Environmental Effects
Monitoring data from 2009 — 2011 and data for selenium from 2012 (Schedule 5), a list of
metal mines potentially impacted by proposed MMER discharge limits, and a summary of
effluent treatment technologies employed in Ontario by mine operations sourced from the
Ontario Ministry of the Environment Industrial Sewage Works Certificates of Authorizations).
For Revision 1, supporting information provided by MEND included Environmental Effects
Monitoring data for selenium from 2012 (Schedule 5), monthly diamond sector effluent quality
data provided to Environment Canada by diamond operations, and volumetric discharge data
from 2005 — 2012 for metal mines (Schedule 4).

For Revision 1, The Coal Association of Canada also provided a database of effluent quality
data for coal operations in Canada, which was used to update the coal sector effluent
summary and revise augmentative technologies.
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Questionnaires were sent to a total of 164 mine operations in Canada. These were comprised
of operating mines subject to MMER and a few development projects that requested
participation in the study. The operations questionnaire was designed to collect information
concerning mining operations, ore processing, mine waste and water management practices,
and effluent treatment systems and performance.The questionnaire had an overall
completion rate of 45% on an operations basis (i.e., 45% of individual operations identified as
relevant to the study submitted completed questionnaires). This corresponds to about 75 of
the 164 operations identified as relevant. By (sub)sector, the questionnaire completion rate
varied between 32% and 75%. A more detailed summary of questionnaire completion status
by (sub)sector is provided in Table 5-2.

The operations questionnaire was designed to collect information concerning mining
operations, ore processing, mine waste and water management practices, and effluent
treatment systems and performance. The operations questionnaire was reviewed by the
Mining Association of Canada and select industry contacts. The operations questionnaire is
attached to this report as Appendix B.

As part of the additional scope of work, a mini follow-up survey was also sent to a select
group of mining operations where further information was needed specifically regarding their
effluent treatment system, its influent quality and its performance.

The water management and effluent quality control information collected via the operations
questionnaires and independent research, and provided in support documents from MEND
was then organized by mining (sub)sector and compiled into summaries which are presented
in Section 6. For each (sub)sector, the following summaries are provided:

e Subsector Overview:
¢ List and summary of subsector operations and operational status.
¢ Summary of the number of reviewed mines.
¢  Primary and secondary commodities produced by the subsector.
e Untreated Effluent Quality Summary:
¢ Typical contaminants.
*  Factors influencing untreated effluent quality.

¢+ Summary of untreated effluent quality received from Revision 0 questionnaire
respondents and Revision 1 mini-survey respondents.

e Water Management Techniques Summary:
+ Mine facility water management techniques.
¢ Explosives use.
¢+  Waste rock disposal methods and water management techniques.

¢ Tailings disposal methods and water management techniques.
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e Summary of Effluent Treatment Technologies Employed by Operations for Final Effluent
Quality Control:

+ Relative use of observed effluent treatment technologies.

+ Discussion of common or typically employed treatment technologies.
e Treated Effluent Quality Summary
e Model Effluent Treatment System:

+  Process flow diagram of a typical effluent treatment system employed by the
subsector operations for control of effluent quality on which to base subsequent cost
estimates and BATEA selection.

¢ Model water management plan.
¢+ Model effluent treatment system flow rate.
¢ Model effluent treatment system effluent quality analysis and summary.

Section 7 describes the effluent treatment technologies that could be considered best
available technologies (BAT) for the Canadian mining sector. This list was compiled from
treatment technologies currently available on the market, both active and passive, that are
applicable to the control of effluent quality for those contaminants dictated in MEND’s Terms
of Reference: total aluminum, ammonia and its related species, total arsenic, chloride, total
copper, cyanide, total iron, total lead, total manganese, total nickel, phosphorus, total
selenium, total zinc, TSS and pH. The list was generated from in-house knowledge, as well
as, information from numerous industry reports currently available as public documents.

A vendor questionnaire was also distributed to Hatch’s vendor contacts to solicit input
concerning available technologies and existing case studies of their use, as well as capital
and operating cost information.

The technologies identified were then screened against the following criteria questions:
1. Can this technique achieve current MMER discharge limits?

2. Has this technique been demonstrated at full scale on mining effluent?

3. Has this technique been demonstrated under representative climate conditions?

Those technologies that satisfied all three criteria were considered best available
technologies (BAT), and carried forward in the study for consideration as best available
technologies economically achievable (BATEA). BAT selection did not consider technical or
economic aspects of the effluent treatment technique installation or operation.

A technical description of each of the best available technologies was then generated and is
presented in Section 8. Each technology was technically and economically characterized, in
terms of contaminant removal mechanisms, removal efficiencies and/or achievable
concentrations, major equipment, synergies with other technologies, operational challenges,
current application for effluent treatment at Canadian operations, capital and operating cost
considerations, and typical range of costs.
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For each (sub)sector, this list of BAT technologies was further screened to establish which of
the BAT were applicable for the augmentation of the (sub)sector model effluent treatment
system. BATs were deemed non-applicable if the technology was already employed in the
model effluent treatment system, or if the typical effluent quality rendered the technology
unnecessary (e.g., if the concentration of a given contaminant is lower than the achievable
concentration for that contaminant by a given technology).

Order of magnitude capital equipment, capital installed and operating cost estimates were
then prepared for each BAT technology for each sector. These costs are presented in
Section 9. Where relevant, costs include not only the BAT in question but also any auxiliary
technology critical to the operation of the BAT technology within the model effluent flow sheet
(e.g., to apply reverse osmosis to a model effluent treatment system that has no system for
the bulk removal of contaminants, it was assumed a bulk removal system would also be
installed for optimal reverse osmosis operation).

To generate these cost estimates, a variety of cost data sources were utilized to identify
capital equipment costs, including:

e Capital and operating cost data collected via the vendor and operations questionnaire.

e Validated capital and operating cost data collected from operations via review of Revision
A and Revision 0 of this report.

¢ In-house capital and operating cost information.

e Capital and operating cost data specifically collected from vendors in response to
commentary received during review of Revision A and Revision 0 of this report.

e Relative contribution of reagents, labour, power, utilities, transportation, sludge
management and maintenance to operating costs, reported in the operations
questionnaire data.

e Cost data reported in literature.

It is important to note that the capital and operating costs presented in Section 9 have been
developed on an order-of-magnitude basis (£50%) for the sole purpose of this study. These
costs are intended to be generally representative of the incremental capital and operating
costs that the model operation would incur to install and operate the studied technologies, to
support the BATEA selection in this study. Accordingly, the level of engineering performed to
develop these costs was that which was sufficient to produce approximate order-of-
magnitude cost estimates while remaining feasible within the time and budget constraints of
the study. These costs do not include site-specific factors such as process factors (e.g.,
effluent parameters of concern and concentrations, pH, temperature, volume/flow rate) and
site factors (e.g., site location, shipping costs, electricity costs, existing effluent management
and treatment facilities, existing residuals storage/disposal facilities, site layout, available
outdoor footprint, available footprint in process buildings, available utilities, available skilled
labour, discharge criteria, etc.) which may significantly impact the overall cost for
implementation of the technology at a specific site. Therefore, these cost estimates should be
used as indicative or comparative costs only as actual installed costs will vary by site.
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1.2
121

Section 10 contains the BATEA Selection Tables. By (sub)sector, these tables compare, for
each potentially augmentative BAT, the achievable concentrations, operating cost, capital
cost, process reliability/robustness, and pertinent risks or opportunities against the model
effluent management and treatment systems. Section 10 then selects the BATEA technology
for each (sub)sector to augment the model treatment flow sheet presented in Section 6. The
BATEA evaluation was based on a series of comparisons weighing the cost/benefit of the
various BAT technologies. Best professional judgment was then used to make the selection.

e Effluent concentrations achievable by the BAT technology were compared against the
performance of the (sub)sector model flow sheets to determine the magnitude of
reductions in concentration, if any.

e Capital cost and operating cost of the BAT technology was compared against the
reported model flow sheet capital and operating cost and the resultant percentage
increase in cost noted as either a minor, moderate, or major increase.

e Capital cost of the BAT technology was also compared against the reported range of
previous capital investments for upgrades and retrofits to existing (sub)sector effluent
treatment systems and the cost noted as either within the range or exceeding the range.

Section 11 contains the conclusions reached and recommendations going forward. It is
important to note that BATEA selection is not universal for each (sub)sector due to site-
specific considerations. The BATEA selection is bounded by strict criteria for BAT

(e.g., technology/technique has been demonstrated at full scale on mining effluent and under
representative climate conditions) and in the context of a model non-greenfield operation with
an existing effluent management and treatment system for given nominal and design
treatment capacities.

Selected BATEA would be upgrades or retrofits to existing equipment for which capital has
already been expended and therefore, associated with sustaining costs rather than initial
capital costs. This affects the consideration of what is economically achievable. BATEA
selected for greenfield operations may be different than that selected for existing model
operations. Selection of BATEA for greenfield operations was not the focus of this study;
however, some suggestions for greenfield operations are made. Technologies screened out
as BAT and not selected as BATEA in this report could, in fact, prove to be BATEA for some
site-specific applications.

Summary of BATEA by (Sub)Sector

Metals Sector: Base Metal

The review of the Canadian base metal subsector included a total of 43 mine, mill and
smelter sites (“operations”), out of a total of 57 operations identified as relevant to this study
(see Section 6.1 for details). Of the operations reviewed, 33 submitted questionnaires as part
of the data collection portion of the study. Information for an additional 12 operations was
collected from independent research efforts and from in-house information.

The model effluent treatment system is illustrated in Figure 6-16. In this model, effluent is
treated via hydroxide precipitation and bulk TSS removal via pond-based settling. The lime
addition/holding/settling pond(s) also allows time for passive natural degradation of ammonia.
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The effluent is dosed with coagulant and flocculant before precipitates and TSS are then
allowed to settle in the settling pond. Settling pond decant is pH adjusted with carbon dioxide
to meet MMER pH limits and/or un-ionized ammonia/toxicity requirements prior to discharge
to the environment.

An analysis of the complete data set of final discharge effluent quality for the base metal
subsector was undertaken to identify the effluent qualities produced by effluent treatment
systems that are similar or equivalent to the model effluent treatment system. This analysis is
presented in Section 6.1.5.4 and utilizes Schedule 4 and Schedule 5 final discharge effluent
quality reported to Environment Canada in 2008 — 2010, and 2009 — 2012, respectively.

Based on this analysis, Table 6-20 summarizes the effluent quality (maximum, minimum,
average and 95" percentile concentrations) estimated to be achieved by the model effluent
treatment system based on this analysis. Where parameters are not targeted by the model
effluent treatment system, the 95" percentile of the total cohort was utilized to represent the
concentration of that parameter from the model effluent treatment system.

The range, average and median values for flow rates from several information sources
reporting treatment system flow rate and discharge volumes at base metal operations are
presented in Table 6-8. 2,000 m%h was chosen as the design capacity for the base metal
subsector model effluent treatment system and was used for capital cost estimating for
system augmentation. For operating cost estimating for system augmentation, the nominal
flow rate for the base metal subsector model effluent treatment system of 870 m%h was
utilized.

For the base metal subsector, BATEA has been defined as:

Sulfide precipitation with proprietary polymeric organosulfide chemicals for dissolved
metals polishing (including copper, iron, nickel, and zinc).

Model flow sheet for total ammonia, bulk metals (including aluminum, arsenic, copper,
iron, lead, nickel, radium-226, selenium, zinc), and solids (TSS) removal.

When compared to the model flow sheet, sulfide precipitation with proprietary polymeric
organosulfide chemicals resulted in the following:

Order of magnitude reduction in many of the metals of concern (iron, nickel, and zinc).

Upgrade capital cost investment of roughly 5 to 42% of the model flow sheet capital cost
and an operating cost increase of almost 100% up to 1,640%, representing a minor to
moderate capital cost investment but a major operating cost expenditure from the model
operation.

The capital cost for this BATEA is within the reported range of previous capital
investments for upgrades and retrofits to existing base metal effluent management and
treatment systems (less than CAD$5,000,000). It is of interest to note that two Canadian
base metal operations have already undertaken upgrades to include this technique within
their effluent management and treatment systems; however, both of these operations
have equipment-based effluent treatment systems rather than pond-based systems.
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1.2.2

e No generation of spent regenerant (ion exchange) or concentrate (reverse osmosis,

nanofiltration) stream. Other technologies evaluated produce these residual streams,
which require specific management, therefore increasing the overall capital and operating
cost of these options.

It should be noted that testwork is recommended to confirm proprietary reagent demand,
efficacy, and precipitate settleability. Also, as the chemicals may be acutely lethal to rainbow
trout and Daphnia magna at certain residual chemical concentrations in effluent, testing is
advised to verify that treated effluent complies with toxicity requirements. It is also advised
that treated effluent be discharged rather than recirculated for any purpose such that cycling
up of residual chemical concentration is limited.

Due to the relatively recent adoption of these reagents and the proprietary nature of their
formulations, little is known about the long term stability of residuals and the potential for acid
generation and metals remobilization. If residuals are not kept stable, significant costs
associated with residuals stabilization technology or re-treatment of residual leachate could
be incurred.

Hatch cautions that this technique should only be considered BATEA for operations that are
capable of and dedicated to careful control of operating regimes to prevent effluent toxicity as
well as careful control of residuals storage conditions to prevent long term instability and the
potential generation of acid through sulfide oxidation and metals remobilization.

Metals Sector: Precious Metal

A total of 56 mine and mill operations were identified as relevant to this study. The review of
the Canadian precious metal subsector for this study included a total of 40 precious metal
mine operations, 31 of which began or completed questionnaires during the data collection
portion of this study. Additional effort undertaken during the second phase of work for this
study resulted in the receipt of additional effluent treatment system information and paired
influent/effluent data from operations that had previously begun (but not completed) or
completed the questionnaire. Information for an additional 9 operations was collected from
independent research efforts and from in-house information.

The typical model effluent treatment system for precious metal operations carried forward in
this study is INCO SO./air cyanide destruction applied to tailings prior to final deposition,
followed by low density sludge lime hydroxide precipitation for treatment of tailings run-off,
tailings supernatant and mine and waste rock untreated effluent prior to discharge. This
treatment process is illustrated in Figure 6-31.

It is acknowledged that due to the high variability in treatment processes among operations,
this process is not representative of the majority of the effluent treatment systems reviewed.
However, this process is expected to achieve an effluent quality similar to systems employing
other cyanide destruction processes and so provides a system representative of the
achievable effluent concentrations.
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An analysis of the complete data set of final discharge effluent quality for the precious metal
subsector was undertaken to identify the effluent qualities produced by effluent treatment
systems that are similar or equivalent to the model effluent treatment system. This analysis is
presented in Section 6.2.5.4 and utilizes Schedule 4 and Schedule 5 final discharge effluent
quality reported to Environment Canada in 2008 — 2010, and 2009 — 2012, respectively.

Based on this analysis, Table 6-40 summarizes the effluent quality (maximum, minimum,
average and 95" percentile concentrations) estimated to be achieved by the model effluent
treatment system based on this analysis. Where parameters are not targeted by the model
effluent treatment system, the 95" percentile was utilized to represent the concentration of
that parameter from the model effluent treatment system.

The range, average and median values for flow rates from several information sources
reporting treatment system flow rate and discharge volumes at precious metal operations are
presented in Table 6-46. 600 m%h was chosen as the design capacity for the precious metal
subsector model effluent treatment system and was used for capital cost estimating for
system augmentation. For operating cost estimating for system augmentation, the nominal
flow rate for the precious metal subsector model effluent treatment system of 180 m%h was
utilized.

For the precious metal subsector, BATEA has been defined as:

e Sulfide precipitation with proprietary polymeric organosulfide chemicals for dissolved
metals polishing (including arsenic, copper, iron, nickel, and zinc).

e Active aerobic biological oxidation for total ammonia removal.

e Model flow sheet for cyanide, bulk metals (including aluminum, arsenic, copper, iron,
lead, nickel, radium-226, selenium, zinc), and solids (TSS) removal.

When compared to the model flow sheet, sulfide precipitation with proprietary polymeric
organosulfide chemicals resulted in the following:

e Order of magnitude reduction in many of the metals of concern (arsenic, copper, iron, and
nickel).

e Upgrade capital cost investment of less than 1% of the model flow sheet capital cost and
an operating cost increase of roughly 6 to 58%, representing a relatively minor capital
cost investment but a moderate to major operating cost expenditure from the model
operation.

e The capital cost for this BATEA is within the reported range of previous capital
investments for upgrades and retrofits to existing precious metal effluent management
and treatment systems (less than CAD$5,000,000).

e No generation of spent regenerant (ion exchange) or concentrate (reverse osmosis,
nanofiltration) stream. Other technologies evaluated produce these residual streams,
which require specific management, therefore increasing the overall capital and operating
cost of these options.
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It should be noted that testwork is recommended to confirm proprietary reagent demand,
efficacy, and precipitate settleability. Also, as the chemicals may be acutely lethal to rainbow
trout and Daphnia magna at certain residual chemical concentrations in effluent, testing is
advised to verify that treated effluent complies with toxicity requirements. It is also advised
that treated effluent be discharged rather than recirculated for any purpose such that cycling
up of residual chemical concentration is limited.

Due to the relatively recent adoption of these reagents and the proprietary nature of their
formulations, little is known about the long term stability of residuals and the potential for acid
generation and metals remobilization. If residuals are not kept stable through prudent
disposal techniques, significant costs associated with residuals stabilization technology or re-
treatment of residual leachate could be incurred.

Hatch cautions that this technique should only be considered BATEA for operations that are
capable of and dedicated to careful control of operating regimes to prevent effluent toxicity as
well as careful control of residuals storage conditions to prevent long term instability and the
potential generation of acid through sulfide oxidation and metals remobilization.

Many precious metal operations use cyanide in ore processing. Cyanide which reports to
tailings is oxidized to cyanate via cyanide destruction processes or passive natural
degradation, and cyanate hydrolyzes to ammonia. Thus, the origins of ammonia in precious
metal effluent are both explosives used in mining operations and cyanide used in ore
processing. Well established and executed explosives best management plans can minimize
some of the amount of ammonia that reports to effluent. Moreover, conditions that are
conducive to natural degradation of ammonia in pond(s) could be promoted to achieve further
ammonia removal within the subsector model effluent management and treatment system
(e.g., elevating pH, aerating, maximizing surface area to depth ratio). Active aerobic biological
oxidation (via MBBR) was selected as BATEA to achieve additional removal of total ammonia
from the model flow sheet.

When compared to the model flow sheet, active aerobic biological oxidation (via MBBR)
resulted in the following:

e Active aerobic biological oxidation (via MBBR) has been shown to reduce total ammonia
concentrations to <2 mg-N/L. Given that the concentration of total ammonia achieved by
the model effluent treatment system in the precious metal subsector is 12 mg-N/L
(Table 6-40), this represents an 83% reduction in total ammonia concentrations. For
operations that are achieving effluent concentrations closer to the average total ammonia
concentration of the sector, the addition of this BATEA technology would not be
warranted.

e Upgrade capital cost investment of 33 to 530% of the model flow sheet capital cost and
an operating cost increase of roughly 19 to 178%. This represents a major capital cost
investment and a moderate to major operating cost expenditure for the model operation.
However, it is recognized that operating costs could increase substantially if heat
exchange was required to be implemented for year-round operating purposes.

September 2014 Page 10



=S MEND
¥ HATCH ~ R
MEND Report 3.50.1 Study to Identify BATEA for the Management and Control of Effluent Quality from Mines

e The capital cost for this BATEA exceeds the reported range of previous capital
investments for upgrades and retrofits to precious metal effluent management and
treatment systems (<CAD$5,000,000). However, the precious metal subsector seems to
be developing more interest in the technology, with one operation in Quebec converting
its RBC active aerobic biological oxidation process to MBBR, one operation in
Saskatchewan implementing MBBR by the end of 2013, and one operation in Ontario
piloting MBBR during winter 2013/2014.

1.2.3 Metals Subsector: Iron Ore

The review of the Canadian iron ore subsector included all 6 operating iron ore operations,
one of which submitted a completed questionnaire and four of which completed the mini-
survey distributed during the Revision 1 phase of work. Information for these operations and
the operation that did not submit any information was also collected from independent
research efforts and from in-house information.

The model effluent treatment system is illustrated in Figure 6-34. In this model, effluent is
treated for solids removal via pond-based settling. The use of flocculant to aid in the settling
of solids is employed. This system closely resembles reviewed effluent treatment systems,
but is not identical to any one treatment system.

An analysis of the complete data set of final discharge effluent quality for the iron ore
subsector was undertaken to identify the effluent qualities produced by effluent treatment
systems that are similar or equivalent to the model effluent treatment system. This analysis is
presented in Section 6.4.5.4 and utilizes Schedule 4 and Schedule 5 final discharge effluent
quality reported to Environment Canada in 2008 — 2010, and 2009 — 2012, respectively and
additional effluent data gathered through independent research on iron ore operations in
Newfoundland and Labrador.

Based on this analysis, Table 6-57 summarizes the effluent quality (maximum, minimum,
average and 95" percentile concentrations) estimated to be achieved by the model effluent
treatment system based on this analysis. Where parameters are not targeted by the model
effluent treatment system, the 95" percentile was utilized to represent the concentration of
that parameter from the model effluent treatment system.

The range, average and median values for flow rates from several information sources
reporting treatment system flow rate and discharge volumes at iron ore operations are
presented in Table 6-46. 7,000 m®h was chosen as the design capacity for the iron ore
subsector model effluent treatment system and was used for capital cost estimating for
system augmentation. For operating cost estimating for system augmentation, the nominal
flow rate for the iron ore subsector model effluent treatment system of 3,900 m%h was
utilized.

For the iron ore subsector, BATEA has been defined as:

e Model flow sheet for solids (TSS), metals (aluminum, arsenic, copper, iron, lead, nickel,
radium-226, selenium, and zinc) and total ammonia removal.
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1.2.4 Metals Subsector: Uranium
The review of the Canadian uranium subsector included a total of 12 operations, 7 of which
submitted complete operations questionnaires as part of the data collection portion of the
study. Information for the other 5 operations was collected from independent research efforts
and from in-house information. As the information provided via the original questionnaire was
complete and detailed, no additional information was collected from these sites, except where
necessary to clarify original submissions.

The model effluent treatment system is illustrated in Figure 6-48. In this model, effluent is
treated by 2 stages of treatment, to target parameters that are removed at significantly
different pHs; one high pH stage for precipitation of metals which precipitate in basic
conditions (i.e., nickel) and one low pH stage for metals and other parameters that precipitate
or co-precipitate in acidic conditions (i.e., molybdenum, selenium, radium co-precipitation with
barium sulfate). Between the chemical reaction stages, there is a clarification step to separate
precipitates from the treated water followed by filtration for additional suspended solids
removal. Ponds are employed for pre-treatment equalization and for post-treatment
monitoring and/or settling. This system closely resembles two of the existing effluent
treatment systems reviewed, however is not identical to any one operation’s effluent
treatment system.

An analysis of the complete data set of final discharge effluent quality for the uranium
subsector was undertaken to identify the effluent qualities produced by effluent treatment
systems that are similar or equivalent to the model effluent treatment system. This analysis is
presented in Section 6.4.5.4 and utilizes Schedule 4 and Schedule 5 final discharge effluent
quality reported to Environment Canada in 2008 — 2010, and 2009 — 2012, respectively.

Based on this analysis, Table 6-77 summarizes the effluent quality (maximum, minimum,
average and 95" percentile concentrations) estimated to be achieved by the model effluent
treatment system based on this analysis. Where parameters are not targeted by the model
effluent treatment system, the 95" percentile was utilized to represent the concentration of
that parameter from the model effluent treatment system.

The range, average and median values for flow rates from several information sources
reporting treatment system flow rate and discharge volumes at uranium operations are
presented in Table 6-65. 500 m%h was chosen as the design capacity for the uranium
subsector model effluent treatment system and was used for capital cost estimating for
system augmentation. For operating cost estimating for system augmentation, the nominal
flow rate for the uranium subsector model effluent treatment system of 350 m®h was utilized.

For the uranium subsector, BATEA has been defined as:
e Active aerobic biological oxidation for total ammonia removal.

e Model flow sheet for metals (including aluminum, arsenic, copper, iron, lead, nickel,
radium-226, selenium, zinc) and solids (TSS) removal.

When compared to the model flow sheet, active aerobic biological oxidation (via MBBR)
resulted in the following:
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e Active aerobic biological oxidation (via MBBR) has been shown to reduce total ammonia
concentrations to <2 mg-N/L. Given that the concentration of total ammonia achieved by
the model effluent treatment system in the uranium subsector is 23 mg-N/L, this
represents a 91% reduction in total ammonia concentrations. For operations that are
achieving effluent concentrations closer to the average total ammonia concentration of
the sector, the addition of this BATEA technology would not be warranted.

e Upgrade capital cost investment of 55 to 274% of the model flow sheet capital cost and
an operating cost increase of roughly 15 to 30%. This represents a major capital cost
investment and a minor to moderate operating cost expenditure for the model operation.
However, it is recognized that operating costs could increase substantially if heat
exchange was required to be implemented for year-round operating purposes.

e The capital cost for this BATEA exceeds the reported range of previous capital
investments for upgrades and retrofits to uranium effluent management and treatment
systems (CAD$1,000,000 to CAD$2,000,000).

In Revision 0 of this report, sulfide precipitation with proprietary polymeric organosulfide
polymers was recommended as BATEA for dissolved metals polishing. However, this
recommendation was eliminated based on the Revision 1 analysis of concentrations achieved
by the model effluent treatment system for the uranium subsector which showed that
augmentation of the model effluent treatment system with sulfide precipitation with proprietary
polymeric organosulfide polymers would only permit an order of magnitude reduction in
treated effluent concentration for nickel and marginal reductions in treated effluent
concentrations for arsenic, copper, iron, and zinc.

1.25 Diamond Sector
The review of the Canadian diamond sector included all 4 producing Canadian operations, as
listed in Table 6-78, 3 of which submitted questionnaires as part of the data collection portion
of the study, and 1 of which was researched independently. Jericho Diamond Mine in
Nunavut was not evaluated in this study as it is assumed to be an abandoned operation and
is in the care of the federal Contaminated Sites Program. As the information provided via the
original questionnaire was complete and detailed, no additional information was collected
from these sites, except where necessary to clarify original submissions.

The model effluent treatment system is illustrated in Figure 6-59. In this model, effluent is
equalized prior to treatment and bulk TSS is removed via pond-based settling. The
equalization/settling pond(s) also allow time for passive natural degradation of ammonia and
phosphorus. The effluent is coagulated (e.g., with ferric sulfate or aluminum sulfate). If
required, to adjust effluent pH, hydroxide reagent (e.g., lime, sodium hydroxide) may be
added on a contingency basis. Coagulated TSS and precipitates are then allowed to settle,
aided by flocculant, in a clarifier. Clarifier overflow is then polished by media filtration before
being pH adjusted with sulfuric acid to meet un-ionized ammonia/toxicity limits prior to
discharge to the environment. Clarifier underflow is co-disposed with tailings.This system
closely resembles several existing effluent treatment systems, but is not identical to any one
treatment system. This system is consistent with the BAT and BACT findings of previous
studies.
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An analysis of the complete data set of final discharge effluent quality for the diamond sector
was undertaken to identify the effluent qualities produced by effluent treatment systems that
are similar or equivalent to the model effluent treatment system. This analysis is presented in
Section 6.5.5.4 and utilizes final discharge effluent quality for diamond operations provided to
Environment Canada.

Based on this analysis, Table 6-90 summarizes the effluent quality (maximum, minimum,
average and 95™ percentile concentrations) estimated to be achieved by the model effluent
treatment system based on this analysis. Where parameters are not targeted by the model
effluent treatment system, the 95" percentile was utilized to represent the concentration of
that parameter from the model effluent treatment system. The range, average and median
values for the typical effluent flow rates from diamond operations are presented in

Table 6-85. 3,000 m*/h was chosen as the design capacity for the diamond sector model
effluent treatment system and was used for capital cost estimating for system augmentation.
For operating cost estimating for system augmentation, the nominal flow rate for the diamond
sector model effluent treatment system of 2,000 m®h was utilized.

For the diamond sector, BATEA has been defined as:

e Model flow sheet for chloride, bulk metals (including phosphorus), ammonia, and solids
(TSS) removal.

1.2.6 Coal Sector
The review of the Canadian coal sector included a total of 16 operations, 13 of which
submitted complete operations questionnaires as part of the data collection portion of the
study. An additional 3 operations partially completed questionnaires. Stantec’s 2011 report
“Study on Canadian Coal Mining Effluents” prepared for Environment Canada was used to fill
in any missing information not provided in the questionnaires.

The model effluent treatment system is illustrated in Figure 6-71. In this model, bulk TSS is
removed via pond-based settling and polishing which may be assisted by the addition of
flocculant. The settling and polishing pond(s) also allow time for passive natural degradation
of ammonia. This system c