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EXECUTIVE SUMMARY

Uranium mining was undertaken in the Elliot Lake area of north-eastern Ontario for 1997and again
from the early 1970’s until the early 1990’s when most of the mines ceased operations. In total,
there are eleven decommissioned mining operations and associated tailings management areas
(TMASs) located in the Serpent River Watershed. The TMAs are in the long-term care and
maintenance phase following closure that includes effluent treatment, source and watershed
monitoring and TMA care and maintenance. All of the TMAs discharge to the Serpent River
Watershed, except Pronto which discharges to the north shore of Lake Huron. The long-term
care and maintenance of these sites is the responsibility of Rio Algom Limited and Denison Mines
Inc.

As part of the closure and decommissioning process, Rio Algom and Denison developed a
focused and integrated performance monitoring network. The comprehensive monitoring and
management strategy clearly defined and delineated the purpose for all monitoring activities
through three integrated programs; the TMA Operational Monitoring Program (TOMP), the Source
Area Monitoring Program (SAMP) and the Serpent River Watershed Monitoring Program
(SRWMP).

The objective of this Serpent River Watershed State of the Environment Report was to integrate
recent monitoring data from the TOMP, SAMP, and SRWMP to provide an assessment of current
TMA performance and the conditions in the downstream Serpent River Watershed relative to TMA
sources. The report presents data from the SRWMP, TOMP, and SAMP data from January 2010
to December 2014 (five years).

The licensees continue to make improvements in TMA infrastructure, treatment, and monitoring
systems which allows for continuous improvement in TMA performance and demonstration of
improving conditions within the licensed areas and downstream.

In-Basin Quality

Since decommissioning, conditions in the TMA basins have improved and basin water quality is
generally at or near levels predicted in the Environmental Impact Statements (EIS). Water quality
has continued to improve in recent years (2003 to 2014) based on decreasing concentrations of
radium-226, sulphate, and uranium, as well as increasing pH levels, at most TMAs. The only
exception was observed at Denison TMA-1 where radium-226 and barium concentrations have
been increasing and pH has been decreasing in surface water. The radium-226 and barium trend
appears to be associated with a step change in 2008 and is thought to be caused by decreasing
sulphate concentrations in the TMA. This results in the dissolution of barium or calcium sulphate
compounds to which radium-226 is associated, and subsequent release of radium-226 and
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barium from the tailings. It is expected that radium-226 concentrations in porewater will stabilize
over time once the dissolution of sulphate compounds re-equilibrates with aqueous sulphate
concentrations. Decreasing pH in the TMA-1 basin is believed to be associated with the depletion
of lime that was added to the basin in 1998. While pH has decreased, the change in pH over the
past 12 years has been very small and pH within the TMA remains neutral, achieving the
Provincial Water Quality Objectives (PWQO) prior to treatment at Station D-1.

Generally, trends in porewater concentrations reflected those observed in surface water within
the basins, but trends in groundwater were more variable. With few exceptions, porewater and
groundwater trends indicated improving water quality and relative to Cycle 3, continue to be
indicative of improved porewater and groundwater quality. Where increasing metals or
decreasing pH trends were observed, these were associated with deeper sampling stratums and
represent the flushing of historical porewater from the TMAs.

TMA Discharges

Primary mine discharges, which contribute the majority of chemical loadings to the receiving
environment, have also been improving over time. Where trends were detected, radium-226,
sulphate, and uranium concentrations decreased in TMA effluents. The only exception to this
was at Stanleigh, where radium-226 effluent concentrations have been increasing over time,
although concentrations in the basin have been decreasing. The increase in radium-226 in the
effluent may be, in part, associated with decreasing sulphate concentrations in the TMA basin.
As sulphate decreases, more barium chloride is required to precipitate radium-226 with barium
sulphate and remove it from the effluent. Thus, the increase in radium-226 and barium is
associated with decreased treatment efficiencies attributed to lower sulphate concentrations in
the TMA.

At Denison and Quirke TMA’s, effluent pH showed a decreasing trend, but this appeared to be
associated with a decrease in pH relative to previous pH levels which were higher due to in-basin
liming activities. In all cases, effluent pH remains circum neutral.

Trend analysis for 2003-2014 data indicated barium concentrations have been increasing at the
primary discharge locations (D2, D-3, Q-28, and CL-06) of the flooded basins, but this was largely
due to greater barium chloride use either in response to increased flows or due to lower sulphate
concentrations influencing treatment efficiencies. In all cases barium concentrations in
discharges were well below toxicity thresholds.

Over, the past five years, effluent quality has consistently achieved discharge criteria at all TMAs.
Effluent has also been consistently non-lethal to Daphnia magna and rainbow trout with no
mortality reported in semi-annual acute toxicity tests. Similarly, reproduction of Ceriodaphnia
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dubia was not affected by exposure to 100% effluent in most tests conducted over the past five
years at all TMAs.

Direct seepage releases from the TMAs to the receiving environment only occur in the Quirke
Lake sub-watershed and downstream of the Nordic Coffer Pond. Seepage concentrations have
been improving over time at all seepage monitoring locations. While metal concentrations tend
to be highest and pH lowest in these sources, their loads to the receiving environment are low
compared to primary discharges and background (upstream) loads. As noted in the previous
SOE reports (Minnow 2011), the radium-226 load within the Serpent River downstream of the
Denison TMA discharge (D-5) continues to be higher than the loading from the Denison TMA or
the upstream watershed (D-4), and is likely associated with the historical deposits of treatment
solids downstream of the Denison TMA (EcoMetrix 2011a). Diffusion modelling indicated that
radium-226 release from the sediment should decrease with time (EcoMetrix 2011a). However,
radium-226 concentrations in surface water immediately downstream at station D-5 remain well
less than the SRWMP benchmark (i.e., PWQO).

Watershed Conditions

The improvements within the TMAs were reflected in the downstream watershed. With few
exceptions, annual mean water concentrations (2010 to 2014) were less than SRWMP
benchmarks for most substances. All samples of barium, pH, radium-226, sulphate and uranium
were less than (or greater than for pH) the water quality benchmarks. Manganese, which is only
monitored at station D-6 (downstream of seepage from Denison TMA) only exceeded the
benchmark in 10% (2 samples) of the samples collected over the 5 year period. Iron periodically,
exceeded the benchmark at stations D-6, DS-18 and M-01, although most samples (> 80%)
achieved the benchmark. Furthermore, concentrations of radium-226, sulphate, and uranium
continue to decrease in surface water over time, with the exception of the outlet of McCabe Lake
(SR-06), where radium-226 and barium have been increasing due to reduced treatment
efficiencies at the Stanleigh TMA. However, both radium-226 and barium remain well below the
water quality benchmarks at this location and achieve the concentrations predicted concentrations
in the Environmental Impact Statement.

Sediment deposition rates within Quirke, McCabe, and Nordic lakes downstream of the TMAs
were investigated as part of a two year study (2011 and 2012) to determine the expected sediment
recovery rates for the watershed. The study found that deposition rates in the three lakes ranged
from 0.3 mm/year to 0.74 mm/yr, which translates into the deposition of 1 cm of sediment every
33 to 13 years. Therefore, even at the lake with the highest deposition rates (Nordic Lake), it
would take more than ten years to accumulate 1 cm of sediment. This means that the frequency
of monitoring in the SRWMP (i.e., five years) was too rapid to expect a detectable measurable
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improvement in benthic invertebrate community health and sediment quality. Based on the results
of the sediment deposition study, the frequency of sediment and benthic invertebrate sampling
was reduced to every 10 years. The next sediment and benthic invertebrate community
monitoring will be conducted in 2019, and the findings of the assessment will be included in the
next SOE report (2020).

Public Dose

To date estimates of public dose have been based on the use of very conservative values to
demonstrate that public dose in the vicinity of Elliot Lake does not exceed the upper dose limit.
Measurements of radon and gamma collected during mine operations result in dose estimates
which are less than 5% of the public dose limit. Dietary exposure pathway analysis conducted in
2009 indicated that the total dose to generic human and a Serpent River Frist Nation (SRFN)
member residing on area lakes and consuming fish, moose and waterfowl from near field lakes
were also well below the public dose limit.

The licensee’'s (RAL and DMI) will develop an interim monitoring program to support
representative public dose estimates for an Elliot Lake resident based on readily available
information on public access and exposure under current closed conditions. The interim program
will be developed and implemented in 2016 with updated representative public dose estimates
reported in the annual SRWMP reports for 2016- 2020. An updated detailed design for public
dose determination will be included in the Cycle 5 study design with results incorporated into the
next SOE report (2020).

Summary

The TMAs are performing well in terms of meeting EIS predictions and reflecting improving
conditions. The Serpent River Watershed is responding to these improvements, with water quality
responding (improving) more rapidly than sediment and benthic invertebrates. Public dose
estimates using conservative measures indicated that the upper bounds of public dose are below
the public dose limits. A monitoring program will be designed and implemented which will result
in a more realistic estimate of public dose being incorporated into future SOE reports.
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1 INTRODUCTION

1.1 Site and Program History

Uranium mining was undertaken in the Elliot Lake area of north-eastern Ontario for approximately
forty years. The mines generally operated from the late 1950’s to the mid 1960’s and again from
the early 1970’s until the early 1990’s when most of the mines ceased operations (Table 1.1). In
total, there are eleven decommissioned mining operations located in the Serpent River Watershed
(Quirke | and Quirke Il, Panel, Denison, Spanish-American, Can-met, Stanrock, Stanleigh,
Milliken, Lacnor, Nordic, Buckles), and one other (Pronto) is located near the north shore of Lake
Huron (Figure 1.1). Associated with the mine sites are eleven decommissioned tailings
management areas (TMAs) of which seven are flooded (Denison TMA-1, Denison TMA-2, Panel,
Quirke, Spanish-American, Milliken and Stanleigh) and four are vegetated (Lacnor, Nordic, Pronto
and Stanrock). Tailings were also historically deposited in Buckles Creek adjacent to the Nordic
TMA and Sheriff Creek adjacent to the Milliken mine. These areas are included within the licensed
areas.

Final decommissioning and closure of the Quirke, Panel, Denison, Stanrock and Spanish-
American properties was undertaken between 1992 and 1996. The Stanleigh Mine and the
historic properties (i.e., mine sites that operated in the 1950’s and 1960’s only; Table 1.1) were
decommissioned from 1997 to 2000 and, in the case of Stanleigh, was not complete until 2002
(i.e., when flooding was completed). The TMAs are currently in long-term care and maintenance
following closure that includes effluent treatment, source and watershed monitoring, and TMA
care and maintenance. All of the TMAs discharge to the Serpent River Watershed, except Pronto
which discharges to the north shore of Lake Huron. The long-term care and maintenance of these
sites is the responsibility of Rio Algom Limited and Denison Mines Inc.

At the time of closure, each mine had its own environmental monitoring program conducted under
an operating license from the Atomic Energy Control Board (AECB), the predecessor of the
Canadian Nuclear Safety Commission (CNSC), and/or a Certificate of Approval (CofA) from the
Ontario Ministry of the Environment (MOE). As part of the environmental approvals for the closure
and decommissioning plans, Rio Algom and Denison evaluated their existing monitoring
requirements in terms of their relevance to current and closure conditions. In 1997, the two
companies began reviewing the existing environmental data, together with predicted changes
associated with decommissioning, the latter of which was outlined in Environmental Impact
Statements (EIS). The first outcome was the development of the Serpent River Watershed
Monitoring Program (SRWMP) to replace the various mine-specific receiving environment
monitoring programs with one comprehensive, harmonized watershed monitoring program. A
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Table 1.1: Elliot Lake mines - operating history, size and cover type.

Decommissioning TMA Tailings Area
. d H H apye
Site Operating Period Period (million (ha) Cover Type
tonnes)
Feb 1958 - June 1961;
Panel 1979 - Aug 1990 1992-1994 16.0 130.5 flooded
Denison (deposited in )
TMA-1 and TMA-2) May 1957 - Apr 1992 1992-1998 59.7; 3 240 flooded
Lacnor Sep 1957 - Jul 1960 1998-1999 2.7 27 vegetated
Milliken Apr 1958 - June 1964 circa 1974 0.08° 23.1 flooded
Nordic/Buckles ® Jan 1957 - Jul 1968 1997-1999 12.0 117.3 vegetated
Pronto Aug 1958 - 1970 1999 2001 44° 47 vegetated
. Sep 1956 - Feb 1961;
Quirke Aug 1968 - 1992 1989-1997 46.0 192 flooded
Spanish-American May 1958 - Feb. 1959 1994-1995 0.45 12 flooded
. Mar 1958 - June 1960;
Stanleigh 1983 - June 1996 1996-2002 20.5 411 flooded
Stanrock and Canmet 1958 - late 1964 and 1992-1998 5.7 52 vegetated

Oct 1957 - Mar 1960

Notes

@ Majority of Milliken tailings (5.7 Mt) deposited at Stanleigh TMA, volume given for tailings deposited in Milliken TMA.

® Includes 0.04 Mt of contaminated sediment consisting of fine tailings and Ba(Ra)S@n 10.3 ha Buckles Creek.

° Includes 2.1Mt of uranium tailings and 2.3Mt of copper tailings.

4 Denison Mines Inc. owns the Denison, Canmet and Stanrock properties and Rio Algom Limited owns the Quirke, Panel, Spanish-American, Lacnor,

Nordic, Milliken, Stanleigh and Pronto properties.
Adopted from Table 5.2.2 CNSC, 2002.




Rachester Lake

e N e

Streams

[ ] Lakesincluded in SRWMP

- Reference Lakes

- Tailings Management Areas

Minesites

— 3 Direction of Flow
1 Under Lacnor-Nordic TMA License

North Channel

Pecyrs
Lake

0 6 Kilometers
?
1:155000
Figure 1.1 _rm-rn#_‘_y_—

Serpent River Watershed and Location of
Former Mines and Tailings Management
Areas

Project Mo, 2555 Sourss Ellict Lake Ressarch Figld Station
Date: February 2018




minnow environmental inc. Rio Algom Limited and Denison Mines Inc.
Project 2555 Serpent River Watershed State of the Environment — Cycle 4 (2010 — 2014)

companion program, the In-Basin Monitoring Program (IBMP), was also developed to assess the
health risks to biota potentially feeding at each of the aquatic and vegetated TMAs. These
programs were approved and implemented in 1999 (Beak, 1999a, b).

The Source Area Monitoring Program (SAMP) was the third program to evolve from the
rationalization of the monitoring requirements associated with the licenses and certificates of
approvals for the closed mines near Elliot Lake (Minnow 2002a). The purpose of the SAMP is to
monitor the nature and quantity of constituents being discharged from the TMAs to the Serpent
River Watershed (SRW). Therefore, the program focuses on monitoring stations that represent
the final points of release or control from each TMA to the watershed. The SAMP was designed
to complement the SRWMP and IBMP in terms of monitoring locations, variables and sampling
frequency, and thus ensure that the overall monitoring framework is comprehensive and
interpretable. The SAMP was approved in 2002 and implemented January 1, 2003.

The fourth and final program involved updating the monitoring requirements associated with
internal TMA management, referred to as the TMA Operational Monitoring Program (TOMP;
Minnow 2002b). The TOMP was designed to track TMA performance and support decisions
regarding the management of the TMAs. The TOMP program was implemented concurrently with
the SAMP in January 2003.

The end result of the rationalized monitoring programs for the Elliot Lake mine sites was the
development of a comprehensive monitoring and management strategy that clearly defined and
delineated the purpose for all monitoring activities. This ensured that all monitoring was objective-
driven and would allow for modifications to be made over time in response to demonstrated
conditions.

Each of the monitoring programs has been developed in consultation with and approved by the
Elliot Lake Joint Review Group (JRG). The JRG is a multi-stakeholder committee comprised of
representatives from the Canadian Nuclear Safety Commission (CNSC), Department of Fisheries
and Oceans (DFO), Environment Canada (EC), Ontario Ministry of Environment and Climate
Change (MOECC), Ontario Ministry of Natural Resources and Forestry (MNRF), Ontario Ministry
of Labour (MOL) and the Ontario Ministry of Northern Development and Mines (MNDM). The
JRG continues to participate in the programs through the review of monitoring and design reports
for the SAMP, the TOMP, and the SRWMP.

To date, two SRWMP reports have been completed; the Cycle 1 report which captured the first
year of water quality monitoring (1999 to 2000) as well as the first sediment and biological
monitoring study implemented in 1999 (Minnow and Beak 2001) and the Cycle 2 report which
presents the 2005 sediment and biological monitoring results as well as water quality data
collected throughout the watershed during the first five years of the program (Minnow 2005). In

_/"'_“"'---._
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2008, Rio Algom and Denison mines prepared a “State of the Environment” (SOE) report (Minnow
2009a) which assessed conditions at each of the TMAs based on the SAMP, TOMP and IBMP
and integrated the findings for the various TMAs with conditions observed in the watershed
(SRWMP). This report captured data collected from the inception of these programs to the end
of 2006. Based on the findings of the SOE report and previous SRWMP reports (Minnow 2005,
Minnow and Beak 2001), the Cycle 3 SRWMP design was prepared along with revised SAMP
and TOMP study designs (Minnow 2009b, c, d). The revised study designs were reviewed by the
CNSC and JRG and approved in July 2009. Concurrent with the revised designs, the In-Basin
Monitoring Program was discontinued as it had provided sufficient information to achieve its
original objective. In 2009, the Cycle 3 sediment and biological monitoring study was
implemented based on the approved study design. The results of this study were presented
together with the findings of the SAMP and TOMP program in the Cycle 3 SOE Report (2005 to
2009; Minnow 2011). In 2014, the Cycle 4 SRW monitoring programs study design was reviewed
and approved by the CNSC and JRG (Minnow 2014). In recognition of demonstrated low
sediment deposition rates which determine the rate of change in sediment and benthos that can
be monitored in the watershed, the frequency of sediment and biological monitoring was
decreased to once every 10 years with the next study scheduled for 2019.

Therefore, this Cycle 4 SOE report presents the finding of the SRWMP (water quality only), SAMP
and TOMP monitoring programs at the closed Denison Mines Inc. (DMI) and Rio Algom Limited
(RAL) mines in Elliot Lake (2010 to 2014) based on the approved Cycle 4 Study Design.

1.2 Project Objectives and Approach

The objective of this Cycle 4 SRW State of the Environment Report is to integrate recent
monitoring data (2010 to 2014) from the TOMP, SAMP, and SRWMP to provide an assessment
of current TMA performance and the conditions in the downstream Serpent River Watershed
relative to TMA sources'. In order to achieve this objective a number of goals were identified:

o Assess TMA performance relative to discharge criteria as well as performance objectives
and predictions made in the Environmental Impact Statements (EIS);

o Evaluate mine sources (TMA releases) in terms of concentrations and loads to the Serpent
River Watershed (SRW) and utilize trend analysis to anticipate future conditions in source
contributions to the watershed;

" While this report focuses on data collected from January 01 2010 to December 31, 2014, historical and longer term
data has been considered in the assessment of temporal trends and for comparison to EIS predictions.

_/"'_“"'---._
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o Assess water quality conditions within the watershed relative to TMA sources and consider
concentrations relative to background, water quality guidelines for the protection of aquatic
life and EIS predictions and consider future implications through trend analysis; and

e Provide an assessment of public dose implications associated with mine source area
relative to established public dose limits.

To meet the project objective and goals, a weight of evidence approach was used that
incorporated existing performance, trend analysis, loadings assessment, and downstream
conditions relative to established criteria and expected conditions (EIS predictions).

1.3 Report Organization

This report is organized as follows. Section 2 presents the methodology used in the collection of
samples and assessment of data. Section 3 presents the performance for each TMA (TOMP)
and Section 4 provides an assessment of TMA sources (SAMP) within sub-watersheds of the
Serpent River so that multiple TMA sources to the same receiver may be considered together.
The findings of the SRWMP are presented in Section 5. The contributions to public dose and the
estimated levels relative to established dose limits are summarized in Section 6. Conclusions
and recommendations are presented in Section 7. References cited throughout the report are
provided in Section 8. Supporting information for the methods is provided in Appendix A. A
complete data quality assessment for the TOMP, SAMP, and SRWMP (2010 to 2014) is
presented in Appendix B. Raw data and supporting information for the TOMP, SAMP, and
SRWMP are presented in Appendices C to E respectively.
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2 METHODS

This report is a compilation of data associated with three monitoring programs implemented at
the Elliot Lake closed mine sites — the Serpent River Watershed Monitoring Program (SRWMP),
Source Area Monitoring Program (SAMP), and Tailings Operational Monitoring Program (TOMP).
The data collected through these programs over the past five years (2010 to 2014) are assessed
in detail herein, as well as older data, as appropriate, for the purpose of assessing temporal
trends.

Methods employed for sample/data collection and analyses for all components of these programs
are described in the following sections.

21 Water Chemistry and Toxicity

Surface water samples were collected under all three program (SRWMP, SAMP and TOMP),
while groundwater and porewater samples were collected only in the TOMP (Table 2.1). In
addition, effluent samples were collected for toxicity testing as part of the SAMP.

Water samples are collected under the SRWMP, SAMP and TOMP, with 15, 24, and 127 stations
monitored, respectively (Table 2.1). Under these programs four types of water samples were
collected:

¢ Influent and effluent samples at TMA treatment plants;

e Surface water samples within basins, at discharge points including seepages, and
downstream in the Serpent River Watershed;

e Porewater within TMA basins ; and
e Groundwater outside of TMAs.

Specific monitoring variables for each station were dependent on the program objectives and
station type. Station locations, monitoring frequency and variables as approved in the Cycle 4
Study Design and reported here for each program (Tables 2.2, 2.3, and 2.4)2.

Collection of water samples is the responsibility of Denison Environmental Services (DES), which
administers the operation and monitoring of the closed mines under contract to Rio Algom Limited
and Denison Mines Inc. DES follows standard operating procedures (SOPs) that address all
aspects of sample collection and management for the TOMP, SAMP, and SRWMP from sample

2 As indicated in the Cycle 4 study and on Tables 2.3 and 2.4, SR-16 and SR-17 were added to both the SAMP and
SRWMP to serve as reference stations representative of wetland/stream habitat. Within the SRWMP, SR-16 and SR-
17 serve as reference stations for DS-18, M-01, SC-01 which have similar habitat characteristics to these stations.
Within the SAMP it is expected that these stations will serve as future reference stations.

_/-"'_“""---._
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Table 2.1: Cycle 4 types of data collected and number of monitoring stations
for each sampling program.

Data Collected TOMP Samplisr‘:NT;°9ram SRWMP
Water Quality
Surface Water 37 24 15
Groundwater 61
Porewater 29
Water Flow 25 18
Water Elevation 12
Water Toxicity
Acute Toxicity 8
Sublethal Toxicity 8




Table 2.2: Cycle 4 approved substances and frequencies of TOMP data collected.

Parameters and Frequencies®

3 .
| 2 o Q82§ 3
s TOMP Stations Station 5 £ 2 §280% 2
(= Type/Purpose = 5 ® E 6S5ES >
© T £ | 5 o035 ® = o
s 5 x § 2 §ESES S8 3 05 32
W L & O ® g J0m0 - < = o
¢ Basin performance (primary),
D-1 ETP operations WiD|M QM M M Q Q
S [D-22 ETP operations w Q M M Q Q
2 |D-3' Effluent AR MW w M®
A [p-2f Effluent we W M W W MC
D-25 Basin performance (secondary) S S S S S
BH91-D1A,B, BH91-D3A,B, BH91-DG4B, BH91-D9A Groundwater A A A A
;i’: ECA-128 Basin performance (primary) ME Q Q Q Q Q Q
§ Basin performance (primary),
Q-05 ETP operations Wi DM QMMM N N
Q-03f ETP operations W
o Q-04P ETP operations D
X |Q-28 Effluent we W M W w M°
é’, Q-29 Perimeter monitoring W we
Cell 14, 15, 16S, 17 Basin performance (secondary) Vi S S S S | S
QD?(HP;;?:S) DK15-2(A-D); DK15-4(A-D); DK16-2(A-D); Porewater A A A
QPW1-1,4,8; 95QW-3A,C,D; 95QW-4, 95QW-5A,D Groundwater A A Al A
f Basin performance (primary),
P-13 ETP operations Wi DM QMMM N N
3 ECA-349f ETP operations D
S |P-14"9, p-36" Effluent w W M W w M°
& p-15 Perimeter M
P-21 Basin performance (secondary) M® S S S S| S
P-16A, P-20, P-31 Groundwater A A A A
Basin performance (primary),
Ds-2' ETP operations DM QM M M Q Q
DS-3f ETP operations D
 |DsS-4' Effluent we W M W w M°
§ DS-1" Addl.tlor?al pH control, radium Ww Q
= monitoring
& |Ds-6' Additional pH control W W
Seepages and surface water
DS-5 internal to TMA Ql Q) aQ
PN-ST3-P3,5,6,8; BH91-SG2A,D Porewater A A A A
BH91-SG1A, BH98-16A, BH98-15A, BH91-SG3A,B Groundwater A A A A
¢ Basin performance (primary),
:57 CL-04 ETP operations Wi DM Q| M M M Q Q
% CL-05' ETP Operations D
& |cL-06' Effluent we W M W w M°
SGW-3, SGW-5 Groundwater A A Al A
L-03 Basin performance (primary) M® Q Q Q Q Q Q
N-17 Basin performance (primary), D M Qa M M Q Q
ETP operations
N-18 ETP operations D
o [N-19 Effluent W w M W w M
'g N-22 Basin performance (secondary) M S S S S S
Z |ECA-132 Basin performance (secondary) M | M® M°® S S S S
E NWPH Basin performance (secondary) Me| S S S S S
8 |ECA-131, N-20 Basin performance (secondary) Q Q Q Q Q
- lcPw Basin performance (secondary) ME | M® | M S S S S
UW7-2,4,6; UW9-1,2,3 Porewater A A A A
M-12-1,3,6,9; M-13-1,3,6,9; M-14-1,3,6,9; 95N-4A,B; 95N
7A,B; 95N-11; 95N-12A,B; 95N-13A,C,E; 95N-14A,B,C; [Groundwater A A Al A
95N-16A,C,E; 95N-17A,B,C
¢ Basin performance (primary),
§ PR-02 ETP operations Wi b M QMMM Q Q
2 |PR-03' ETP operations D
PR-04 Effluent w W M W W M

@D - Work days, W - Weekly, M - Monthly, S - Semi-annually, A - Annually, Q-Quarterly.
® SAMP metals are barium, cobalt, iron, manganese and uranium.

° Monitoring requirement of SAMP.

4 Spanish-American.

° During the snow-free period (April - November).

fSampled when treatment plant is operating.

9P-14 will revert to P-36 upon ETP shut down.




Table 2.3: Cycle 4 approved SAMP stations, parameters and frequencies.

Frequency®
&
TMA Location Type Description @ o “é‘ o,
s |2 S|2p3s
8|Sz |35]|% 5 ﬁ 5
L|f|a|o|epgr
D-2¢%¢ Principal Stollery Lake Outlet WIMIWIM|M|M]|S
Denison D-3%¢ Principal TMA-2 Effluent at Denison Mine access road WIM[W[M|M]|M
D-9 Seepage |Seepage at Dam 17 Qajaja|lafa
D-16 Seepage |Seepage at Dam 9 QfafaQfaQ|Q]|aQ
ECA-398 Seepage |Quirke Il north of access road Qajaja|lafa
Q-22 Drainage  [Quirke Il Drainage south of access road QafQafalaQ|aQ
Quirke Q-23 Drainage  [Swamp Outlet west of Dam K1 QfQafQfQlQ|aQ
Q-27 Seepage |Dam J Toe Seepage QfafafaQ|aQ
Q-28%¢ Principal Final Treated Effluent WIMIW[IM|M|[M|S
P-02 Seepage |Downstream of Dam B QfafQafalaQ|aQ
P-03 Drainage  |Beaver Pond C Outlet Qajaja|lafa
Panel P-05 Drainage  |Swamp Outlet north of Dam E Qlafja|lQafa
P-11 Drainage  |Panel Creek Outlet at Quirke Lake Qajaja|lafa
p-14%ef9 Principal  |Final Treated Effluent W|IM|W|M|[M|[M|S
Stanrock DS-4 Principal Orient Lake Outlet (Final Point of Control) WIM[W|IM|M|M]|S
DS-16 Drainage  |Quirke Lake Delta QfafaQfaQ|Q]|aQ
Stanleigh CL-06%¢ Principal Final Treated Effluent WIMIW|IM[M|M|S
Milliken MPE Principal Milliken Park Effluent M{M|IM[M|M|S
Nordic WL-4 Seepage |Seepage to Westner Lake from Coffer Pond QM[Q]QlaQ
N-12 Principal Buckles Creek at Hwy. 108 MIMIM|M|M|M]|S
Pronto LL-01 Drainage  |Pronto Creek at Inlet to Lake Lauzon Qajaja|lafa
PR-01 Principal Pronto Discharge Channel at Highway 17 MIMIM|M|M|M]|S
Reference SR-16 Reference |Fox Creek at Highway 108 Qla|jQjQj]a
SR-17 Reference |Unnamed Creek from Lake Three at Highway 108 QafQjQlaQ

@ D =daily, W = weekly, M = monthly, Q = quarterly, S = semi-annually (twice per year).

® SAMP metals - barium, cobalt, iron, manganese, uranium.

¢ Toxicity includes: acute (Daphnia magna and rainbow trout) and sublethal (Ceriodaphnia dubia ) testing following Environment Canada (2000a,b and 2007) methods.
4 This station is also TOMP effluent station and requirements have been harmonized to serve both programs.

¢ Sampled when treatment plant is operating.

"P-14 will revert to P-36 upon ETP shut down.

9Flow is based on influent flow to the ETP at P-13.



Table 2.4: Cycle 4 approved SRWMP water quality sample locations and frequencies (2015 to 2019).

Reference vs

- - - - b
Station Location / Description Mine-exposed Type Frequency Parameters
D-4 Dunlop Lake Outlet (Q-14) S
barium, pH, iron,
. manganese,
SR-19 ([Inlet to Elliot Lake lake Q radium-226, sulphate
and uranium
SR-18 [Outlet of Jim Christ Lake reference S
SR-16  |Fox Creek at Highway 108 Q barium, pH, iron,
- wetland/stream _manganese,
SR-1 Unnamed Creek Drain Lake 3 @ Hwy radium-226, sulphate
-17 108 Q and uranium
D-62 Cinder Lake Outlet lake Q
DS-18 [Halfmoon Lake Outlet stream Q barium, iron, pH,
radium-226, sulphate
M-01  |Sherriff Creek @ Highway 108 stream Q and uranium
SC-01 [Westner Lake Outlet stream A
D-5 Serpent R between Denison & Quirke lake Q
TMAs .
mine-exposed
Q-09 [Serpent R Below Quirke TMA Effluent lake Q
Q-20 |Evans Lake Outlet to Dunlop Lake lake A barium, pH,
radium-226, sulphate
SR-01 |Quirke Lake Outlet lake A and uranium
SR-06 [McCabe Lake Outlet lake S
SR-08 ([Nordic Lake Outlet lake Q
Total Number of Locations and Samples/Year 15 45

M=Monthly, S=Semi-Annually, A=Annually
@ Manganese is also monitored at station D-6.

® Hardness monitored at reference and mine-exposed stations where sulphate concentrations are greater than 100 mg/L and at station D-6.
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collection to laboratory submissions, data entry, validation and response. The SOPs ensure that
the data produced are consistent with the objectives of these programs, regulatory requirements,
and industry standards (Table 2.5). The detailed SOPs are provided in their entirety in
Appendix A.

DES maintains contracts for various chemical analyses with SGS Laboratory, the Elliot Lake Field
Research Station and Aquatox Testing and Consulting Inc.

Water samples collected for chemical analyses were shipped to SGS Lakefield Research Limited
(Lakefield, Ontario), for chemical analysis based on established methods. Prior to 2011, radium-
226 was analyzed by Becquerel Laboratories (Mississauga, Ontario), and from 2011-2014
radium-226 was analyzed by the Elliot Lake Research Field Station (ELRFS; Laurentian
University, Sudbury, Ontario). All three laboratories are accredited by the Canadian Association
for Laboratory Accreditation (CALA).

Water samples collected for toxicity testing were submitted to Aquatox Testing and Consulting
Inc. (Aquatox; Guelph, Ontario), for acute (Daphnia magna and rainbow trout) and sub lethal
(Ceriodaphnia dubia) testing following Environment Canada (2000 a, b and 2007) methods.

2.2 Data Entry and Extraction

Water data generated through the various monitoring programs were entered into an electronic
database (emLine). ELRFS enters laboratory results into the program emLine, and SGS
Laboratories enters data into their laboratory information management system (LIMS). DES
imports the data from the laboratories’ respective data management system into emLine. This
minimizes data entry errors. Data entered or imported with any values outside the established
data quality assessment limits were flagged. Prior to being accepted (i.e., posted) in the
database, any flagged data were reviewed and validated through a QA process (see procedures
PR8.7.3-01, PR8.7.3-02 and PR8.7.2-02 in Appendix A).

Monthly and annual data reports were generated from the database to meet reporting
requirements for various regulatory programs. The data retrieval is managed by DES. Retrieval
methods and rationales employed by DES to satisfy data requests are described in Appendix A.
The nature of the data retrieval request can affect the type and configuration of the data reported
from the emLine system. For this reason, summary statistics presented in this report (e.g., sample
sizes, annual means) may vary slightly from annual means presented in the Annual Operating,
Care and Maintenance (OCM) Reports. For example, reported annual OCM averages are based
on data collected solely for “regulated” monitoring and reporting; whereas the data extracted for
this report included all available data (e.g., also “Internal” and “Special Project” data).
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Table 2.5: List of Operating Procedures associated with the implementation of the SAMF
and the TOMP.

Operating
Procedure Name Procedure

Number®
Control Limit Maintenance PR8.7.2.02
Data Entry PR8.7.3.01
Data Validation PR8.7.3.02
Elevation Determination Procedure PR8.6.4.03
Field Conductivity Determination PR8.6.3.03
Field pH Determination PR8.6.3.01
Field Sampling Quality Control PR8.5.3.01
Flow Determination PR8.6.4.02
Groundwater Sampling PR8.6.2.01
Surface Water Grab Sampling PR8.6.1.01
Toxicity Sampling PR8.6.1.03
Water Quality Data Quality Assessment PR8.5.4.01
Water Quality Assessment and Response Plan PR8.0.0.01

& Operating Procedures provided in Appendix A.
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23 Data Quality Control and Assessment

A variety of factors can influence the chemical measurements made in environmental monitoring
and thus affect the accuracy and precision of the data. Inconsistencies in sampling or laboratory
methods, use of instruments that are inadequately calibrated or which cannot measure to the
desired level of accuracy and contamination of samples in the field or laboratory are just some of
the potential factors that can lead to the reporting of data that do not accurately reflect actual
environmental conditions. Depending on the magnitude of the problem, this has potential to affect
the reliability of any conclusions made from the data. Therefore, it is important to ensure that
monitoring programs incorporate appropriate steps to control the non-natural sources of data
variability (i.e., minimize the variability that does not reflect natural spatial and temporal variability
in the environment) and thus assure the quality of the data.

There are data quality objectives (DQOs) and procedures (e.g. PR8.5.4-01 in Appendix A) for
each of the monitoring programs (SAMP, TOMP and SRWMP) to ensure data generated from
these programs are representative of conditions at specific monitoring locations and times. DQOs
are statements of desired sensitivity, precision, and accuracy and are used to assess data
acceptability. In other words, DQOs determine the level of confidence with which the data can be
used to derive conclusions. DQOs previously established for the SAMP, TOMP and SRWMP
(Tables 2.6 and 2.7) consider the intended use of the data and the technical feasibility of collecting
data of such quality.

DQOs for water samples included negligible contaminant levels in all blanks and rinses,
acceptable variability between field duplicates and laboratory replicate samples, efficient recovery
from spikes and minimal bias in analytical estimates for certified reference materials. DQOs
respecting field and laboratory duplicates, as well as matrix spike recoveries were also
established for sediment samples.

Toxicity test QA/QC involved adherence to requirements defined in internal standard laboratory
protocols (Aquatox) and in toxicity methods (Environment Canada 2000a, b and 2007). These
pertained to aspects such as organism health/culturing, data entry, reference toxicant testing,
control of test conditions, and report completeness. In addition, there were specific validity criteria
specified by the test methods, such as minimal control organism mortality and achieving minimum
organism growth requirements.

Data Quality Assessment (DQA) is the process of evaluating how well laboratory test results
compare with pre-established DQOs and thus determines the confidence that can be placed in
conclusions derived from the data. A comprehensive data quality assessment was undertaken
for the SRWMP, SAMP, and TOMP data and is presented in Appendix B.
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Table 2.6: Data quality objectives for the SRWMP.

. | Field&Lab Analytical Analytical Accuracy Field Precision
Measurements Units Detection Limit e . Precision .
Blank Criterion . (Duplicates)
(Duplicates) Spike CRM"
Field Measurement
pH pH units 0.1 - 0.1% - - 10%
Flow L/s varies w/ method - 0.18 - - 30%
Laboratory Water Chemistry
Barium mg/L 0.005 0.01 10% 20% 20% 20%
Hardness mg/L 0.5 1.0 10% - -
Iron mg/L 0.02 0.04 10% 20% 20% 20%
Manganese mg/L 0.002 0.004 10% 20% 20% 20%
Radium-226 Bag/L 0.005 0.01 20% 20% - 20%
Sulphate mg/L 0.1 0.2 10% 20% 20% 20%
Uranium mg/L 0.0005 0.001 10% 20% 20% 20%

@ Minimum Detectable Difference as identified in instrument manual rather than measurement of analytical precision using replicate samples.
®CRM (Certified Reference Material).




Table 2.7: Field and laboratory data quality objectives for SAMP/TOMP stations.

. Targe?ed Minimum Field Blank Laboratory Field Laboratory | Laboratory Laboratory
Parameter Units Detection Detectable Criteria Blank Precision Precision Spikes Accuracy
Limit Difference Criteria (CRM)

Field Parameters
Conductivity mS/cm 0.01 0.1 - - - - - -
Flow L/s method 0.1 - - - - - -
pH pH units 0.1 0.01 - - 20% - - -
Laboratory Parameters
Acidity mg/L 2.0 - 2 2 20% 10% - 80 - 120%
Barium mg/L 0.005 - 0.01 0.01 20% 10% 80 - 120% 80 - 120%
Cobalt mg/L 0.0005 - 0.001 0.001 20% 10% 80 - 120% 80 - 120%
DOC mg/L 0.5 - 1 1 20% 10% 80 - 120% 80 - 120%
Iron mg/L 0.02 - 0.04 0.04 20% 10% 80 - 120% 80 - 120%
Manganese mg/L 0.002 - 0.004 0.004 20% 10% 80 - 120% 80 - 120%
Radium-226 Bqg/L 0.005 - 0.01 0.01 20% 10% 80 - 120% 80 - 120%
Sulphate mg/L 0.1 - 0.2 0.2 20% 10% 80 - 120% 80 - 120%
TSS mg/L 1 - 2 2 20% - - -
Uranium mg/L 0.0005 - 0.001 0.001 20% 10% 80 - 120% 80 - 120%

TSS - Total Dissolved Solids

DOC - Dissolved Organic Carbon
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2.4 Data Evaluation

Numerous types of data were compiled, summarized and assessed for this project, including:

o Water quality data from TOMP and SAMP, including TMA surface water, seepage,
porewater, groundwater, and effluent stations, as well as surface water quality data from
SRWMP;

o Operational data related to TMA management, including water levels and regent use;
o Effluent toxicity data; and

e Flow data from TMA discharges, seepages and within the downstream receiving
environment, which were used to compute loadings.

The approaches followed for analysis of these different types of data are described below.

2.41 Water Samples

TMA porewater samples were collected annually, with some samples taken from multiple
depths/horizons (typically labelled as A, B, C, D, etc.) per station. Each porewater sample was
analyzed for pH, acidity, iron, and sulphate. Conductivity replaced sulphate measurementin 2003
until 2006, but conductivity was discontinued and sulphate analysis was resumed in 2007. All
data were tabulated and presented in the appendix corresponding to each TMA. Trend analysis
was completed, as described in Section 2.4.3. Significant trends were summarized in tables and
all significant trends were plotted and presented in TMA specific appendices.

Groundwater quality has been monitored on an annual basis, typically at locations down-gradient
of tailings dams. Samples were analyzed for pH, acidity, sulphate, and iron. Consistent with
porewater, sulphate replaced conductivity in 2007. Trend analysis was completed, as described
in Section 2.4.3. Significant trends were summarized in tables and all significant trends were
plotted and presented in appendices.

Surface water within the TMA and the SRW was monitored for substances and at frequencies
that were specific to the objectives of each monitoring program (i.e., TOMP, SAMP and SRWMP).
Concentrations of all variables monitored within TMAs (i.e., in basins), and in effluent, seepages,
and downstream surface water stations were compared to SRWMP benchmarks for receiving
water quality (described below). It is recognized that mine sources (effluent and seepage) are
not expected to achieve criteria for receiving environment quality, but such comparisons were
made to identify potential variables or sources of concern relative to the downstream receiving
environment. Based on expected minimum 10-fold dilution downstream of the mine discharges,
concentrations of 10 times the appropriate receiving environment criteria were sometimes
presented as the relevant basis for comparison of discharge water quality.

_/"'_“"'---._
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Water quality data are compared to benchmarks established for the SRWMP. SRWMP
benchmarks are based on water quality criteria for protection of aquatic life or the upper range of
background (reference area) concentrations (except for pH for which the lower background range
was relevant). To date, the benchmarks have been based on Ontario Provincial Water Quality
Objectives for the protection of aquatic life (PWQO; OMOEE 1994) or the upper limit of
background concentrations, whichever is higher. In recent years, Environment Canada has
revised water quality guidelines based on current toxicity literature for some substances
(CCME 2013). The rationale and supporting documents for many of the PWQO are now dated
(i.e., based on literature from the 1970’s and 1980’s) and do not provide the best basis for
assessing potential effects to aquatic biota. Therefore, the most recent federal or Ontario
guideline was used in the determination of benchmarks. In instances where neither jurisdiction
(federal or Ontario) has developed a guideline (i.e., barium, manganese and sulphate) the British
Columbia Ministry of the Environment (BCMOE 2006, 2015) water quality guideline was applied
(Table 2.8). The upper range of background concentrations was calculated as (mean + 1.699 *
standard deviation; Appendix Table E.1). With the exception of pH, the highest value of the
applicable water quality criteria and background concentration was selected as the benchmark
for evaluation of water quality at mine-exposed stations (Table 2.8). Based on habitat conditions
at the sampling locations, SRWMP stations were classified as lake (D-6, D5, Q-09, Q-20, SR-01,
SR-06 and SR-08) or stream/wetland (DS-18, M-01, SC-01) habitat (Table 2.4). Background
values were derived for both lake reference habitats (D-4, SR-19 and SR-18) and stream/wetland
(SR-16 and S-17) and the upper limit of background (or lower for pH) was applied to each station
based on their habitat classification. It is expected that in the future SR-16 and SR-17 will be
used as reference stations for comparison to SAMP water quality based on habitat conditions at
the SAMP stations.

2.4.2 Water Elevations and Effluent Treatment Efficacy

TMA elevations were assessed relative to operating levels specified in site-specific Operating
Care and Maintenance Plans (Rio Algom sites) and Tailings Management Area Operating
Manuals (Denison sites).

The TMA effluent treatment facilities in Elliot Lake neutralize acidity and remove metals through
the addition of lime (in most cases) or caustic soda (sodium hydroxide). Barium chloride is also
added at most treatment plants for removal of radium-226. Reagent use was evaluated relative
to treated effluent volume to assess changes in reagent consumption over time.

Routine toxicity testing is conducted as an additional measure of the quality of treated water
released from the TMAs. Semi-annual acute lethality tests are performed using rainbow trout
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Table 2.8: Water quality benchmarks for the Cycle 4 Serpent River Watershed
Monitoring Program.

Upper Limit of Background
Parameter Units (2003-2014) Wate.r ijalicty
Lakes® Wetlands”® Guideline
Barium mg/L 0.057 0.021 1.0 British Columbia
Iron mg/L 0.48 1.68 0.30 Ontario
Manganese® mg/L 0.095 0.068 0.8 British Columbia
pH® pH units 6.6 52 6.5 Ontario
Radium-226 Bq/L 0.008 0.006 1.0 Ontario
Sulphate' mg/L 6.4 4.3 128 - 429  British Columbia
Uranium mg/L <0.0005 <0.0005 0.015 Federal

Benchmark applied to lake stations: D-5, D-6, Q-09, Q-20, SR-01, SR-06, SR-08.
Benchmark applied to wetland stations: M-01, DS-18, SC-01.
Benchmark applied to lake and wetland stations.
@ Upper limit of background concentrations (95th percentile) based on data collected from lake reference
stations (D-4, SR-18, SR-19), 2003 - 2014 (Appendix Table E.1).
b Upper limit of background concentrations (95th percentile) based on data collected from wetland reference
stations (SR-16-SR-17), 2003 - 2014 (Appendix Table E.2).
¢ The most recent Ontario, British Columbia, or federal water quality guideline for the protection of aquatic
life was used.
4 Manganese guideline is hardness dependent and the value calculated for the SRWMP is based on the
average hardness at station D-6, which is the only mine-exposed station where manganese is monitored
(Appendix Table E.33).

® The lower limit of pH is used as the benchmark to identify potential mine-related reductions in pH in the
receiving environment.

fSulphate guideline is hardness dependent and the value calculated for the SRWMP is based on the
average 2010 - 2014 at each station monitored (Appendix Table E.33).
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(Environment Canada 2000b) and Daphnia magna (Environment Canada 2000a), while 1-week
reproduction tests are performed using Ceriodaphnia dubia (Environment Canada 2007).

2.4.3 Trend Analysis

Analyses of temporal changes in water quality were performed on data from all surface water,
seepage, porewater and groundwater stations. Specifically, trends were assessed for porewater
and groundwater stations for the period 1990 to 2014 based on pH, sulphate, and iron levels.
While acidity was also measured in porewater and groundwater during this time period, changes
in analytical methods in 2006 precluded the use of prior data and as such only data from 2007 to
2014 were used for trend analysis. Surface water and seepage quality trends during the period
2003-2014 were also assessed for all SAMP and TOMP locations based on radium-226, sulphate,
uranium, pH, barium, cobalt, iron, manganese, and acidity (TOMP only). Trends were assessed
for all SRWMP stations for the period 2003 to 2014 based on concentrations of pH, radium-226,
sulphate, uranium, barium, iron, and manganese. While SRWMP data is available since 2000,
trend analysis was only conducted on data collected between 2003 and 2014 to make the
assessment period consistent with the SAMP and TOMP.

Prior to trend analysis, concentrations reported as less than the method detection limit (MDL)
were replaced with concentrations equal to the MDL for that variable. In some cases, method
detection limits varied over time (e.g., cobalt), which had the potential to alter or mask actual
trends, so detectable concentrations that were less than the maximum MDL were also taken as
equal to the maximum MDL. Abnormally high MDLs were not used as the maximum MDLs, but
rather were removed prior to the trend analysis.

Station sampling frequency varied from annual to weekly, depending on the monitoring program
and specific location being sampled (Tables 2.2, 2.3 and 2.4). For variables measured more
frequently than annually, seasonal variability in concentrations needed to be considered in
assessing trends over time. This necessitated that data for each variable and station be organized
into common time periods across years, ranging from monthly to annual (depending on the
monitoring frequency for each variable at each station), which are hereafter referred to as
“seasons”. For stations sampled weekly, monthly averages were computed. In some cases, data
for two months were grouped (if different months were sampled within a “season” in different
years. The more frequently sampled month was used as the label in this case) and/or data were
averaged (if multiple values existed for each month within a given year). Therefore, there were
as few as one or as many as 12 months of data for a given variable and monitoring station. Trend
analysis was performed if there were >7 years (SRWMP), or >5 years (SAMP and TOMP) of
concentrations reported within a season.
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Trends were separately analyzed for each season using Spearman rank correlation (rs) between
variable concentrations and years (SPSS 2006; McLeod et al., 1991). This identified any
statistically-significant temporal trends within seasons. Rank correlations do not require normally
distributed data, and a significant correlation does not necessarily imply a linear increasing or
decreasing trend. However, results do indicate where a significant increase or decrease in
concentration has occurred over time.

For locations and variables for which multiple seasons were assessed for significant correlations
(trends), van Belle tests were applied to test for differences among seasonal trends, and test the
common (combined) trend over all seasons. Van Belle and Hughes (1984) and Gilbert (1987)
describe application of the tests to the Mann-Kendall statistic (S); Paine (1998) describes
application of the tests to Spearman rank correlations (rs). First, trend correlations for each
season were divided by their standard errors (SE) to convert them to standard normal deviates
1

(Zi). For Spearman rs, SE=
) vn -1

, where n=the number of years included in the trend analysis,

and:

Z, = rs(\/n —1)
Trend Z values were then compared among the m seasons using van Belle tests for homogeneity
of trends:

rh =2 (Zi - 2_)2
with df=m-1 for 3. The common trend over all seasons was then tested using:

x7=2°m

with df=1 for;(Tz. Mean trend correlations (fs) were then calculated by weighting rs by1/SE=
AN —1. Van Belle and Hughes (1984) suggest that common trends should not be tested when
differences among seasons (i.e., ;(ﬁ) are significant at p<0.01. In this study, common trends

were tested and I calculated for all stations and variables, but cases where y/ was significant

at p<0.05 were noted. For trend analysis (seasonal and common) where the number of years
was less than 10, the p-value was obtained from the table of critical values (Zar 1984). Common
trends for each station and for each variable were tabulated with significant trends highlighted.
All significant trends were plotted and presented in appendices.

2.4.4 Loadings Estimates

Annual loadings (2010 to 2014) of monitored substances were calculated for:
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e TMA direct (controlled) discharge locations;
o TMA seepage locations; and
o Downstream locations within the Serpent River Watershed.

Loadings were computed to compare contributions from background sources and TMAs, and to
assess the relative contribution of each TMA and the cumulative loads at downstream locations
throughout the watershed. For all discharge types, concentrations reported as less than the
detection limit were divided by two to reduce a concentration bias on total loadings.

Loadings from TMA discharge locations were based on monitoring results (flow and
concentration) for each year (2010 to 2014). Weekly flow and concentration data measured
during discharge periods at the main TMA discharge locations (2010-2014) were used to calculate
weekly loads (kg/wk or Bg/wk). Weekly loads were summed to estimate annual loads for each
variable. In some instances, loads were computed by averaging concentrations for dates
immediately before and after a date when flow but no concentration data were available.

Flows for seepage locations were based on mean flows from site monitoring data if available or
design flows reported in the EIS documents (Table 2.9). These flow rates were multiplied by
mean annual concentrations (2010 to 2014) for the same station to roughly estimate annual loads
for each variable.

Loadings were also estimated for 14 monitoring stations within the SRW which were located either
upstream or downstream of various TMA sources. Loadings were estimated by pro-rating data
from a Water Survey of Canada (WSC) flow gauging station (02CD006 Serpent River upstream
of Quirke Lake) based on watershed areas. Watershed areas were taken from previously
published reports, historical WSC data, or calculated using GIS based tools (OMNRF 2015) for
each of the downstream locations (Table 2.10). Mean annual flow was determined for each year
(2010 to 2014) at each location and pro-rated flow estimates were multiplied by mean annual
concentrations to roughly estimate annual loads at SRW monitoring stations.
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Table 2.9: Non-point source discharge design and measured flow values.

Measured Flow Data
Length of Record
TMA SAMP Description Receiver Design Mean | Minimum | Maximum | SD | Count Starting Final Date Design Flow Reference
Station Flow Date
(L/sec) | (L/sec) | (L/sec) (L/sec)
Panel P-02 |Seepage from Dam B Rochester Creek 2 1.1 <1 21 0.3 20 |2010-01-27 | 2014-10-23 |Table 6.2.4 -Quirke & Panel EIS’
P-03 |Pond C discharge Rochester Creek 10.7 7.9 0 35 9.0 20 |2010-01-27 | 2014-10-23 |Table 6.2.4 -Quirke & Panel EIS’
P-11  |Site drainage Panel Creek P-26 NA 21 <1 108 27.8 20 (2010-01-27 | 2014-10-23
Quirke ECA-398 |Site drainage Serpent River d 13 0 8.8 22 | 20 [2010-01-11| 2014-11-17
Upstream of Q-09
. . Serpent River d
Q-22 |Site drainage Upstream of Q-09 6.5 <1 36 8.8 20 (2010-01-11| 2014-11-17
Q-23 g‘g’ri";(p Downstream of Dunlop Lake d 42 0 168 505 | 20 |2010-01-21| 2014-11-17
Q-27 |Seepage from Dam J Evans Lake 0.1 no flow data Table 6.2.2 -Quirke & Panel EIS®
Milliken All sources captured through monitoring at MPE thus no non-point source discharge
Stanleigh® All sources captured through monitoring at CL06 thus no non-point source discharge
Spanl_sh- All sources captured through Denison TMA thus no non-point source discharge
American
Pronto LL-o1 |Upstream Source to Lake Lauzon NA 17 <1 231 520 | 20 [2010-01-13 | 2014-11-24
Lake Lauzon
Denison D-3 |-ower Williams Lake Serpent River 03 9.2 0 279 20.7 | 1254 |2010-01-04 | 2014-12-31 |Table 6.2.2 -Denison & Stanrock EIS°
Discharge Upstream of D-5
D-9 |Seepage at Dam 17 Quirke Lake 34 40 0 709 52.0 | 1254 | 2010-01-04 [ 2014-12-31 |Table 6.2.2 -Denison & Stanrock EIS®
D-16 |[Seepage at Dam 9 Quirke Lake 0.3 1.3 0.3 5.0 1.0 20 [2010-01-12| 2014-10-21 |Table 6.2.2 -Denison & Stanrock EIS®
Stanrock Ds-16 |Drainage from Dam G Quirke Lake 0.7 0.4 0 8.4 12 | 261 |2010-01-05 | 2014-12-16 |L20%° 022 (Dams B, C, D)Denison &
and J Stanrock EIS'

|:|Shade denotes the flow values used for loading calculations presented within the SOE for seepage locations.

@ Some Stanleigh mine site and Stanleigh Dam A seepage reports to the MPE watershed but these are accounted for in MPE loadings from the Milliken TMA.
® Tables 6.2.2 and 6.2.4 (Rio Algom Limited 1995).

®Table 6.2.2 - Estimated Long Term Values (Denison Mines Limited 1995).

d Specific predictions for seepage or runoff flow from these areas were not included in EIS but loadings considered representative of these areas were included in general TMA predictions.
NA - not available




Table 2.10: Watershed areas and prorated flow estimates® for stations within the Serpent River Watershed, 2010 to 2014.

Mean Flow (L/s)?

] . Watershed Mean )
Station Description Area (Km?) | 2010 2011 2012 2013 2014 | Annual Drainage Area Source
Flow
SR-16 |Fox Creek at Hwy 108 5.6 46 66 60 133 124 86 OMNREF LIO 2015
SR-17 |Unnamed Creek d/s of Lake 3 at Hwy 108 14.5 119 170 154 346 320 222 |OMNREF LIO 2015
SR-18 |Outlet of Jim Christ Lake 28.8 237 337 307 686 636 441 OMNREF LIO 2015
SR-19 |Inlet of Elliot Lake 38.4 316 450 409 915 848 588 |OMNREF LIO 2015
SR-01 |Quirke Lake Outlet 319 2,627 3,738 3,397 | 7,603 7,044 4,882 |WSC (02CD003)
M-01 Elliot Lake Inlet 18.56 153 217 198 442 410 284 |Senes 2007°
P-05 Swamp Outlet north of Dam E 2.0 16 23 21 48 44 31 OMNREF LIO 2015
Q-20 Evans Lake Outlet 1.08 9 13 12 26 24 17 S. Kam e-mail June 14™ 2007
DS-18 [Halfmoon Lake Outlet 11.6 96 136 124 276 256 178 |Table 6.3.3 Denison & Stanrock EIS
SR-05 |Canyon Lake Outlet 7.57 62 89 81 180 167 116  |Topo map 41 J10
SR-06 |McCabe Lake Outlet 32.8 270 384 349 782 724 502 |Senes 2007°
SR-08 [Nordic Lake Outlet 32.3 266 378 344 770 713 494 |Senes 2007°
D-6 Outlet of Cinder Lake 413 34 48 44 98 91 63 Topo map 41 J10
D-4 Outlet of Dunlop Lake 109 898 1,277 1,161 | 2,598 | 2,407 1,668 [WSC (02CD002)
MPE Outlet of Sherriff Creek Park 13.5 111 158 143 321 297 206 |Golder 2004
Q-09 Quirke Lake Inlet 157 1,293 | 1,839 1,672 | 3,742 @ 3,467 2,403 [WSC (02CD006)
- Serpent River @ Hwy 17 1350 11,655 18,200 11,949 28,883 25,579°| 17,672 |WSC (02CD001)
D-5 Serpent River downstream of Denison 118 972 1,383 1,257 2,812 | 2,606 1,806 |[Table 6.3.3 Denison & Stanrock EIS
SC-01 |Westner Lake Outlet 2.37 20 28 25 56 52 36 Golder 2004

WSC - Water Survey of Canada (Station Identification)
® Flows calculated based on mean annual flow data from Quirke Lake Inlet, Water Survey of Canada data.
® Data provided by Senes 2007 taken from EIS loading predictions.

¢ WSC station 02CD001 records do not include any data from May 3 to July 30, 2014.
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3 TMA PERFORMANCE

Within the Serpent River Watershed there are eleven TMA'’s, although two of these discharge to
other TMAs; Spanish-American, which discharges to the Denison TMA complex and Lacnor,
which discharges to the Nordic TMA complex. Each TMA has either a vegetative cover or a water
cover?, which is intended to inhibit oxidation and acidification of tailings and reduce gamma and
radon exposure. In water-covered TMAs (flooded) excess water flows from the TMA to an effluent
treatment plant prior to discharge with the exception of the Milliken and Buckles TMAs which
discharge directly to the receiving environment. In vegetated TMAs, seepage from the TMA is
collected in pond structures or ditches and treated prior to discharge.

The performance of the TMAs is monitored and assessed through the TMA Operational
Monitoring Program (TOMP) which includes the assessment of:

e Water cover on flooded basins;

o Surface water quality within the basins;

e Porewater quality within the basins (where monitored);

o Groundwater quality down-gradient of the TMAs; and

e Treatment performance (reagent use and effluent compliance).

Releases to the environment are monitored under the Source Area Monitoring Program (SAMP)
which captures site drainage, seepages, and final effluent. Releases are discussed in the context
of common sub-watersheds within the SRW in Section 4.

Performance of each TMA is presented in the following sections.

3.1 Denison TMA
3.1.1 Basin History and Modifications

The Denison mine and mill, located 16 km north of the City of Elliot Lake, operated from 1957 to
1992. Over this time, a total of 63 million tonnes of uranium ore were milled. Tailings were
deposited into two bedrock-lined basins, TMA-1 (formerly Bear Cub Lake and Long Lake) and
TMA-2 (formerly Upper Williams Lake). Tailings in TMA-2 are contained by an engineered dam
to the northwest (Dam 1) and bedrock between TMA-2 and TMA-1 (Figure 3.1). TMA-2 was used
from start-up until it was filled in the early 1960s. After TMA-2 was filled, tailings were discharged

3 Denison, Spanish-American, Quirke, and Stanleigh are flooded TMAs where tailings are covered with water.
Stanrock, Nordic, Lacnor and Pronto are TMAs with vegetated covers over tailings. Milliken has both a water and
vegetative cover.

Ve
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into the Bear Cub Lake basin, which eventually merged with the Long Lake basin to form TMA-1.
Sixty million tonnes of tailings are contained in TMA-1 by five engineered perimeter dams (Dam 9,
Dam 10, Dam 16, Dam 17 and Dam 18) representing a total area of approximately 240 ha
(Figure 3.1). Effluent/decant from TMA-2 flows into TMA-1 via the TMA-2 spillway. Seepage
from TMA-2 is treated at the Lower Williams Lake Treatment Plant and discharged to the Serpent
River at station D-3. The Denison Effluent Treatment Plant (ETP) is located on the north shore
of TMA-1 where effluent is treated prior to discharge to the Stollery Lake Settling Pond, which
then discharges into the Serpent River at station D-2 (Figure 3.1).

In general, the Denison TMAs were decommissioned as flooded tailings following mine closure in
1992, with decommissioning largely completed in late 1996. Continual improvements have been
made at the site since 1992, and are outlined in Table 3.1

Within the Denison TMA, surface water and ground water are monitored under the TOMP and
the locations, substances, and frequency monitored are specific to the station type (Table 3.2;
Figure 3.1). Data from the Denison TOMP stations are summarized in the following sections and
presented in Appendix C (Appendix Tables C.1.2- C.1.10).

3.1.2 Water Management

Water cover at the Denison TMA is used to inhibit oxidation and acidification of tailing and reduce
gamma and radon exposure. Water levels within the Denison TMA have been consistently above
the minimum operating level from 2010 to 2014 (Figure 3.2).

3.1.3 Basin Surface Water Quality

Surface water quality is monitored at three stations: the ETP influents from TMA-1 (D-1) and
TMA-2 (D-22) and the overflow between TMA-2 and TMA-1 (D-25; Figure 3.1).

Since decommissioning, monitoring at station D-1 has shown that concentrations of radium-226,
sulphate, and uranium have decreased and pH has remained neutral with levels becoming more
stable over time (Figure 3.3). Concentrations of sulphate and pH are near the 50-year post-
decommissioning predictions (i.e. 2040) (Figure 3.3).

More recently (2003-2014), radium-226 and barium have increased and pH has decreased in
Denison TMA-1 (Table 3.3). The radium-226 and barium trend appears to be associated with a
step change in 2008 (Appendix Figure C.1.1) and is thought to be caused by decreasing sulphate
concentrations in the TMA, resulting in the dissolution of barium or calcium sulphate compounds
with which radium-226 is associated, whereby radium-226 and barium are released from the
tailings. It is expected that radium-226 concentrations in porewater will stabilize over time once
the dissolution of sulphate compounds re-equilibrates with aqueous sulphate concentrations.
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Table 3.1: Denison TMA site improvement undertakings since closure.

Year Action Rationale for Action
Beached tailings on east side of TMA-1 were o o
. . Reduce surface area of tailings to maintain water
1992 - 1995 [hydraulically dredged and placed into deeper L o o
. cover and inhibit oxidation of tailings.
water on west side of TMA-1.
Tailings from TMA-2 hydraulically relocated to Reduce amount of tailings and size of TMA-2
1993 - 1996 ) .
TMA-1 and to underground workings. basin.
Dam 10 stability and reduction berms completed Upgrade containment anq flow coptrol struptures
e . to current standards and improve interception of
1996 and stabilization of dams surrounding TMA-1 for o
tailings porewater and reduce groundwater
closure completed. N
contamination.
1997 Tailings along rock shoreline washed into TMA-2 |To reduce exposed tailings and inhibit oxidation
basin. of tailings.
Layer of coarse sand and gravel and rockﬂl! Remediation project to attenuate elevated radium
placed over area downstream of D-3 sampling S )
. levels due to a historic spill.
location.
2000 Removal of two culverts, construction of a . .
. ! Discourage public access .
spillway and planting of trees.
Commence dismantling of older treatment plant. |Part of remediation/closure activities.
Additional rip rap placed at toe of Dam 17 and
2005 improvements made to seepage collection ditch |For further stabilization the dam.
below dam.
Replacement of old propane tanks used to heat
2006 1e1p 4t Lower Williams Lake. Safety.
Height of TMA-1 main and emergency spillways |To more efficiently capture flow from the TMA,
2007 raised by six inches and concrete wall poured on |and ensure adequate water cover over the
downstream side of existing spillway. tailings within the TMA at all times.
Demolition of deteriorating boathouse and
storage shed located on shoreline of Quirke Lake |Safety/security.
and adjacent to Denison House.
2011 Construction of filter berm at the TMA-1 Stollery |Eliminate seasonal spikes in radium at Stollery
Lake Outlet, upstream of the final discharge. Settling Pond Outlet.
A spillway was also built in the new filter berm. Allows for safe overflow O.f th? structurfa dur|.ng
high flow periods and maintains berm integrity.
Replaced four sets of culverts throughout the The galvanized culverts had reac.hed their life
Cinder Lake drainage area to the Serpent River expectancy and were replaced with 900mm
2012 " |HDPE corrugated culverts.
Replaced the sand core of the Stollery Berm with | To improve the rate of filtration and to reduce the
coarser material. water level in Stollery Lake Settling Pond.
Relocation of TMA-1 ETP. New plant
incorporates the following: reagent addition pump
instead of gravity lines, construction of spill Improve treatment reliability and incorporate
2013 containment for reagent tanks, installation of instrumentation to enable remote monitoring and
siphon lines to better control water released from |operation.
TMA, installation of remote monitoring and plant
automation equipment.
. . . Divert effluent to the south side of Lower Williams
Construction of new effluent collection ditch at ) o .
- Lake to increase retention time to improve
lower Williams Lake. Iy
effluent polishing.
2014 Installation of test beaver deceiver at Little Cinder

Lake outlet.

Improve water level control without trapping.

Commissioning of precipitation gauge near
Denison House on the Denison site.

Allow accurate collection of precipitation data for
Elliot Lake sites.




Table 3.2: Cycle 4 approved TOMP monitoring stations, substances, and frequencies® at Denison TMA.

Parameters and Frequencies®

I e}
© S5 s =
N O W - 8
c o Y Z Qo o 2 )
2 E E 55 g3E z a
< TOMP S 2 s = e2 282 g S c =
= Stations Station Type/Purpose | i ™ 5 a © 58 868 2 < 2 P
Basin performance
D-1 (primary), ETP w D M Q M M M Q Q
operations
D-22 ETP operations W Q M M Q Q
- D-3 Effluent w°¢ W M W W M°
o
g D-2 Effluent W° w M w w M°
S .
a D-25 Basin performance S S S S S
(secondary)
BH91-D1A,B,
BH91-D3A,B,
BH91-DG4B, Groundwater A A A A
BH91-D9A

@D - Work days, W - Weekly, M - Monthly, S - Semi-annually, A - Annually, Q-Quarterly

® SAMP metals are barium, cobalt, iron, manganese, and uranium.

° Monitoring requirement of SAMP.
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Table 3.3: Summary of water quality trends® at TOMP monitoring stations, Denison TMA, 2003 to 2014.

Number of Months

Radium-226

Sulphate

Uranium

0.702

-0.334

-0.262

Sta"t;on Type/Location Used in Common | Acidity | Barium | Cobalt [ Iron | Manganese
Trend®
D-1 TMA-1 Influent 1t0 8 ND 0.749 ND -0.205 0.304
D-25 Spillway between TMA-1 and TMA-2 1to 10 ND b - 0.100 -
D-22 Influent to ETP at TMA-2 3to 12 ND 0.343 | -0.523 | -0.033 0.059 0.080

- decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05
Italic text - mean monthly correlations significantly different, but common trend value provided.

Bold text - only one month was used in common trend analysis.

0.013

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).

@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.1.11 to C.1.13.

® Seasons used varied for substances based on suitability of data for trend analysis.
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Decreasing pH in the TMA-1 basin is believed to be associated with the depletion of lime that was
added to the basin in 1998. While pH has decreased, the change in pH over the past 12 years
has been very small and pH within the TMA remains neutral, achieving the PWQO prior to
treatment at Station D-1 (Figure 3.3; Appendix Figure C.1.1). In 2013, Denison Mines installed a
new treatment plant at the Denison TMA to ensure effluent remains of good quality and compliant
with effluent limits. Within TMA-2, radium-226 and uranium concentrations have been decreasing
over time (Table 3.3).

3.1.4 Groundwater Quality

Four locations (wells) are sampled annually for iron, pH, sulphate, and acidity; two are located
down-gradient of Dam 17 (BH91-D1 and BH91-D3), one is down-gradient of Dam 1 (BH91- D9),
and one is down-gradient of Dam 10 (BH91-DG4; Figure 3.1).

Down-gradient of Dam 17 at the east end of TMA-1, groundwater quality has significantly
improved since decommissioning (1991-2014), with iron and sulphate concentrations decreasing
and pH levels increasing to neutral levels at the 66 m horizon in well BH91-D1 and both horizons
(21 m and 48m) in well BH91-D3 (Table 3.4, Appendix Figures C.1.5 and C.1.6). Although
sulphate concentrations have increased at the 45 m horizon in well BH91-D1, ground water at the
66m horizon sulphate has been decreasing together with iron and acidity and increasing pH
(Table 3.4). Down-gradient of Dam 10 at the west end of TMA-1, pH in groundwater has been
decreasing (Table 3.4) consistent with pH in surface water within the basin (Station D-1,
Table 3.3; Appendix Figure C.1.4), although pH remains near neutral in both surface water and
groundwater. Sulphate in groundwater downstream of all four dams has generally been
decreasing, consistent with surface water concentrations over this period (Table 3.4, Figure 3.3).

Down-gradient of Dam 1 in TMA-2 (BH91-D9A), iron and acidity concentrations have
demonstrated a trend of increasing concentrations (Table 3.4; Appendix Figure C.1.3). However,
pH levels which were found to be decreasing in 2009 (Minnow 2011) appear to have stabilized at
near neutral concentrations (Table C.1.9).

3.1.5 Treatment Performance

The primary ETP for the Denison TMA is located at the outlet of TMA-1 with a second ETP at
TMA-2 to treat seepage from this basin as well as from a historical tailings spill (Figure 3.1). The
TMA-1 ETP uses both barium chloride (for treatment of radium-226) and caustic soda (to raise
pH if significant rainwater or snowmelt occurs), although caustic soda has not been used since
2011 (Figure 3.4). Barium chloride consumption (kg/yr) has increased over the 2010 to 2014
period (Figure 3.4), which is likely associated with decreasing sulphate resulting in increasing
radim-226 in TMA-1 influent during this period. The ETP also operated for more days each year

_/"'_“"'---._
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Table 3.4: Summary of water quality trends®” in TOMP groundwater in Denison TMA, 1991° to 2014.

Location

- decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.

@ Due to a change in analytical technique for acidity in 2006, trends were assessed from 2007-2014.

® Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.1.14.
° This is the earliest year included in the trend analysis, but not all stations have data going back to 1991.

Station Depth (m) Dates Acidity® Iron
Downgradient of Dam 1 (TMA-2) BH91-D9A 22 1991-2014 0.976 0.855
Downgradient of Dam 10 (TMA-1) BH91-DG4B 10.9 1996-2014 ND 0.061
Downgradient of Dam 17 (TMA-1) g:g}:g::i gg 13213813 ND 0418
Downgradient of Dam 17 (TMA-1) g:g}:ggi i; ::gg}:gg::j

Sulphate
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over the same period, reflected in the total volume of effluent treated due to a change in operating
practice and several above average precipitation years.

The historical spill and seepage from TMA-2 is treated with barium chloride to reduce radium-226
concentrations (currently no treatment for pH). Reagent use has been relatively stable over the
past five years (Figure 3.5), likely associated with a stable vegetative cover, reductions in
radium-226 concentrations in TMA-2 influent and seepage flow rates that are more consistent
than surficial runoff which is influenced by precipitation.

Treated effluent quality is monitored at the outlet of the settling ponds downstream of each ETP
(TMA-1 is monitored at D-2 and TMA-2 is monitored at D-3). Over the past five years, effluent
pH has consistently achieved discharge criteria at both discharges (Figures 3.6 and 3.7).
Radium-226 concentrations in grab samples were greater than the monthly mean discharge
criterion on a number of occasions between 2010 and 2012 at station D-2, although the values
were well below the individual grab sample criterion of 1.11 Bg/L (Figure 3.6). Radium-226
concentrations at station D-3 have been consistently below the monthly average discharge
criterion (Figure 3.7). TSS concentrations have been well below the monthly average discharge
criterion at both stations over the past five years (Figure 3.6 and 3.7).

Effluent has also been consistently non-lethal to Daphnia magna and rainbow trout, with no
mortality reported in semi-annual acute toxicity tests (Table 3.5). Similarly, reproduction of
Ceriodaphnia dubia was not affected by exposure to 100% effluent over the past five years, with
the exception of June 2014 (Table 3.4). However, the IC25 (effluent concentration causing 25%
inhibition relative to control organisms) was 89%, whereas the Denison effluent concentration in
the Serpent River is much lower (i.e., <10%), therefore, effects to these invertebrates would not
be expected downstream of the discharge.

3.1.6 Summary

Water cover over tailings was consistently maintained at the Denison TMAs over the past five
years. Since decommissioning, concentrations of radium-226, sulphate, and uranium have
decreased and are near the 50-year post decommissioning predictions (i.e. 2040). More recently,
radium-226 and uranium concentrations have continued to decrease in TMA-2. In TMA-1, pH
has been decreasing but remains neutral and radium-226 has been increasing in surface water
of the TMA. The increasing radium-226 at TMA-1 appears to be attributed to a step change in
2008, possibly related to decreases in sulphate over time. The pH levels with the basin remain
neutral and frequently achieved the PWQO at D-1 prior to treatment and are much more stable
than values observed immediately following closure. Groundwater down-gradient of the east end
of TMA-1 reflects improving conditions since decommissioning, based on decreasing iron and
sulphate concentrations and increasing pH to near-neutral. However, groundwater acidity and
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Table 3.5: Toxicity test results for samples collected at Denison TMA station D-2, 2010 - 2014.

Acute Toxicity Reproduction
Sample Date ( % mortality) (Ic25° as % effluent)
(month-year) .
Daphnia rainbow i ) e
a b Ceriodaphnia dubia
magna trout
May-10 0 0 >100
October-10 0 0 >100
May-11 0 0 >100
December-11 0 0 >100
May-12 0 0 >100
November-12 0 0 >100
May-13 0 0 >100
October-13 0 0 >100
June-14 0 0 89
October-14 0 0 >100

@ Daphnia magna 48-hr LC50 test (Environment Canada 2000a).

® Rainbow trout 96-hr LC50 test (Environment Canada 2000b).

¢ Ceriodaphnia dubia survival and reproduction test (Environment Canada 2007).
4 Effluent concentration causing 25% inhibition relative to control organisms.
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iron concentrations have been increasing down-gradient of TMA-2. Groundwater pH has been
or is approaching near-neutral at most stations. Reagent use has increased in recent years
reflecting increased radium-226 in ETP influent associated with decreasing sulphate
concentrations. Regardless, effluent quality has consistently achieved discharge criteria over the
past five years and all acute toxicity tests on Daphnia magna and rainbow trout were non-toxic
with only slight inhibition (89% effluent) of reproduction observed in sublethal tests with the
invertebrate Ceriodaphnia dubia.

3.2 Spanish-American TMA
3.2.1 Basin History and Modifications

The Spanish-American mine and mill, located 10 km northeast of the City of Elliot Lake, operated
from 1958 to 1959. During that time the mine deposited approximately 0.45 million tonnes of
tailings into the Spanish-American TMA. Since 1994, continual improvements have been made
to the site to improve water quality and to manage tailings (Table 3.6). Notable events include
moving approximately 90,000 m3 of exposed tailings beaches at the eastern end of Spanish-
American TMA to the western end of the basin, providing a nominal water cover depth of 0.9 m
at the eastern perimeter and 1.5 m in the centre of the basin, and construction of two engineered
berms (North and South berms) installed at the western outlet to flood the basin and confine the
10.92 ha Spanish-American TMA (Table 3.6).

There is no ETP at the Spanish-American TMA. Drainage from the 37-hectare Spanish-American
TMA watershed (owned by Rio Algom Limited), is monitored at station ECA-128 as it passes
through the South Berm spillway to Denison TMA-1 (owned by Denison Mines Inc.; Figure 3.8).
Station ECA-128 is monitored under the TOMP and the substances and frequency monitored are
specific to the station type (Table 3.7). Data from ECA-128 are summarized in the following
section and presented in Appendix C (Appendix Table C.2.1).

3.2.2 Basin Surface Water Quality

Surface water quality is monitored at the outlet of the Spanish-American TMA prior to its discharge
to Denison TMA-1 (ECA-128). Effluent from the TMA is treated at the Denison TMA-1 ETP prior
to discharge to the Serpent River Watershed. Routine monthly inspections of the Spanish-
American TMA indicate that the water cover in the TMA was consistently maintained with no
exposed tailings observed, and water levels were below the crest elevation of constructed berms
(Figure 3.9).

Over the past twelve years (2003-2014), water quality within the basin has improved with
decreasing concentrations of sulphate and uranium (Table 3.8). Past trends have suggested that
radium-226 is increasing (Minnow 2011), however when data from the previous five years are
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Table 3.6: Spanish-American TMA site improvement undertakings since closure.

Year Action Rationale for Action
The tailings were regraded and two low S .
To provide improved water cover over tailings
berms, North and South Berms, were o . .
1994 . to inhibit oxidation, with a minimum depth of
constructed. Exposed beach tailings were
. 1.5m.
relocated to areas with water cover.
1994 - 1996 Basm lime slurry addition during and after Achieve target surface water pH of 7.0.
(summers) [flooding.
2008 North and South Berm survey. Confirm as-built conditions align with design.
Confirm spillway invert is at design elevation;
2014 Spillway survey.

establish reference benchmark for on-going
monitoring and beaver debris management.




Table 3.7: TOMP monitoring stations, substances, and frequencies® at Spanish-American TMA.

Parameters and Frequencies®
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Table 3.8: Summary of water quality trends® at TOMP monitoring stations, Spanish-American TMA, 2003 to 2014.

Number of
Station ID | Type/Location | Months Used in | Acidity | Barium | Cobalt Iron | Manganese pH Radium-226 | Sulphate | Uranium
Common Trend

Sp. Am. TMA

ECA-128 Effluent

4 - 0.375 ND -0.356 -0.173 0.039 0.162

- decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).
ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.2.2.
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included, no significant correlation is observed although concentrations appear to be decreasing
over the past five years (Appendix Figure C.2.1). Barium concentrations were found to be
increasing within the basin (Table 3.8). The increase in barium may be due to the dissolution of
barium sulphate in the TMA as sulphate concentrations decrease. While barium is not added to
the TMA, naturally occurring barium bound as barium sulphate may be involved in this process.
The concentrations of barium remain extremely low (i.e., < 0.040 mg/L, Appendix Figure C.2.2).

3.3  Quirke TMA
3.3.1 Basin History and Modifications

The Quirke TMA is located approximately 13 km north of the City of Elliot Lake and immediately
north of Dunlop Lake. The Quirke mine and mill operated from 1956 to 1961, and again from
1968 to closure in 1990. Over this period, the Quirke mill produced approximately 42 million
tonnes of tailings which, along with four million tonnes of waste rock, were deposited into the
Quirke TMA. The Quirke TMA is a flooded tailings basin with a surface area of 183.5 ha. This
TMA is composed of five terraced cells (Cells 14 to 18) within a bedrock-rimmed basin, separated
by engineered, low-permeability dykes (Figure 3.10). The last cell (Cell 18) is approximately 14
metres lower than Cell 14 creating a west to east cell-to-cell seepage gradient across the basin.
Water is transferred from Gravel Pit Lake to Cell 14 to replenish and maintain the water cover in
Cell 14. Following closure in 1990, site improvements have been made on a continuous basis to
improve TMA performance and quality of effluent discharged into the receiving environment,
including seepage and spillway control measures, treatment measures and performance
monitoring methods (Table 3.9).

Within the TMA, surface water, porewater, and ground water are monitored under the TOMP and
the locations, substances and frequency monitored are specific to the station type (Table 3.10)
Data from the TOMP stations are summarized in the following sections and presented in
Appendix C (Appendix Tables C.3.2 — C.3.17).

3.3.2 Water Management

Since the five cells of the Quirke TMA are terraced, water elevations are lower in each progressive
cell (Figure 3.11). Water from the first cell (Cell14) flows into the next cell until it reaches Cell 18
where it is treated prior to discharge to the Serpent River. Water is taken seasonally from Gravel
Pit Lake to maintain average water elevations within Cell 14 (2010 — 2014) near the spillway
overflow pipe level (invert elevation of 377.77 masl), during the water taking season (spring and
fall). Water elevations in Cell 15 (invert elevation of 373.74 masl) have generally followed
seasonal trends observed in Cell 14, with levels usually occurring below the spillway invert. Cells
16 and 17 have remained at or above spillway invert elevation for the reporting period

_/"'_“"'---._
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Table 3.9: Quirke TMA site improvement undertakings since closure.

Year Action Rationale for Action
Reduce seepage loss from TMA in preparation
1989 - 1990 Main Dam constructed with low permeability core;|for flooding and raise Gravel Pit Lake elevation
Dam L and Dam M raised. above Cell 14 to control flow direction towards
the TMA.
1991-1992 |Dyke 14 raised to form Cell 14. fg‘\f’e"r’erge tailings with minimum 0.6 m water
1994-1996 |Dykes 15, 16, 17 constructed. fg\t’e"r’erge tailings with minimum 0.6 m water
1995 - 2015|Seasonal in-situ lime addition. Accelerate neutralization of historic acidity.
1997 Dyke 14 and 15 upstream till blanket application. |Reduce seepage flow between cells.
Overflow spillway constructed in bedrock . .
1999 immediately west of treatment plant. Upgrade facility flood conveyance capacity.
Dyke 14, 15, 16, 17 emergency overflow Increase retention capacity and flood conveyance
2000 spillways constructed. to improve containment during failure of
Dams G1 and G2 raised. upstream dykes.
Dyke 14 till blanket extended along length of dyke .
2003 and sand diffusion barrier applied to 68% of Cell Reduce seepage from Cell 14 as well as radium
14 releases to overlying surface waters.
2007 Treatment plant inlet culvert replacement. Lr&?/r:r\t/e longevity of treatment plant inlet sump
Dykes 16, 17 and 23 design grade restored with . - . .
e ; ) Restore design conditions and improve erosion
addition of upstream erosion protection. )
2008 . protection.
Gravel Pit Lake back-up flow control valves Provide redundancy Cell 14 (Q-29) flow control
added at Q-29. y '
Replaced Q-22 and ECA-398 flow monitoring
2009 . , . ) Improve flow measurement accuracy.
weirs with stainless steel V-notch weirs.
Dam K1 and K2 design grade restored with . . :
Iy Restore design condition and improve settlement
addition of settlement plate at S abutment Dam o
KA monitoring (Dams K1 and K2)
Dam D raised and drop box structures replaced Islzgzazeczetatllériwtg ?82::1 rgt)enuon time and sludge
2013 with concrete spillway. 9 pactty ]
Remote Monitoring Network communications and | , . I :
. - Align remote monitoring approach across sites
centralized supervisory control and data . L
- . and improve reliability.
acquisition system standardized and replaced.
Installation of snow fence along northern section Minimize drifting along the toe access and
2014 of Dam D and placement of cobble erosion 9 9

protection material along face of Dam D.

stabilize the upstream slope.




Table 3.10: Cycle 4 approved TOMP monitoring stations, substances, and frequencies® at Quirke TMA.

Parameters and Frequencies®

e 35 3
N © W - 8
c o N Z Q o Q [
S 3 E 5t gz& z a
® < = o ¥ S5 ®0 = o
) S % o S gc £2¢c ) ° c =
TOMP Stations ~ Station Type/Purpose | o 5 @ e 58 8588 P < g &
Basin performance
Q-05¢ (primary), ETP w D M Q M M M Q Q
operations
Q-03¢ ETP operations w
Q-04P¢ ETP operations D
Q-28¢ Effluent we W M W W Mm°®
Q-29 Perimeter monitoring W
Cell 14, 15, 16S, |Basin performance d
17 (secondary) M S S S > >
90DK-14-5C;
DK15-2(A-D);
DK15-4(A-D); Porewater A A A A
DK16-2(A-D);
DK17-2(A-D)
QPW1-1,4,8;
gggwiACD Groundwater A A A A
95QW-5A,D

4D - Work days, W - Weekly, M - Monthly, S - Semi-annually, A - Annually, Q-Quarterly

® SAMP metals are barium, cobalt, iron, manganese, and uranium.

¢ Monitoring requirement of SAMP.

d Sampled when treatment plant is operating.
® During the snow-free period (April - November).
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(Figure 3.11). Water elevations in Cell 18 were generally within the upper and lower operating
limit for the TMA, with the exception of lower levels in the late summer and fall of 2013 to
accommodate planned treatment shut-downs during Dam D repairs (Figure 3.11).

3.3.3 Basin Surface Water Quality

Basin surface water quality is monitored at five stations: the spillway of each cell (Cells 14, 15,
16S and 17) and at the ETP influent from Cell 18 (Q-05; Table 3.10, Figure 3.10). Since
decommissioning (1990 to 1996), treatment plant influent concentrations of sulphate and uranium
have decreased, and pH has increased to near neutral levels with some fluctuations in pH levels
occurring (Figure 3.12). Concentrations of radium-226 increased slightly between 1992 and 2002,
but following the application of the sand diffusion barrier to Cell 14 in 2003 concentrations have
been stable or decreasing (Figure 3.12). Concentrations of radium-226, sulphate, and uranium
are approaching the 50 year post decommissioning predictions (i.e. 2040) (Figure 3.12).

More recently (2003-2014), surface water has continued to improve with significant reductions in
radium-226 and sulphate and increased pH in Cells 16 and 17, and corresponding significant
reductions in acidity, barium, cobalt, manganese, radium-226, sulphate and uranium and
increased pH at Q-05 (Table 3.11; Appendix Figures C.3.1 to C.3.4). These improvements are
attributed to on-going lime additions within Cells 16 and 17 (Table 3.9). While radium-226 and
barium have been decreasing at the ETP influent (Q-05 — Cell 18; Table 3.11), it is expected that
as sulphate continues to decrease it will result in the dissolution of barium sulphate and the
release of associated radium-226 (EcoMetrix 2011b). In Cell 14, pH showed a significantly
reducing trend (Table 3.11), although pH has increased since 2011 (Appendix Figure C.3.1). The
decline in pH was related to the covering of lime applied prior to flooding in 1994 with a till/sand
diffusion barrier installed in 2003. As a decline in pH was observed at Cell 14 in 2011, lime slurry
was added at Q-29 to increase the alkalinity and subsequently pH within the cell.

3.3.4 Porewater

Porewater is monitored annually for acidity, pH, iron, and sulphate in each of the five dykes within
the Quirke TMA (Table 3.12, Figure 3.10). Porewater at the Quirke TMA represents surface water
infiltrating the tailings and flushing of historic porewater and so it is not surprising that porewater
demonstrated similar trends to basin surface water. Sulphate, iron, and acidity concentrations
decreased over time (1990 to 2014), while pH increased at almost all locations and depths
(Table 3.12; Appendix Figures C.3.5 to C.3.10). In shallow (3-5 m) and mid depth (6-10m)
porewater samples, pH achieves levels predicted in the EIS for 2040 (i.e., 50 year post-closure,
Figure 3.13). In deeper (11-15m) porewater samples, pH is approaching the predicted level
(Figure 3.13).
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Table 3.11: Summary of water quality trends® for TOMP monitoring stations, Quirke TMA, 2003 to 2014.

Radium-226 | S

ulphate |Uranium

0.194

0.177 -

-decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

Stati Number of
Tnlon Type/Location Months Used in | Acidity | Barium | Cobalt | Iron | Manganese
Common Trend"
Cell 14 |Cell 14 at Spillway 2t05 -0.182 - - 0.432 -
Cell 15 |Cell 15 at Spillway 2to5 ND - - -0.304 -
Cell 16S |Cell 16S at Spillway 2t05 ND - - -0.250 - 0.456
Cell 17 |Cell 17 at Spillway 2t04 ND
Q-05 Treatment Plant Influent 41012

@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.3.18 to C.3.22.

® Months used varied for substances based on suitability of data for trend analysis.

-0.264

"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).

Italic text - mean monthly correlations significantly different, but common trend value provided.

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.



Table 3.12: Summary of water quality trends®® in TOMP porewater and groundwater in Quirke TMA, 1990° to 2014.

Type Location Station Depth (m) Dates Acidity®
Cell 15 below Dyke 15 DK14-5C 5.91 1991-2014 ND
DK15-2D 413 1995-2014 | -0.600
DK15-2C 5.5 1995-2014
Cell 16 below Dyke 15 DK15-2B 7.25 1995-2014
DK15-2A 10.24 1995-2014
DK15-4D 4.01 1995-2014
DK15-4C 5.61 1995-2014
Cell 16S below Dyke 15 DK15-4B 708 | 1995-2014
Porewater DK15-4A 10.3 1995-2014
DK16-2D 4.01 1995-2014
DK16-2C 5.6 1995-2014
Cell 17 below Dyke 16 DK16-2B 7.1 1995-2014
DK16-2A 10.21 1995-2014
DK17-2D 3.91 1995-2014 0.722
DK17-2C 5.57 1995-2014
DK17-2A 12.17 19952014 | - | 0282 0.883
95QW-3D 4.6 1995-2014 -0.184 0.895
Downgradient of Main Dam 95QW-3C 9 1995-2014
95QW-3A 20.7 1995-2014
Downgradient of Dam G2 at east end of TMA | 95QW-4 10 1995-2014 ND
Groundwater . 95QW-5D 43 1995-2014 ND
Downgradient of Dam K1 95QW-5A | 975 | 19952014 | -0.872
. . QPW1-1 2.1 1991-2014 ND
Downgradient o:‘DDsg"lzgt upgradient of QPW1-4 114 1990-2014 ND
y QPW1-8 23.9 1990-2014 ND

- decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).

? Due to a change in analytical technique for acidity in 2006, trends were assessed from 2007-2014.
® Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.3.23 to C.3.24.
° This is the earliest year included in the trend analysis, but not all stations have data going back to 1990.
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3.3.5 Groundwater Quality

Four locations (wells) are sampled annually for acidity, pH, iron, and sulphate. One well is located
at the east end of the TMA (95QW4), one is down-gradient of the Main Dam (95QW3-A,C,D) at
the north end of the TMA, and the other two are located down-gradient of Dam K1 at the west
end of the TMA (95QW5-A,D and QPW1-1,4, 8; Figure 3.10).

At the north end of the TMA, down-gradient of the Main Dam (95QWS3), a significant increase in
pH and decrease in acidity, iron, and sulphate indicated improved ground water quality over time
(Table 3.12). Down-gradient of Dam G-2 at the east end of the TMA (95QW4), pH levels have
significantly decreased over time, although pH was historically near 8.0, and remains near neutral
(Table 3.12; Appendix Figure C.3.11). Down-gradient of Dam K1 (QPW1), iron and sulphate have
been increasing in deeper wells with concentrations at 8 m possibly stabilizing since 2005
(Table 3.12, Appendix Figure C.3.13). Iron concentrations increased in 2005 at QPW1-4, but
have steadily decreased since (Appendix Figure C.3.13). In these wells (QPW1), pH is
decreasing, which differs from the previous SOE (Minnow 2011), and may be associated with
historical liming in Cell 14, which had buffered the groundwater down-gradient of Cell 14, now
being depleted. Overall, these trends likely reflect the slow flushing of contaminants in the west
end of the basin since flooding in 1990.

3.3.6 Treatment Performance

The Quirke TMA ETP is located at the spillway from Cell 18 (Figure 3.10). Treatment includes
both lime and barium chloride to reduce acidity and radium-226, respectively. Annual barium
chloride consumption has remained relatively stable during the reporting period, while the lime
consumption rate has declined from 0.018 to 0.012 mg/L (Figure 3.14). Total usage of barium
chloride fluctuated yearly, while total usage of lime was consistent as a result of increasing
volumes of effluent treated (Figure 3.14). Treated effluent quality is monitored at the outlet of the
ETP settling pond (Q-28), and over the past five years has consistently achieved discharge criteria
with decreases in seasonal variability of pH, radium-226 and TSS observed following the raising
of Dam D in late 2013 (Figure 3.15).

Effluent has also been consistently non-lethal to Daphnia magna and rainbow trout with no
mortality reported in semi-annual acute toxicity tests (Table 3.13). Similarly, reproduction of
Ceriodaphnia dubia was not affected by exposure to 100% effluent in all but one of the tests
conducted over the past five years (Table 3.13). However, the IC25 (effluent concentration
causing 25% inhibition relative to control organisms) for this sample was 87%, whereas the Quirke
effluent concentration in the Serpent River is much lower (i.e., <5%, Calder 2015), therefore,
effects to these invertebrates would not be expected downstream of the discharge.
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Figure 3.15: Effluent concentrations versus monthly average discharge criteria at Quirke
TMA station Q-28.



Table 3.13: Toxicity test results for samples collected at Quirke TMA station Q-28, 2010 - 2014,

Acute Toxicity Reproduction
Sample Date (% mortality) (1c25% as % effluent)
(month-year)
Daphnia rainbow . . -
a b Ceriodaphnia dubia
magna trout
May-10 0 0 >100
November-10 0 0 >100
May-11 0 0 >100
November-11 0 0 >100
May-12 0 0 87
November-12 0 0 >100
May-13 0 0 >100
November-13 0 0 >100
May-14 7 0 >100
November-14 0 0 >100

@ Daphnia magna 48-hr LC50 test (Environment Canada 2000a).

P Rainbow trout 96-hr LC50 test (Environment Canada 2000b).

¢ Ceriodaphnia dubia survival and reproduction test (Environment Canada 2007).
4 Effluent concentration causing 25% inhibition relative to control organisms.
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3.3.7 Summary

Tailings water cover in the Quirke TMA has been maintained, with water levels within operational
range limits. In-basin surface water and porewater quality has been improving over time and
generally achieves EIS predictions (i.e. the TMA is performing as anticipated). Groundwater
down-gradient of the Main Dam has been improving over time, while the groundwater down-
gradient of Dam K1 has shown decreasing pH and increasing concentrations of iron and sulphate.
It is expected that these trends are representative of the initial flushing of historical porewaters
from the TMA following flooding. In the past five years effluent quality consistently achieved
discharge criteria and all acute toxicity tests on Daphnia magna and rainbow trout were non-toxic,
with only slight inhibition of reproduction exhibited in one test using Ceriodaphnia dubia. Overall,
the Quirke TMA is performing well and conditions are improving over time.

3.4 Panel TMA
3.4.1 Basin History and Modifications

The Panel TMA is located 19 km northeast of the City of Elliot Lake, immediately north of Quirke
Lake. The TMA is comprised of two bedrock-rimmed basins, the Main Basin and the South Basin,
and contains a total of approximately 16 million tonnes of tailings and waste rock produced during
two operating periods: 1958 to 1961 and, following rehabilitation and upgrading, from 1979 to
closure in 1991 (Rio Algom Limited 1995).

The Main Basin is contained by four engineered low-permeability dams (Dams B, D, E, and H)
and has a total area of approximately 84 hectares (Figure 3.16). The Main Basin drains into the
South Basin via a spillway. The South Basin, which contains a small quantity of tailings deposited
in the late 1950s, is retained by two engineered low-permeability dams (Dams A and F) that have
maintained the 39-ha basin in a flooded state since 1978 (Rio Algom 2000; Figure 3.16). The
overflow from the South Basin enters the ETP where it is treated with a mixture of lime slurry and
barium chloride to maintain pH and remove radium-226, respectively. Improvements have been
made since decommissioning (Table 3.14), and have included work to maintain water levels and
flow through dam and treatment plant upgrades.

Within the TMA, surface water and groundwater are monitored under the TOMP and the locations,
substances, and frequency monitored are specific to the station type (Table 3.15). Data from the
Panel TOMP stations are summarized in the following sections and presented in Appendix C
(Appendix Tables C.4.2-C.4.8).
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Table 3.14:

Panel TMA site improvement undertakings since closure.

Year Action Rationale for Action
Dam H constructed, Dam D decant sealed and Submerge Main Basin tailings with minimum
1992 . . . 1.5 m water cover and upgrade flood conveyance
Main Basin spillway cut from bedrock. . C o
capacity to inhibit oxidation of tailings.
1994-1999 gﬂdad':;iggd South Basin seasonal in-situ lime slurry Increase pH and reduce metals in surface waters.
Upgrade South Basin flood conveyance capacity
1999 Dam F overflow spillway in the South Basin and |and submerge historic Pond C tailings with
Pond C Berm constructed. minimum 1.5 m water cover to inhibit oxidation of
tailings.
. Improve long-term stability of low permeability till
2000 - 2002 |Dams B, C and E frost protection added to crest.
core of the dams.
2003 Dams B and E upstream rockfill addition. Strengthen erosion protection of dams.
Pond C Berm raised with overflow spillway Increase storage and flood conveyance capacity
2008 constructed in bedrock. of Pond C.
Dam F upstream rockfill addition. Strengthen erosion protection of dam.
Lime storage tank replaced and secondary Improvg lime tan!< access, responsg to reagent
. tank failure or spills, and provide spill
containment constructed. )
2010 containment.
Treatment plant sodium hydroxide addition Provide gravity feed treatment capacity during
system installed. power outage.
Remote Monitoring Network communications and |, . o .
) ) Align remote monitoring approach across sites
2013 centralized supervisory control and data . o
- . and improve reliability.
acquisition system standardized and replaced.
2014 Incorporation of a pump into the barium chloride |Reduce line-clearing maintenance during routine

addition system.

operations.




Table 3.15: Cycle 4 approved TOMP monitoring stations, substances, and frequencies® at Panel TMA.

Parameters and Frequencies®
I 2
2 © Q _5 _5 s
= S | £ 65 EES5 Z o
TOMP > 2 2 s 5 g2 282 ¢ k) c =
Stations | Station Type/Purpose w i :E_ 8 u=> & | 8 @ 5 8 |‘2 2 § %
Basin performance
P-13' (primary), ETP w D M Q M M M Q Q
operations
ECA-349" | ETP operations D
P-14' p-36" Effluent d W M W W Mm°®
P-15 Perimeter M
P21 Basin performance Me S S S S S
(secondary)
P-16A, P-
20, P-31 Groundwater A A A A

@D - Work days, W - Weekly, M - Monthly, S - Semi-annually, A - Annually, Q-Quarterly
® SAMP metals are barium, cobalt, iron, manganese, and uranium.

¢ Monitoring requirement of SAMP.

4No flow monitoring at P-14 because <1% additional flow between P-13 and P-14.

© During the snow-free period (April - November).

"Sampled when treatment plant is operating.
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3.4.2 Water Management

Water levels are monitored in both the Main and South basins of the Panel TMA. The Main Basin
water elevation has generally remained above the spillway invert (393.2 m), although a bedrock
outcrop down-gradient of the spillway tends to retain water in the spillway to an elevation above
393.4 m (Figure 3.17). In the South Basin, an operating practice is used to maintain a relatively
consistent water elevation while minimizing treatment plant start and stop cycles. Generally water
is drawn down in the fall to maximize winter storage capacity and avoid winter operation of the
ETP (i.e., period when ETP is least efficient). At the time the last State of the Environment Report
(Minnow 2011) was prepared, Rio Algom established winter and summer minimum operating
elevations for the South Basin to minimize fluctuations in water elevations. In the fall/winter, a
draw down elevation of 379.6 m is used with a restart target of 380.15 m (0.55 m fluctuation in
water level), whereas in the summer the draw down elevation is 380.00 m with a restart target of
380.34 (0.34 m fluctuation). Water levels in both basins were typically within the established
operating levels (Figure 3.17), however, water levels in the South Basin were drawn down below
the minimum in the winter of 2014. Based on heavy snowfall during the winter of 2014, a
significant increase in flow and water level during the spring melt and rains was expected and
therefore, to provide sufficient freeboard for the anticipated melt event, the water level was
lowered to below the winter minimum operating level for a short period before the freshet occurred
(Figure 3.17).

3.4.3 Basin Surface Water Quality

Surface water quality is monitored at three stations: the spillway of the Main Basin (P-21), the
South Basin ETP influent (P-13) and the ETP settling pond underflow drainage (P-15; Table 3.15;
Figure 3.16). Since decommissioning, radium-226, sulphate and uranium concentrations have
decreased and pH has increased to neutral at ETP-influent station P-13 (Figure 3.18), such that
concentrations are at or approaching the 50 year post decommissioning predictions (i.e., 2040).

More recently (2003-2014) surface water has continued to improve with significant reductions in
the concentrations of acidity, cobalt, radium-226, and sulphate and increased pH at the ETP
influent (P-13; Table 3.16; Appendix Figure C.4.1). At the main basin overflow, sulphate
concentrations have significantly decreased, while iron and pH have increased (Table 3.16,
Appendix Figure C.4.2). At the ETP influent, pH meets the discharge criterion (6.5 to 9.5) and
radium-226 concentrations are approaching the criterion (median of 0.399 Bq/L versus the criteria
of 0.37 Bq/L; Appendix Table C.4.3). At the outlet of the Main Basin, both pH and radium-226
achieve discharge criteria prior to treatment (Appendix Table C.4.5).
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Table 3.16: Summary of water quality trends® for TOMP monitoring stations, Panel TMA, 2003 to 2014.

Radium-226 | Sulphate | Uranium

-decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

& Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.4.9 to C.4.10.

® Months used varied for substances based on suitability of data for trend analysis.

Stati Number of
z?[;on Type/Location Months Used in | Acidity | Barium | Cobalt Iron [ Manganese pH
Common Trend®
P-21 Main Basin Outflow 2to3 ND - - 0.766 - 0.566
P-13 ETP Influent 3to8 0.059 0.324 -0.144 0.599

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.

"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).
Italic text - mean monthly correlations significantly different, but common trend value provided.
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3.4.4 Groundwater Quality

Three locations (wells) are sampled annually for acidity, pH, iron, and sulphate. Two wells are
located in the Main Basin down-gradient of Dams E (P-31) and B (P-16A) and one is located
down-gradient of Dam A (P-20) in the South Basin (Figure 3.16). Since decommissioning,
groundwater in the Main Basin down-gradient of Dam B (P-16A) showed a significant increase in
sulphate and decrease in pH over time (1990-2014, Table 3.17), although conditions have been
stable or possibly improving since 2003 (Appendix Figure C.4.4). These trends are representative
of acidic waters from early decommissioning being flushed through the groundwater. However,
seepage quality down-gradient of Dam B (P-02) has been improving over time (See
Section 4.1.2). No significant trends were found at the other groundwater station down-gradient
of the Main Basin (P-31). In the South Basin down-gradient of Dam A (P-20 — towards Pond C),
sulphate in groundwater has decreased over time (Table 3.17, Appendix Figure C.4.3) consistent
with the trend observed in South Basin surface water (Table 3.16).

3.4.5 Treatment Performance

Influent from the South Basin is treated at the ETP and associated settling ponds prior to
discharge to the receiving environment at station P-14 (Figure 3.16). The TMA ETP uses both
lime and barium chloride to reduce acidity and radium-226 levels, respectively. Both barium
chloride and lime consumption (mg/L treated) have been relatively stable over the reporting
period, although the total usage of both barium chloride and lime increased in 2013 and 2014 due
to an increase in the volume of effluent treated (Figure 3.19).

Treated effluent is monitored at the outlet of the ETP settling pond (P-14) and, over the past five
years, effluent quality has consistently achieved discharge criteria (Figure 3.20; Appendix
Table C.4.1). Effluent has also been consistently non-lethal to Daphnia magna and rainbow trout,
with no mortality reported in semi-annual acute toxicity tests at station P-14 (Table 3.18).
Similarly, reproduction of Ceriodaphnia dubia was not affected by exposure to 100% effluent in
any tests conducted over the past five years at the same station (Table 3.18).

3.4.6 Summary

Water levels at the Panel TMA have been maintained within operating levels, with the exception
of increased draw down in the South Basin in the winter of 2014 to accommodate large amounts
of snow fall and the resultant increase in water levels during freshet. In-basin surface water quality
has been improving over time and is near or achieving the 50-year EIS predictions (i.e., the TMA
is performing as anticipated). Since decommissioning, groundwater down-gradient of the Main
Basin showed a significant increase in sulphate and decrease in pH over time (1990-2014),
although conditions have been stable or possibly improving since 2003 and down-gradient

_/"'_“"'---._

November 2017 23



Table 3.17: Summary of water quality trends®” in TOMP groundwater in Panel TMA, 1990° to 2014.

Location Station Depth (m) Dates Acidity® Iron Sulphate
Downgradient of Dam A (South Basin) P-20 13.9 1990-2014 ND -0.183
Downgradient of Dam B (Main Basin) P-16A 24.8 1990-2014 ND -0.325
Below Dam E (Main Basin) P-31 9.97 1996-2014 ND 0.458

-decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
& Due to a change in analytical technique for acidity in 2006, trends were assessed from 2007-2014.

> Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.4.11.

¢ This is the earliest year included in the trend analysis, but not all stations have data going back to 1990.
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Table 3.18: Toxicity test results for samples collected at Panel TMA station P-14, 2010 - 2014.

Acute Toxicity Reproduction
Sample Date (% mortality) (1c25% as % effluent)
(month-year)
Daphnia rainbow . . -
a b Ceriodaphnia dubia
magna trout
October-10 0 0 -°
November-10 - - >100
May-11 0 0 >100
November-11 0 0 >100
March-12 0 0 -°
April-12 - - >100
November-12 0 0 >100
April-13 0 0 >100
October-13 0 0 >100
May-14 0 0 >100
November-14 0 0 >100

@ Daphnia magna 48-hr LC50 test (Environment Canada 2000a).

® Rainbow trout 96-hr LC50 test (Environment Canada 2000b).

¢ Ceriodaphnia dubia survival and reproduction test (Environment Canada 2007).
4 Effluent concentration causing 25% inhibition relative to control organisms.

° Test re-analyzed due to mortality in control sample.
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seepage at P-02 has been improving over time. In the South Basin down-gradient of Dam A,
groundwater sulphate has decreased over time consistent with the trend observed in surface
water. In the past five years effluent quality consistently achieved discharge criteria and all acute
toxicity tests on Daphnia magna, rainbow trout, and Ceriodaphnia dubia were non-toxic. Overall,
the Panel TMA is performing well and conditions are improving over time.

3.5 Stanrock TMA
3.5.1 Basin History and Modifications

The Stanrock Mine, located 21 km northeast of the City of Elliot Lake, began operations in early
1958 with mining occurring until 1970, and then again from 1978 to 1983. Tailings were
discharged into the natural basin of a small lake located immediately south of the mine which
became the Stanrock TMA (Figure 3.21). Approximately 5.7 million tonnes of tailings were
produced and stored within the 52-hectare Stanrock TMA over the course of mine operations. A
vegetative cover was chosen as the preferred option for decommissioning the Stanrock TMA.
Approximately 40 ha of the Stanrock TMA were vegetated in 1998 with the remainder, in the area
of the main headpond, being completed in 1999. Although there is a small headpond, water is
generally not impounded in the TMA, but drains from the surface and passes through a spillway
near Dam A to the Stanrock treatment plant. Seepage from Dams B and C is collected in the
Dam G Collection Pond. Seepage from the Dam G is collected in a settling pond upstream of
Dam M and pumped back to the Dam G Collection Pond. Water from Dam G Collection Pond is
pumped to the Dam A spillway where it flows downstream to the ETP holding pond for treatment
at the ETP, located to the southeast of the TMA (Figure 3.21). Treated effluent is discharged into
the Moose Lake settling pond which flows into Orient Lake polishing pond for further polishing
and eventually to Halfmoon Lake, which is the first downstream receiver after the final point of
control (DS-4, Orient Lake Outlet). Numerous site improvements have been made since tailings
were vegetated in 1999 to control flows and water levels, contain historic tailings spills and to treat
seepage and site water (Table 3.19).

Within the TMA, surface water, porewater and ground water are monitored under the TOMP and
the locations, substances and frequency monitored are specific to the station type (Table 3.20).
Data from the Stanrock TOMP stations are summarized in the following sections and presented
in Appendix C (Appendix Tables C.5.2-C.5.8).

3.5.2 Basin Surface Water Quality

Stanrock is a vegetative covered TMA and as such there is no surface water within the TMA.
Surface water runoff and seepage are collected in a holding pond and represent the influent to
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Table 3.19: Stanrock TMA site improvement undertakings since closure.

Year Action Rationale for Action
Spreading of bio-solids over TMA. To stimulate further plant growth.
Tailings removed from Quirke Lake and placed in Stanrock [To remove tailings from surface water and ensure proper
2000 TMA. containment and management of tailings.
Revegetation work done inside and outside of TMA. To prqmote TMA stability and achieve site reclamation
commitments.
Alarm system installation at ETP. Safety/security.
Biosolids spread over shatter spillway followed by seeding. |Establish sustainable vegetative cover over fine tailings,
2001 |Revegetation work also included addition of thin layer of ~ |reduce acid generation, attenuate gamma exposure.
soil on tailings and fertilizing and reseeding.
A four-inch siphon line W"?S lhstalled to direct Beaver Lake Reduce amount of Beaver Lake water entering Moose Lake]
water to Dam G Pond which is then pumped directly to .
ETP without treatment.
2004 | t'II ti f b t disch toB Lak d si
i:cszha ? :;)"r;;) ex¥22§;2 toISD(;rir/g-j\es ci)llwzav(zr aroer?arle s Direct seepage water to effluent treatment plant to reduce
PP . P v {approp loads to the Serpent River Watershed.
valves also installed).
Reduce tailings/air oxidation and subsequent acid
Revegetation of small areas of barren tailings within TMA. [production. Also minimize water and wind erosion and
radiological exposures.
2005 Construction of a temporary treatment facility below Dam  [Increase pH of seepage that was entering Quirke Lake to
G, including installation of a sodium hydroxide treatment  [comply with the Inspector’s Direction issued by
system and sludge collection system. Environment Canada on September 16, 2005.
\é\(l)?]tgr siphoned from Beaver Lake to Dam G collection Reduce untreated seepage overflow to Moose Lake.
In§tallat|on of an au.tomatgd elgctrlc valve system as Efficiency and better pH control.
primary means of dispensing lime for treatment at ETP.
2006
Construction of new rock lined ditch. To fjraln the ponded water away from Dam B to the existing
drainage system at Stanrock TMA.
aRre;r:;)val of spilled tailings in upper and lower wetland To ensure proper containment and management of tailings.
2008 |Construction of collection pond and pumping station at Dam G Seepage Collection improvements in order to
downstream end of lower wetland area to collect surface . e e
runoff and seepage water prior to discharge to Quirke comply with the Inspector's Direction issued by
Lake pag P 9 Environment Canada on September 16, 2005.
Excavation and relocation of tailings from historical spill, To ensure prober containment and manaaement of tailings
from the upper and lower wetland areas at Dam M. prop 9 gs:
Excavation of organic/peat material. For additional storage capacity within holding pond.
Construction of Dam M, spillway and pumphouse, and Dam G Sgepage CoIIectlc?n 'mpm?’e”?e”ts in order to
associated pipeline to discharge to Dam G holding pond comply with the Inspector's Direction issued by
PP 9 9PONA- 1 Environment Canada on September 16, 2005.
2009

Construction of freshwater diversion ditches to north and
south of new holding pond to capture surface runoff and
direct it beyond Dam M and through DS-16 to Quirke Lake.

Enhances access and storm water routing, and minimizes
amount of sand and gravel washing into collection pond.

Removal of the old temporary treatment facility from area.

Upgrading of the existing Dam G pumping system and
associated pipeline to accommodate additional water
received from Dam M holding pond

Dam G Seepage Collection improvements in order to
comply with the Inspector’s Direction issued by
Environment Canada on September 16, 2005.
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Table 3.19: Stanrock TMA site improvement undertakings since closure.

Year Action Rationale for Action
Disposal areas on site were limed, seeded and fertilized. To restore and/or establish sustainable vegetative cover.
Applied rip rap material to perimeter of holding pond and a
till blanket was constructed on upstream side of Dam M For erosion control, stabilization and increased storage
(50mx10mx1m). Additional material was excavated from |capacity of pond.
area as well.
2010 X :
Overflow spillway of Dam M raised from 351.55m to . . .
) . . To increase holding capacity of pond and to accommodate
352.8m. Crest was also raised and minor reconstruction of . .
. larger volumes of water in the north ditch.
north ditch.
Improvements made to existing access road to Orient Lake
outlet and construction of a new temporary road along Preparation for the Halfmoon Berm construction project.
south side of the wetland was completed.
Replacing beaver dams at the outlet of the Halfmoon To stabilize containment of treatment solids and tailings
2011 Wetland area with engineered berms. and maintain water levels.
Fertilizing and seeding at Dam M in areas affected by Restore site conditions after Dam G Seepage Collection
construction. project.
Siphons set up at Canmet site to lower pond level at a Pond level was high due to beaver activity. Lowering pond
controlled rate. level provides enhanced stability and function.
Upgrade to siphon line from Beaver Lake to Dam G. Allow for prolonged operation and to reduce maintenance.
2013 . . s
SCADA upgrade: installation of new PLC, communications
system, pump controls, and electric effluent valve control at . .
- . - Incorporate instrumentation to better enable remote
ETP, and installation of PLCs, communications system, o . -
monitoring and operation capabilities.
pump controls and level sensors at Dam G and M pump
stations.
2014 |Trees cut between Dam G and Dam M. Improve communication by providing clear line of vision

between the two sites.
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Table 3.20: Cycle 4 approved TOMP monitoring stations, substances, and frequencies' at Stanrock TMA.

Parameters and Frequencies®
I )
2 © OSF S 5
- E [} ﬁ, 2 ‘5- o 'E. g
S 5 g £ 55 eg§ > o
TOMP s 2 2 s 5 e2 282 ¢ k) c =
Stations  Station Type/Purpose | o = - 8 @ e 58 &858 P - g 5
Basin performance
DS-2 (primary), ETP D M Q M M M Q Q
operations
DS-3 ETP operations D
DS-4 Effluent we w M w w M°
DS-1 Adqmonal pH cpntrol, W W Q
radium monitoring
DS-6 Additional pH control w w
Seepages and surface
DS-5 water internal to TMA a a a
PN-ST3-
P3,5,6,8; Porewater A A A A
BH91-SG2A,D
BH91-SG1A,
BH98-16A,
BHO8-15A, Groundwater A A A A
BH91-SG3A,B

@D - Work days, W - Weekly, M - Monthly, S - Semi-annually, A - Annually, Q-Quarterly
® SAMP metals are barium, cobalt, iron, manganese, and uranium.
° Monitoring requirement of SAMP.
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the Stanrock ETP (DS-2). In addition, water quality is monitored within downstream settling ponds
(DS-6), polishing ponds (DS-1), and final effluent (DS-4; Figure 3.21).

Since 2003, TMA water quality at the ETP influent has generally remained stable, except for a
significant reduction in sulphate and a significant increase in barium (Table 3.21; Appendix
Figure C.5.1). The previous SOE (Minnow 2011) showed a significant decrease in radium-226
over the monitoring period (2003-2009), however since the current cycle has been added (2010-
2014), no significant trend was identified, suggesting that radium-226 concentrations have
stabilized. Influent radium-226 is now below the discharge criterion (0.37 Bq/L), but sulphate
remains elevated and acidity continues to require treatment (Appendix Table C.5.3).

3.5.3 Porewater

Porewater is monitored annually at two locations in the Stanrock TMA: up-gradient of Dam A (PN-
STP3-P) and up-gradient of Dam D (BH91-SG2) for acidity, pH, iron, and sulphate. Up-gradient
of Dam D, tailings porewater showed a significant increase in pH over time (Table 3.22; Appendix
Figure C.5.2). Up-gradient of Dam A (PN-STP3-P) porewater chemistry improved at the shallow
well (5.94 m — PN-STP-P3) with decreasing acidity and iron and increasing pH (Table 3.22,
Appendix Figure C.5.4). pH also increased significantly in the shallowest porewater well (2.64 m
— PN-ST3-P5; Table 3.22; Appendix Figure C.5.4), but decreased significantly over the same time
at the deepest sampling depth (20.91 m PN-ST3-P8; Table 3.22, Appendix Figure C.5.6),
consistent with results observed in 2010. Iron increased significantly at three of the four sampling
depths, but decreased at 5.94 m (Table 3.22; Appendix Figure C.5.4). The increase in pH in
shallower wells and the decrease in deeper wells likely reflects the on-going flushing of historic
acidity from the tailing porewater over time.

Porewater pH at all depths except the deepest (>26 m) achieved the EIS predicted level for 2010,
indicating that the TMA is performing as expected (Figure 3.22).

3.5.4 Groundwater Quality

Four groundwater locations are sampled annually for acidity, pH, iron, and sulphate: one well is
located down-gradient of each of the TMA Dams; A (BH91-SG1), B (BH98-16), C (BH98-15) and
D (BH98-SG3, Figure 3.21). Down-gradient of Dam A groundwater is assessed at a depth of
5.49m. Here, pH levels have significantly increased and sulphate and acidity concentrations have
significantly decreased over time (Table 3.22; Appendix Figure C.5.7) showing improvements in
groundwater quality. In the previous cycle, a significant increasing trend in iron concentrations
was observed, however when data from the current cycle is included, this trend is no longer
significant indicating that iron levels are stabilizing. Down-gradient of Dams B, C, and D, iron
concentrations significantly decreased, as did sulphate downstream of Dam C (Table 3.22;

_/"'_“"'---._
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Table 3.21: Summary of water quality trends® for TOMP monitoring stations, Stanrock TMA, 2003 to 2014.

Radium-226 | Sulphate | Uranium

Influent

Stati Number of
aI1D|on Typel/Location Months Used in | Acidity | Barium | Cobalt| Iron Manganese pH
Common Trend"
Ds-2  |IreatmentPlant 510 12 -0.309 | 0.435 | -0.067 | -0.600 0.037 | -0034| -0.002

-0.271

- decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05
& Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.5.9.

® Months used varied for substances based on suitability of data for trend analysis.




Table 3.22: Summary of water quality trends®” in TOMP porewater and groundwater in Stanrock TMA, 1991° to 2014.

Type Location Station Depth (m) Dates Acidity® Iron pH Sulphate

Upgradient of Dam D BH91-SG2A 33.31 1991-2014 -0.491 0.079 0.606 -0.359

PN-ST3-P5 2.64 1999-2014 0.487 0.679 0.908 0.900

Porewater . PN-ST3-P3 5.94 1991-2014 0.727 -0.359

Upgradient of Dam A

PN-ST3-P6 11.58 1991-2014 0.316 -0.300
PN-ST3-P8 20.91 1991-2014
Downgradient of Dam A BH91-SG1A 5.49 1991-2014
Downgradient of Dam B BH98-16A 5.49 1999-2014
Groundwater| Downgradient of Dam C BH98-15A 7.86 1999-2014
. BH91-SG3B 5.85 1999-2014
Downgradientof Dam D 15101 sG3a 8.78 1999-2014

-decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).
@ Due to a change in analytical technique for acidity in 2006, trends were assessed from 2007-2014.
® Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.5.10 to C.5.11.

© This is the earliest year included in the trend analysis, but not all stations have data going back to 1991.
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Appendix Figures C.5.8, C.5.9, and C.5.10). Down-gradient of Dam C, pH increased significantly
over time, though measurements have been relatively stable since 2005 (Appendix Figure C.5.9).

3.5.5 Treatment Performance

Water collected from the Stanrock TMA is treated at the Stanrock ETP, where it flows through a
settling and polishing pond prior to discharge into Halfmoon Lake (Figure 3.21). Treatment
includes both lime and barium chloride to reduce acidity and radium-226, respectively. Barium
chloride consumption rates were consistent between 2010 and 2012, but increased in 2013 and
2014, corresponding to an increase in treated effluent volumes (Figure 3.23). Lime consumption
rates declined over the reporting period, however total lime usage was similar over the same
period, possibly reflecting the increase in the volume treated (Figure 3.23).

Following treatment, effluent quality is monitored at the outlet of the Orient Lake polishing pond
(DS-4). Over the past five years, effluent quality has consistently achieved discharge criteria
(Figure 3.24; Appendix Table C.5.1). Effluent has also been consistently non-lethal to Daphnia
magna and rainbow trout, with no mortality reported in semi-annual acute toxicity tests
(Table 3.23). Similarly, reproduction of Ceriodaphnia dubia was not affected by exposure to 100%
effluent for most test results, though effects were observed in May 2010 and June 2014
(Table 3.23), in which reproduction was affected at effluent concentrations of 3% and 54%,
respectively.

3.5.6 Summary

Since 2003, water quality at the Stanrock ETP influent has improved with significant reductions in
radium-226 and sulphate. Influent radium-226 is now below the discharge criterion (0.37 Bg/L)
but sulphate remains elevated and pH continues to require treatment. Porewater pH has been
increasing except at the deepest well and, as a result, pH levels are for the most part, achieving
levels predicted in the EIS for 2010. However, iron in porewater down-gradient of Dam A has
been increasing over time. Groundwater down-gradient of Dams B, C, and D showed a significant
decrease in iron since decommissioning. Barium chloride consumption in the ETP has increased
in the past two years, corresponding to increased treatment volumes. Total lime usage has
remained stable. Effluent quality has consistently achieved discharge criteria over the past five
years and has consistently been non-lethal to Daphnia magna and rainbow trout, with no mortality
reported in semi-annual acute toxicity tests. Similarly, reproduction of Ceriodaphnia dubia was
not affected by exposure to 100% effluent in most tests, except for two samples collected in 2010
and 2014.
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Table 3.23: Toxicity test results for samples collected at Stanrock TMA station DS-4, 2010 - 2014.

Acute Toxicity Reproduction
Sample Date (% mortality) (1c25% as % effluent)
(month-year) :
Daphnia rainbow . . -
a b Ceriodaphnia dubia
magna trout
May-10 0 0 3
October-10 0 0 >100
May-11 0 0 >100
October-11 0 0 -°
December-11 - - >100
May-12 0 0 >100
October-12 0 0 >100
May-13 0 0 >100
October-13 0 0 >100
June-14 3 0 54
October-14 0 0 >100

@ Daphnia magna 48-hr LC50 test (Environment Canada 2000a).

® Rainbow trout 96-hr LC50 test (Environment Canada 2000b).

¢ Ceriodaphnia dubia survival and reproduction test (Environment Canada 2007).
4 Effluent concentration causing 25% inhibition relative to control organisms.

° Test re-analyzed due to mortality in control sample.
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3.6 Stanleigh TMA
3.6.1 Basin History and Modifications

The Stanleigh TMA is located 5 km northeast of the City of Elliot Lake and contains 20 million
tonnes of tailings from both the Milliken and Stanleigh mines and mills (Figure 3.25). During the
initial operating period, 5.7 million tonnes were deposited in the west arm of the basin from the
Milliken mill (1958 to 1964) and 1.7 million tonnes from the Stanleigh mill (1957 to 1960). In the
mid-1960’s, a lime and barium chloride treatment plant was constructed at the outlet of the West
Arm with treatment solids settling in what is now the South Arm and treated effluent discharged
to McCabe Lake through a concrete structure upstream of the current Dam B. Site improvements
since decommissioning are detailed in Table 3.24 and below.

As part of the Stanleigh mill reactivation in the early 1980’s, Dams 9, 10, R3 and R5 were
constructed north and west of the basin to reduce the TMA watershed from 22 km? to 13.32 km?
and divert freshwater away from the TMA. Five low-permeability engineered structures were
constructed at bedrock lows around the basin to form the 370-ha TMA. During the second
operating period, an additional 12.8 million tonnes of tailings and waste rock were deposited in
the basin, predominantly in the West Arm but also in the North Arm during later operating years.

An ETP was built at the TMA outlet in 1981 to treat effluent during operations. Effluent from the
Stanleigh TMA was treated and then discharged into McCabe Lake until 1998/1999 when, as part
of the decommissioning of the Stanleigh Mine, the five perimeter dams were raised to allow
flooding of the basin between 1998 and 2002. During this time, no treated effluent was discharged
but the basin was neutralized by lime slurry addition to minimize acidity and metal concentrations.

Once treated effluent discharge resumed in 2003, water from the flooded TMA basin was
siphoned over Dam B, and treated in the ETP prior to being released to McCabe Lake. The ETP
operated for four to seven months per year depending upon the amount of snow and rainfall
received. In 2007, the complex sand filtration treatment plant was replaced with a relatively simple
conventional system similar to those used at all the other Rio Algom TMAs (e.g., Quirke, Panel,
Nordic and Pronto). The new treatment system incorporates a Settling Pond for removal of solids
created through the construction of the Settling Pond Dam downstream of the ETP.

Within the TMA, surface water and groundwater are monitored under the TOMP and the locations,
substances and frequency monitored are specific to the station type (Table 3.25). Data from the
Stanleigh TOMP stations are summarized in the following sections and presented in Appendix C
(Appendix Tables C.6.2- C.6.5).
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Table 3.24: Stanleigh TMA site improvement undertakings since closure.

Year Action Rationale for Action
Dams A1 and C newly constructed, Dam B Submerge t.al!mgs. Wlt.h minimum 1.5 m water
1998 : cover to inhibit oxidation and upgrade flood
replaced, and Dam A raised. . )
retention capacity.
1998 - 2001 [Seasonal addition of in-situ lime slurry. \I,cgtrsrzse pH and reduce metals in surface
Replaced existing sand filtration treatment plant
with smaller gravity flow structure (new ETP) and
2007 gg:ztructed Settling Pond Dam for new settling Enable long-term, off-grid, robust treatment.
Raised TMA spillway by two feet to final elevation
of 1207 feet.
Installed' log boom upstream of Settling Pond Prevent debris from entering spillway.
Dam Spillway.
2008 Replaced culvert at southwest corner of TMA on |Improve drainage and clearing of beaver debris
Dam E access road with drive-through ditch. and prevent ponding of water against Dam 8.
2012 Replaced flow monitoring weir at SR-05. Achieve more accurate flow measurements.
Remote Monitoring Network communications and Alian remote monitoring aporoach across sites
2013 centralized supervisory control and data 9 9app

acquisition system standardized and replaced.

and improve reliability.




Table 3.25: Cycle 4 approved TOMP monitoring stations, substances, and frequencies® at Stanleigh TMA.

Parameters and Frequencies®

e o8 S s
5 2 T %E _gE 2
2 © E 65 EZTS 2
TOMP g 3 s = g2 252 g T c =
Stations Station Type/Purpose ﬁ E :E_ u=> & | 8 8 S 8 |<2 2 § 3:)
Basin performance
CL-04° (primary), ETP w D M Q M M M Q Q
operations
CL-05° ETP Operations D
CL-06° Effluent we w M w w M°
SGW-3,
SGW.5* Groundwater A A A A

@D - Work days, W - Weekly, M - Monthly, S - Semi-annually, A - Annually, Q-Quarterly
® Proposed SAMP metals are barium, cobalt, iron, manganese, and uranium.
° Monitoring requirement of SAMP.
4 Relocated to Settling Pond Dam.

¢ Sampled when treatment plant is operating.
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3.6.2 Water Management

Water levels within the flooded basin were consistently between the minimum and maximum
operating levels from 2010 to 2014 (Figure 3.26).

3.6.3 Basin Surface Water Quality

Surface water quality is monitored at three stations within the TMA: the ETP Influent (CL-04) a
pH probe in the ETP (CL-05), and the final effluent (CL-06; Figure 3.25). Concentrations of
radium-226, sulphate, and uranium have decreased and pH has increased to near neutral since
basin flooding at ETP influent station CL-04 (Figure 3.27). Concentrations of sulphate and
uranium are achieving 2012 predictions and radium-226 concentrations are near predicted values
(Rio Algom 1995; Figure 3.27).

Surface water trends (2003-2014) indicate improvement based on significant reductions in
barium, cobalt, manganese, radium-226, sulphate, and uranium in ETP influent (CL-04;
Table 3.26; Appendix Figure C.6.1). The previous SOE report (Minnow 2011) showed increasing
radium-226 concentrations within the TMA since 2004 which was assumed to be associated with
a decrease in sulphate concentrations within the basin. With the addition of data from the current
cycle (2010 to 2014), radium-226 concentrations were found to be decreasing despite lowering
sulphate concentrations. This may be associated with the 2008 operating change to raise the
lower operating elevation, thus decreasing fluctuations in basin water elevations, or it may be due
to a general depletion of barium sulphate minerals, relative to other sulphate minerals. Influent
pH achieves discharge criteria, however, basin water still requires treatment to achieve the
discharge criterion for radium-226 (Appendix Table C.6.1).

3.6.4 Groundwater Quality

Two locations (wells) are sampled annually for acidity, pH, iron, and sulphate: down-gradient of
Dam A (SGW-3) and down-gradient of Dam B (SGW-5; Figure 3.25). Groundwater quality down
gradient of Dam A (towards Sheriff Creek) has improved over the 1999 to 2014 period, with
significant decreases in acidity, iron and sulphate concentrations and increases in pH (Table 3.27;
Appendix Figure C.6.2). The groundwater monitoring station downstream of Dam B had
insufficient data to perform trend analysis, as sampling at this station commenced in 2010.
However, a review of the concentration data for this well indicates that measured groundwater
quality is very good with pH and metal concentrations achieving surface water criteria and acidity
below detection (Appendix Table C.6.5).
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Figure 3.27: Water quality at the Stanleigh TMA ETP



Table 3.26: Summary of water quality trends® for TOMP monitoring stations, Stanleigh TMA, 2003 to 2014.

Acidity | Barium

Stati Number of
éll[;O“ Type/Location | Months Used in
Common Trend”
CL-04 Treatment Plant 21010 0.183
Influent

-decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

Cobalt

Iron

Manganese

pH

Radium-226 | Sulphate | Uranium

"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).
@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.6.6.

® Months used varied for substances based on suitability of data for trend analysis.



Table 3.27: Summary of water quality trends®” in TOMP groundwater in Stanleigh TMA, 1999 to 2014.

Location Station Depth (m) Dates Acidity® Iron pH Sulphate
Downgradient Dam A SGW-3 6.04 1999-2014 0.976
Downgradient Dam B SGW-5 12.09 2010-2014 - - -

-decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).
@ Due to a change in analytical technique for acidity in 2006, trends were assessed from 2007-2014.

® Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.6.7.
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3.6.5 Treatment Performance

Treatment of basin surface water at the ETP includes both lime and barium chloride additions to
reduce acidity and radium-226, respectively. Treatment volume and total reagent use fluctuated
between years, but were higher in 2013 and 2014 (Figure 3.28). Barium chloride consumption
rates have increased in recent years, associated with reduced treatment efficiencies at lower
radium-226 and sulphate concentrations. However, consumption rates remain within the design
range based on the Panel ETP which has similar influent. Lime consumption rates have remained
stable despite increased volumes treated (Figure 3.28).

Following treatment, effluent quality is monitored at the settling pond outlet (CL-06), and over the
past five years effluent quality has achieved discharge criteria (Figure 3.29; Appendix
Table C.6.1). While one individual radium-226 concentration exceeded the monthly average
discharge criterion in the fall of 2013, the value was well below the grab sample criterion of
1.11 Bg/L (Appendix Table D.6.1) and the monthly average remained below the compliance
criterion of 0.37 Bg/L. Since 2010, effluent has been consistently non-lethal to Daphnia magna
and rainbow trout, with no mortality reported in semi-annual acute toxicity tests (Table 3.28).
Reproduction of Ceriodaphnia dubia was not affected by exposure to 100% effluent in any of the
tests conducted over the past five years (Table 3.28).

3.6.6 Summary

Water levels within the flooded basin were consistently above the minimum operating level from
2010to 2014. In-basin surface water quality has been improving over time and generally achieves
EIS predictions (i.e., the TMA is performing as anticipated). Over the past twelve years
(2003-2014) surface water has continued to improve with significant reductions in barium, cobalt,
manganese, radium-226, sulphate, and uranium in the ETP influent. Groundwater conditions
have been improving down-gradient of Dam A since TMA decommissioning. Since 2010, effluent
quality consistently achieved discharge criteria and all tests to Daphnia magna, rainbow trout, and
Ceriodaphnia dubia were non-toxic. Overall, the Stanleigh TMA is performing well.

3.7  Milliken TMA
3.7.1 Basin History and Modifications

The Milliken TMA is located 2 km northeast of the City of Elliot Lake and south of the Milliken
Mine Road in an area locally referred to as the Sheriff Creek Sanctuary (Figure 3.30). The Milliken
mine and mill operated from 1958 to 1964 and directed 5.7 million tonnes of tailings to the
Stanleigh TMA. During this operating period, an estimated 76,500 tonnes of tailings were
released to Sheriff Creek in a 17 hectare area later rehabilitated to form the Milliken TMA.
Remediation took place in the late 1970s by placing three feet of sandy gravel fill over a portion

_/"'_“"'---._
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Figure 3.29: Effluent concentrations versus monthly average discharge criteria at Stanleigh
TMA effluent station CL-06.



Table 3.28: Toxicity test results for samples collected at Stanleigh TMA station CL-06,

2010 - 2014.
Acute Toxicity Reproduction
Sample Date (% mortality) (Ic25% as % effluent)
(month-year)
Daphnia rainbow ) ] .
a b Ceriodaphnia dubia
magna trout
November-10 0 0 >100
June-11 0 0 -°
November-11 0 0 >100
May-12 0 0 >100
December-12 0 0 >100
May-13 0 0 >100
November-13 0 0 >100
May-14 0 0 >100
November-14 0 0 >100

@ Daphnia magna 48-hr LC50 test (Environment Canada 2000a).

® Rainbow trout 96-hr LC50 test (Environment Canada 2000b).

¢ Ceriodaphnia dubia survival and reproduction test (Environment Canada 2007).
4 Effluent concentration causing 25% inhibition relative to control organisms.

¢ Outlier removed due to laboratory error.
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of the tailings to form playing fields and flooding the remaining tailings to form a wetland.
Improvements to the Sheriff Creek Berm have been made several times during the past twenty
years (Table 3.29). The resulting Sheriff Creek Sanctuary is now an important wildlife habitat
area enjoyed by local naturalist groups.

Upstream of Sheriff Lake, Sheriff Creek receives drainage from a remediated tailings spill area
down-gradient of Stanleigh TMA Dam A. Until its closure in 1996, the Stanleigh mine influenced
the quality of water discharging from Penelope Lake, which drains into the north perimeter of the
Milliken TMA (Figure 3.30). Similarly, the re-habilitated Lacnor Mine site, (closed in 1960 and
rehabilitated in 1999), influences the quality of Lacnor Creek, which flows into the southeast
corner of the TMA (Figure 3.30).

One monitoring station (MPE) was retained at the Milliken TMA outlet under the SAMP to track
the combined inputs from all upstream sources and releases to the Serpent River Watershed
(Appendix Table D.6.1).

3.7.2 Surface Water Quality and Discharge

Surface water quality is monitored at the outlet of the Milliken TMA (MPE) and reflects conditions
within the TMA.

Effluent from the Milliken TMA discharges to a downstream wetland and joins the outflow from
Horne Lake before entering Elliot Lake. Water quality at MPE generally meets receiving water
criteria (see Section 4.3 for a discussion of discharge quality).

Since 2010, water samples collected at MPE have been non-toxic to both Daphnia magna and
rainbow trout, with no mortality reported in semi-annual acute toxicity tests (Table 3.30). Similarly,
reproduction of Ceriodaphnia dubia were not affected by exposure to 100% effluent, with the
exception of one sample in May 2012 (Table 3.30).

3.8 Lacnor and Nordic TMAs
3.8.1 Basin History and Modifications

Lacnor TMA

The Lacnor TMA is located approximately 7 km east of the City of Elliot Lake and immediately
north of the Nordic TMA. The Lacnor Mine operated from 1957 to 1960 and milled approximately
2.7 million tonnes of ore. The resulting tailings were deposited in a natural valley 2 km east of
the mill/mine and are contained by two pervious waste rock dams (Figure 3.31). The Lacnor TMA
covers an area of 27 ha and has a watershed of 100 ha.
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Table 3.29: Milliken TMA site improvement undertakings since closure.

Year Action Rationale for Action
1996 Sheriff Creek Berm riprap addition. Prelver?t erosion of thg berm attributed to water
periodically overtopping the berm.
Sheriff Creek Berm raised by 0.5 m, regraded Improve storm retention capacity and long-term
2005 . . " . o
with application of additional riprap. stability.
2007 Sherl|ff Creek Berm foundation investigated and Confirm stability meets current standards.
stability assessed.
Sheriff Lake Berm and Sheriff Lake Dam south
2010 abutment elevation restored to 1.6 m above Conform with flood routing design.
Sheriff Lake Dam invert.
Confirm spillway invert is at design elevation;
2014 Sheriff Creek Berm spillway surveyed and beaver |establish reference benchmark for on-going

deceiver installed.

monitoring and reduce beaver debris
management.




Table 3.30: Toxicity test results from samples collected at Milliken TMA station MPE,

2010 - 2014.
Acute Toxicity Reproduction
Sample Date (% mortality) (Ic25% as % effluent)
(month-year)
Daphnia rainbow ) ) .
a b Ceriodaphnia dubia
magna trout
May-10 0 0 >100
November-10 0 0 >100
May-11 0 0 >100
November-11 0 0 >100
May-12 0 0 3
November-12 0 0 >100
May-13 0 0 >100
November-13 0 0 >100
May-14 0 0 >100
November-14 0 0 >100

@ Daphnia magna 48-hr LC50 test (Environment Canada 2000a).

® Rainbow trout 96-hr LC50 test (Environment Canada 2000b).

¢ Ceriodaphnia dubia survival and reproduction test (Environment Canada 2007).
4 Effluent concentration causing 25% inhibition relative to control organisms.
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Following mine closure in 1960, decommissioning of the Lacnor TMA commenced, with re-
vegetation efforts during the 1970s being a major component of the decommissioning plan
(Table 3.31). However, much of the seeding and planting on bare tailings failed over time due to
acidic conditions (Rio Algom 2000). In 1998 and 1999, an engineered cover was placed over the
tailings (Table 3.31), which consisted of a layer of blast rock to form a capillary break and a layer
of till at surface to serve as a growth medium. Limestone (200 kg/ha) was applied below the
capillary break and fertilizer (500 kg/ha of 15-15-15) was applied prior to seeding. The cover
areas were re-vegetated in 1999 through seeding of grasses and legumes and isolated tree
plantings. Permanent rock channels were also installed to prevent erosion.

Seepage and runoff from the Lacnor TMA are collected in a holding pond at the east end of the
TMA prior to discharge through a spillway to the Nordic Main TMA (Figure 3.31). Station L-03
monitors releases from the Lacnor TMA to the Nordic TMA (Table 3.32).

Nordic TMA

The Nordic TMA is also located approximately 7 km east of the City of Elliot Lake, immediately
south of the Lacnor TMA. The Nordic Mine operated from 1957 to 1968 and the Nordic mill
produced approximately 12 million tonnes of tailings. Tailings were deposited to the Nordic TMA,
which is composed of two areas (Nordic Main and Nordic West Arm) with a total area of
approximately 107 hectares (Figure 3.31).

The Nordic TMA was re-vegetated in the late 1970’s (Rio Algom 2000). In 1998 and 1999, layers
of rock and till were placed in areas of the West Arm which exhibited poor drainage and were
prone to erosion, and thus tended to have relatively poor vegetative cover. These areas have
been successfully re-vegetated. Seepage and runoff from Nordic Main are collected in a
perimeter Effluent Collection Ditch (ECD) constructed in 1971. The ECD collects drainage from
the Lacnor TMA at the north perimeter of Nordic Main which flows around the Nordic TMA to the
Nordic ETP (located at the southwest corner of Nordic Main), for treatment prior to discharge into
the Nordic Settling Pond (Figure 3.31). The maijority of seepage and runoff from the Nordic West
Arm drains in an easterly direction and is directed by a series of ditches to the Nordic ETP for
treatment. The treatment plant, where lime is added to neutralize acidity and remove metals
(predominantly iron), was replaced in 1999. Treated effluent discharges to Buckles Creek and
subsequently Nordic Lake (Figure 3.31). Site improvements have been made since 1999, which
have primarily focused on stability of structures, management of flow and seepage interception
(Table 3.33).

Within the Lacnor and Nordic TMAs, surface water, porewater and groundwater are monitored
under the TOMP and the locations, substances and frequency monitored are specific to the
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Table 3.31:

Lacnor TMA site improvement undertakings since closure.

Year Action Rationale for Action
1970s |Original revegetation of tailings. Establish vegetation.
Dams A and B slopes regraded to 2H:1V with
incorporation of rockfill and toe berm. Upgrade containment and flow control structures
1998-1999 ; e
Lacnor Pond spillway capacity increased and to current standards.
concrete spillway installed.
1998-1999 Rockfill and till soil cover applied to east end of |Establish sustainable vegetative cover over
TMA and then seeded. poorly drained fine tailings.
Northeast comer of TMA maintenance, including Establish sustainable vegetative cover over
2007 application of additional rockfill and till soil cover

and deepening of drainage channel.

poorly drained fine tailings.




Table 3.32: Cycle 4 approved TOMP monitoring stations, substances, and frequencies' at Lacnor/Nordic TMA.

Parameters and Frequencies®
I 2
© o6 s
c & 25 @
[] h
2 s E 5§ > o
© < E HS = o
3 g = S g c n = c =
TOMP Stations Station Type/Purpose w ™ :E_ u=> & ] 8 f’-’ 2 g %
Basin performance d
L-03 (primary) M Q Q Q Q Q Q
Basin performance
N-17 (primary), ETP D M Q M M Q Q
operations
N-18 ETP operations D
N-19 Effluent W W M W W M
N-22 Basin performance ME S S S S S
(secondary)
) Basin performance d d d
ECA-132 (secondary) M M M S S S S
NWPH Basin performance M S S S S S
(secondary)
Basin performance
ECA-131, N-20 (secondary) Q Q Q Q Q
Basin performance d d d
CPW (secondary) M M M > > > S
Uw7-2,4,6; UW9-1,2,3 Porewater A A A A
M-12-1,3,6,9; M-13-1,3,6,9;
M-14-1,3,6,9; 95N-4A,B;
95N-7A,B; 95N-11; 95N-
12A.B: 95N-13A.C.E: 95N- Groundwater A A A A
14A,B,C; 95N-16A,C,E; 95N-
17A.B,C

@D - Work days, W - Weekly, M - Monthly, S - Semi-annually, A - Annually, Q-Quarterly
® SAMP metals are barium, cobalt, iron, manganese, and uranium.
¢ A one-time modelling exercise was recommended by Ecometrix to confirm flow conditions and potentially modify future GW monitoring under TOMP. In the meantime,

GW monitoring at Nordic will continue will cotinue at previously identified TOMP stations.
d During the snow-free period (April - November).
¢ Sampled when treatment plant is operating.



Table 3.33: Nordic-Buckles TMA site improvement undertakings since closure.

Year Action Rationale for Action
East and West Seepage Collection Berm Intercept West Arm seepage to Westner Lake
1989 : . ;
construction. and redirect to the Settling Pond.
1994 Effluent collection ditch lowered. Improve interception of talllngs porewater and
reduce groundwater contamination.
West Arm application of rockfill and till cover Establish sustainable vegetative cover over
1995 - 1994 . . : .
followed by seeding. poorly drained fine tailings.
Settling Pond spillway excavated from bedrock Enable Igwenng O.f Efﬂ“er.‘F Collection Ditch to
1997 improve interception of tailings porewater and
and lowered. 99 F
reduce groundwater contamination.
North perimeter ditch deepened and levelled;
Dam F spillway upgraded and flow control weir
installed. Upgrade containment and flow control structures
Effluent Collection Ditch lowered along south to current standards.
1998 . o . : .
perimeter of facility. Improve interception of tailings porewater and
Dam B breached, Dam A raised with slopes reduce groundwater contamination.
regraded to 2H:1V with incorporation of rockfill
and addition of emergency spillway.
Dams C, D, E, F and Settling Pond Berm slopes .
i . ) i Upgrade containment and flow control structures
regraded 2H:1V with incorporation of rockfill and
i . to current standards.
1999 addition of toe berm where applicable.
Improve treatment reliability and incorporate
Treatment plant replaced. instrumentation to enable remote monitoring and
operation.
2002 24" culvert placed in the ground near collection [Act as a well for installation of submersible water
ditch. pump.
Coffer berm constructed downstream of East . . .
. Facilitate removal of a small tailings spill.
2004 Collection Pond.
Engineered dam constructed at outlet of Westner |Replace the beaver dam that had been washed
Lake. out to maintain lake water levels.
Buckles Creek Diversion Channel berm grade
restored and erosion protection added along 1.4 |Stabilize water table in Buckles Wetland and
km section. Historic Precipitate Pond to reduce loadings to
Historic Precipitate Pond Berm grade restored Buckles Creek.
and erosion protection added.
2005 100 m®of tailings and lake bed sediments Remove exposed tailings from lake bottom
removed from east end of Westner Lake to west |discovered after beaver dam breach in fall of
end of Nordic Settling Pond. 2003.
Nordic Settling Pond dredged - sludge off eastern
shore of Settling Pond in immediate vicinity of Prevent sludge build-up near ETP and improve
treatment plant relocated to west end of Settling [settling capacity.
Pond.
Buckles Creek stream bed raised at Nordic Mine Reuse water elevgtlon "? Buckles Creek and
2006 increase hydraulic gradient towards Effluent
Road. . .
Collection Ditch.
2007 N-19 weir replaced using sulphate resistant Improve longevity of control structure.
concrete.
Minor earthworks completed in vicinity of Enhance access and storm water routing, and
2008 P y minimize amount of sand and gravel washing into

pumphouses.

collection ponds.
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Table 3.33: Nordic-Buckles TMA site improvement undertakings since closure.

Year Action Rationale for Action
East and West Seepage Collection Pond, Coffer |Improve West Arm flood conveyance to manage
Pond and Pond A pumping and piping to Settling |a 1 in 100 year return, and 15-day rain-on-snow
Pond upgraded. design hydrological event.
2009 Widening of crest of Buckles Creek Wetland
retention berm and placement of additional rip Improved stability.
rap protection on upstream face.
Installation of a gate at the Buckles Diversion Improve access to the N-19 final discharge point
Channel access trail. during periods of snow cover.
Ryan Lake Outlet Structure replaced with an
engineered structure.
Precipitate Pond Berm design elevation restored .
e . . Improve flood conveyance and stability of
2012 with incorporation of rockfill. . )
. . o Buckles Creek Diversion.
Restore design elevation and applied rip rap to
Buckles Creek Emergency Spillway and Buckles
Creek Control Spillway.
Remote Monitoring Network communications and| , . I .
. ° Align remote monitoring approach across sites
2013 centralized supervisory control and data . L
- . and improve reliability.
acquisition system standardized and replaced.
Trea.trnent plant pH control sampling system Improve remote control of plant lime addition.
modified.
2014 Confirm spillway invert is at design elevation;

Buckles Wetland spillway surveyed.

establish reference benchmark for on-going
monitoring.
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station type (Table 3.32). Data from the Lacnor and Nordic TOMP stations are summarized in
the following sections and presented in Appendix C (Appendix Tables C.7.2- C.7.24).

3.8.2 Water Management

Water levels at the Lacnor pond were above the spillway invert over most of the 2010 to 2014
period, with only two measurements below the invert level (Figure 3.32). Water levels in the coffer
pond have generally been below the maximum operating level, and above the normal operating
levels (Figure 3.32). Pumping occurs from the coffer pond when water levels are above the
normal operating level (334.5 masl).

3.8.3 Basin Surface Water Quality

Surface water quality at the Lacnor/Nordic TMA is monitored at a number of stations to assess
conditions associated with the various tailings deposits (Figure 3.31). Since 2003, sulphate and
iron concentrations at L-03 (Lacnor outlet) have decreased significantly (Table 3.34; Appendix
Figure C.7.1). Currently surface water quality in the Lacnor Pond is acidic (pH < 3.5) with elevated
iron (> 20 mg/L; Appendix Table C.7.4).

Surface water pH associated with the East Seepage Collection Pond (N-22) significantly
increased between 2003 and 2014 (Table 3.34), though measurements remain acidic (pH 3;
Appendix Figure C.7.4). At Nordic Pond A (ECA-132), pH has significantly decreased over the
same period, however pH remains near neutral (Table 3.34, Appendix Figure C.7.6).

Decreasing concentrations of acidity, cobalt, radium-226, and sulphate and increasing pH
upstream of the Buckles Creek wetland (ECA-131; Table 3.34, Appendix Figure C.7.5) are
associated with: 1) remediation work conducted in 2005 to isolate the Wetland and Historic
Precipitate Pond from the Diversion Channel, and 2) streambed modifications completed in 2006
which restored groundwater gradients towards the ECD and away from Buckles Creek. No trends
were found at Buckles Creek upstream of the Nordic Plume (N-20, Table 3.34). At the Coffer
Pond West station (CPW), radium-226 and sulphate have significantly decreased (Table 3.34,
Appendix Figure C.7.7). Since 2003, water quality in the TMA influent (N-17) has significantly
improved with decreasing concentrations of acidity, manganese, and uranium (Table 3.34;
Appendix Figure C.7.2). Similarly, ETP effluent (N-19) has also improved over the past twelve
years with significant decreases in manganese, radium-226, sulphate, and pH, though barium
concentrations have increased over the same period (Table 3.34, Appendix Figure C.7.3).

3.8.4 Porewater

Porewater is monitored annually for acidity, pH, iron, and sulphate at two locations (north and
south) in the west arm of the Nordic TMA (UW7 and UW9; Figure 3.31). Since 1993, iron has
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Table 3.34: Summary of water quality trends® for TOMP monitoring stations, Lacnor/Nordic TMA, 2003 to 2014.

-decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05

Number of
Months Used
Station ID Type/Location _on s Use Acidity | Barium | Cobalt Manganese Radium-226 | Sulphate | Uranium
in Common
Trend"®
L-03 Lacnor Tailings Discharge 1t03 -0.900 | -0.667 | -0.600
ECA-132  |Nordic Pond A upstream of 1t0 12 ND | -0.154 | 0.667
Westner seepage
West Arm Pump Discharge
N-22 (East Seepage Collection 1to 2 -0.282 | -0.894 | -0.500 | -0.500 -0.600 0.627 -0.313 -0.500 -0.300
Pond)
N-20 Buckles Creek Upstream of 3t08 ND | -0.085 | 0.052 |-0.339| -0.400 0.146 -0.044 -0.370 | -0.707
Nordic Plume
ECA-131 Buckles Creek at Mine Road 3to6 -0.539 -0.267
NWPH North West Pump House 2to12 ND -0.225 0.056 | -0.665
CPW Coffer Pond West 1t012 -0.707 -0.154 0.150 | 0.100
N-17 Treatment Plant Influent 41012 - 0.245 -0.338 | 0.000
N-19 Final Treated Effluent 12 - 0.240 -0.075 | -0.218

"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).

Italic text - mean monthly correlations significantly different, but common trend value provided.

Bold text - only one month was used in common trend analysis.

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.7.25 to C.7.33.

® Months used varied for substances based on suitability of data for trend analysis.
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been significantly decreasing at both porewater locations (Table 3.35). Iron concentrations at
UW7-4 (shallowest depth) have decreased from about 2,000 mg/L in 1993 to about 84 mg/L in
2014 (Appendix Figure C.7.9). Sulphate was found to be significantly decreasing at UW7-4 (5 m),
but was significantly increasing at UW9-3 (4 m) (Table 3.35; Appendix Figure C.7.8 and C.7.9).
Porewater pH at the north end of the West Arm (UW?7) has significantly increased in the deepest
well to near neutral and reflects a step change improvement following the upgrading of Dam A in
2000 (Table 3.35; Appendix Figure C.7.9).

3.8.5 Groundwater Quality

Groundwater quality is monitored annually at several locations down-gradient of the Nordic TMA
(Figure 3.31) to assess the effectiveness of measures to remediate the plume migrating south
from the Main Tailings Basin. Generally, groundwater quality has been improving over time with
decreasing concentrations of acidity, iron and sulphate and increasing pH at most locations where
trends were observed (Table 3.35). Groundwater iron concentrations have been significantly
decreasing at nearly all stations in the vicinity of the Nordic TMA, with the exception of two stations
towards the southeast corner of the TMA (95N-17 and 95N-14, Table 3.35, Appendix
Figures C.7.10 to C.7.20). Consistent with the decrease in iron concentrations, pH levels have
significantly increased in these same wells and are now near neutral along the southern perimeter
(Table 3.35; Appendix Figures C.7.13 to C.7.15). Similar improvements in sulphate
concentrations have been noted as well, which are likely associated with lower oxidation of tailings
(Table 3.35; Appendix Figures C.7.13 to C.7.15).

Remedial measures were undertaken down-gradient of the Nordic Main TMA and ECD to reduce
Nordic groundwater seepage to Buckles Creek. In 1994, the ECD was lowered and in 1997 the
Settling Pond was also lowered (0.6 m) to improve interception of porewater from the tailings and
reduce seepage to Buckles Creek located immediately east and south of the Nordic TMA. These
measures proved effective in improving groundwater quality down-gradient of the ECD, with
significant reductions in iron and commensurate increases in pH at most locations (Table 3.35;
Appendix Figures C.7.10 to C.7.12 and C.7.16 to C.7.20). At well 95N-12, however, pH
decreased significantly (Table 3.35; Appendix Figure C.7.16), though measurements remain near
neutral. Review of routine monitoring data including groundwater elevations and chemistry and
the chemistry in Buckles Creek indicated that the ECD has effectively been capturing seepage
from the TMA and shallow groundwater (EcoMetrix 2011c).

3.8.6 Treatment Performance

The ETP at Nordic uses lime to neutralize acidity and reduce metals (predominantly iron). Barium
chloride is not required at the Nordic ETP because radium-226 is co-precipitated with the iron
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Table 3.35: Summary of water quality trends®® in TOMP porewater and groundwater in Lacnor/Nordic TMA, 1993° to 2014.

Type Location Station Depth (m) Dates Acidity® Iron pH Sulphate
Uw7-4 5.14 1993-2014
Nordic west arm, porewater north UW7-2 8.23 1993-2014 ND 0.044 -0.091 0.496
Porewater UW7-6 16 1996-2014 ND -0.409 0.64 0.197
Uwo-3 4.27 1993-2014 0.214 0.356 -0.438 0.67
Nordic west arm, porewater south uUwo-2 6.4 1993-2014 -0.491 0.266 -0.292
UW9-1 8.53 1993-2014 -0.548 0.343 -0.471
Downgradient of ECD at northeast corner Nordic 95N-7B 3.69 1995-2014 0.548 -0.462 0.421
main 95N-7A 7.72 1995-2014 -0.554 -0.33 -0.243
. . . 95N-17C 3.49 1995-2014 ND 0.28 -0.03 0.155
ac;\i/\r/]ngradlent of ECD at east perimeter Nordic 95N-17B 8.09 1995-2014 ND DG 010
95N-17A 12.68 1995-2014 ND 0.546 0.143
. . 95N-14C 3.49 1995-2014 ND 0.372 -0.083 -0.303
E}(;\i/\;ngradlent of ECD at southeast corner Nordic 95N-14B 76 1995-2014 ND e 0287 0.282
95N-14A 11.39 1995-2014 ND 0.417
95N-13E 2.82 1995-2014
Upgradient of ECD at head Nordic plume 95N-13C 9.61 1995-2014
95N-13A 15.36 1995-2014
. . 95N-16E 3.86 1995-2014
ﬂ;;gi]r:adlent of ECD at southeast corner Nordic 95N-16C 1103 19952014
95N-16A 18.21 1995-2014
Upgradient of ECD at south perimeter Nordic 95N-4B 5.31 1995-2014
Groundwater|main 95N-4A 9.91 1995-2014 -0.073
Downgradient of ECD, south of M-14; adjacentto | 95N-12B 3.67 1995-2014
ECA-131 95N-12A 6.87 1995-2014
Downgradient of ECD, south of 95N-12 95N-11 4.34 1995-2014 -0.255
M-12-9 25 1994-2014 0.904
. M-12-6 5.49 1993-2014 0.877
Downgradient of ECD south of 95N-13 M-12-3 6.54 1993-2014 e
M-12-1 13.41 1993-2014 0842 | 0193 |
M-13-9 2.04 1993-2014 0.389
. M-13-6 5.46 1993-2014 0.781
Downgradient of ECD south of M-12 M-13-3 6.43 1993-2014
M-13-1 11.46 1994-2014 0.598
M-14-9 1.8 1998-2014 0.638
Downgradient of ECD south of M-13; west of M-14-6 3.84 1998-2014 0.402
historic precipitate pond M-14-1 8.75 1998-2014 0.484
M-14-3 12.83 1998-2014

- decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05
ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
? Due to a change in analytical technique for acidity in 2008, trends were assessed from 2007-2014.
® Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.7.34 to C.7.35.
° This is the earliest year included in the trend analysis, but not all stations have data going back to 1993.
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hydroxides formed by lime addition and treatment plant influent (N-17) has met radium-226
discharge criteria. Total annual lime consumption has remained relatively stable over past five
years, with some fluctuation in consumption rates (Figure 3.33).

Following treatment, effluent quality is monitored at the outlet of the Nordic Settling Pond (N-19).
Over the past five years effluent quality has consistently achieved discharge criteria, with the
exception of one pH measurement in 2012 (Figure 3.34; Appendix Table C.7.1). Effluent has also
been consistently non-lethal to Daphnia magna and rainbow trout, with only one low-mortality
event reported for rainbow trout in semi-annual acute toxicity tests (Table 3.36). Similarly,
reproduction of Ceriodaphnia dubia was not affected by exposure to 100% effluent in all but one
test conducted over the past five years (Table 3.36).

3.8.7 Summary

Surface water quality has improved in all areas of the Lacnor/Nordic TMA with decreasing
concentrations observed for acidity, cobalt, manganese, radium-226 and sulphate and pH
generally approaching near-neutral at various sites. The improvements are the result of remedial
measures implemented at the TMA and presumed lower oxidation rates within the tailings.
Porewater associated with the Nordic West Arm has generally been stable or improved, as
indicated by decreasing iron and sulphate concentrations and increasing pH levels, although
sulphate is increasing at UW9. Groundwater down-gradient of the Nordic Main Basin has also
significantly improved, reflecting remediation efforts in the ECD and settling pond and lower
oxidation rates within the tailings. In the past five, years treated effluent consistently achieved
discharge criteria and nearly all acute toxicity tests on Daphnia magna, rainbow trout and
Ceriodaphnia dubia were non-toxic. Overall, the Lacnor/Nordic TMA is performing well and
conditions are improving over time.

3.9 Pronto TMA
3.9.1 Basin History and Modifications

The Pronto TMA is located on the north side of Highway 17, approximately 10 km east of Blind
River. The Pronto Mine operated from 1955 to 1960 and, over that period, the Pronto mill
processed approximately 2.1 million tonnes of uranium ore. In 1960, the mill was converted to
process copper ore from an adjacent mine and, from 1960 to 1970, produced approximately 2
million tonnes of copper tailings. In 2009, approximately 33,000 tonnes of rock fill from adjacent
residential properties were relocated to the Pronto TMA. The vegetated tailings are located in a
47-hectare natural rock basin contained by Dam A, constructed of a glacial till core with a waste
rock shell (Figure 3.35).
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Table 3.36: Toxicity test results from samples collected at Lacnhor/Nordic TMA station N-12,

2010 - 2014.
Acute Toxicity Reproduction
Sample Date (% mortality) (Ic25% as % effluent)
(month-year) . .
Daphnia rainbow ) ] .
a b Ceriodaphnia dubia
magna trout
May-10 0 0 >100
November-10 0 0 >100
June-11 0 0 -°
October-11 0 0 >100
May-12 0 0 39
November-12 0 10 >100
May-13 0 0 >100
November-13 0 0 >100
June-14 0 0 >100
November-14 0 0 >100

@ Daphnia magna 48-hr LC50 test (Environment Canada 2000a).

P Rainbow trout 96-hr LC50 test (Environment Canada 2000b).

¢ Ceriodaphnia dubia survival and reproduction test (Environment Canada 2007).
4 Effluent concentration causing 25% inhibition relative to control organisms.

€ Outlier removed due to laboratory error.
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A high water table (close to the surface) at the Pronto TMA, serves to reduce acid generation (Rio
Algom 2000). However, in the eastern portion of the TMA, the saturation extended to surface
which precluded traditional direct liming and seeding and as such a successful vegetative cover
could not be maintained. Modifications were made to the TMA from 1999 to 2001 (Table 3.37),
which have been effective in maintaining a 100% vegetative cover. Other site improvements have
been made since 2001 to manage on-site flow, stability, vegetative cover, and effluent treatment
(Table 3.37).

Within the TMA, surface water is monitored under the TOMP and the locations, substances and
frequency monitored are specific to the station type (Table 3.38) Data from the Pronto TOMP
stations are summarized in the following sections and presented in Appendix C (Appendix
Tables C.8.2 — C.8.4).

3.9.2 Water Elevations

Operating elevations in the Holding Pond were established to ensure adequate storage capacity
to contain and treat the “Timmins Storm” (193 mm in 12 hrs; elevation 196.5 m), and also provide
adequate water cover to prevent freeze-up of the influent pipe (elevation 197.7 m). The water
levels within the Holding Pond at the Pronto TMA are monitored regularly at PR-02 and have been
maintained within the operating limits during routine operations (Figure 3.36).

3.9.3 Basin Surface Water Quality

Surface water quality at the Pronto TMA is monitored at three stations to assess conditions
downstream of the tailings deposition area (Figure 3.35). Over the past twenty years,
concentrations of radium-226 and pH levels have remained relatively stable at station PR-02,
while some reduction in sulphate was observed in the past ten years, and, more recently, some
reduction in uranium (Figure 3.37). Over the 2003 to 2014 period, there have been significant
reductions in surface water at PR-02 for acidity and uranium concentrations and a significant
increase in pH levels, although pH levels remain low (pH 3; Table 3.39; Appendix Figure C.8.1).
Concentrations of barium, sulphate, and uranium have been decreasing in treated effluent, while
iron concentrations have been increasing and pH has been decreasing (Table 3.39, Appendix
Figure C.8.2).

3.9.4 Treatment Performance

Treatment at the ETP has included both lime and barium chloride to reduce acidity and
radium-226, respectively. However, since 2009, barium has not been used in the treatment
process because co-precipitation with lime was sufficient to reduce radium-226 levels to less than
the discharge criterion. The lime consumption rate has decreased over the 5 year period, while
total usage has remained stable and total volume treated has increased (Figure 3.38).

_/"'_“"'---._
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Table 3.37: Pronto TMA site improvement undertakings since closure.

Year Action Rationale for Action
Increase Settling Pond retention time and
Dam D raised and a stop-log structure installed. [provide contingency to stop discharge during
1997 upset conditions.
Improve treatment reliability and incorporate
New treatment facility constructed. instrumentation to enable remote monitoring and
operation.
Dam A slope regraded to 2H:1V with
incorporation of rockfill and toe berm.
Causeway Dam upgraded.
Dam F raised to elevation 193.0 m and toe berm .
added Upgrade containment and flow control structures
1998 - 1999 : . to current standards. Improve Settling Pond
West and East spillways upgraded. capacit
Freshwater Diversion Dam constructed. pacty.
Dredging of settling pond with sludge being
deposited via slurry line to central area of
collection basin.
East arm vegetation improvement consisting of 6
tonnes/ha of limestone and 500 kg/ha of fertilizer |Establish sustainable vegetative cover over
1999-2001 . . . ) .
applied to bare areas, with 30 cm depth of poorly drained fine tailings.
biosolids (paper mill sludge).
Reduce seepage observed in August 2006 and
Dam F raised to crest elevation of 193.7 m, and !ncrease storage capamty of dgwnstream pond to
- L improve containment during failure of upstream
2007 inclined seepage barrier installed upstream. . , ,
. . Causeway Dam, in conformance with Canadian
Restore Dam E Spillway elevation to 191.3. . e
Dam Safety hazard potential classification
methodology.
Saddle berm constructed north of the Fresh Close off topqgraph ic low Iogatec{ porth of
Water Diversion Berm Freshwater Diversion Berm identified in 2008
2009 ' Dam Safety Inspection.
Lime reject pile toe covered with coarse rockfill |Establish sustainable vegetative cover over
and soil cover. poorly drained fine lime rejects.
. . To collect and drain seepage water across berm
Excavation of shallow swale along toe of lime S
reject pile toe and bring it over to the treatment plant head-
2012 ' pond for treatment.
Modification to logic programming for lime pump |Ensure ETP shuts down as required, on
operation. command and in response to pH alarm.
Remote Monitoring Network communications . o .
. . Align remote monitoring approach across sites
2013 and centralized supervisory control and data . L
. : and improve reliability.
acquisition system standardized and replaced.
Confirm spillway invert is at design elevation;
2014 Dam E spillway survey. establish reference benchmark for on-going

monitoring and beaver debris management.




Table 3.38: Cycle 4 approved TOMP monitoring stations, substances, and frequencies® at Pronto TMA.

Parameters and Frequencies®

e 065 S 3
N C = =1 8
c ° N Z a ° =% [T}
S 3 £ sE g32§ z n
TOMP S 2 s = @2 252 = e =
Stations | Station Type/Purpose ﬁ E :5. u=> & | 8 8 5 8 |<£ 2 § 3:)
Basin performance
PR-02° (primary), ETP W D M Q M M M Q Q
operations
PR-03° ETP operations D
PR-04° Effluent W M W w M

@D - Work days, W - Weekly, M - Monthly, S - Semi-annually, A - Annually, Q-Quarterly
® SAMP metals are barium, cobalt, iron, manganese, and uranium.
¢ Sampled when treatment plant is operating.
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Figure 3.36: Water level at PR-02 relative to minimum operating elevation, 2010-2014.
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Figure 3.37: Water quality at the influent (PR-02) of the Pronto TMA treatment plant.



Table 3.39: Summary of water quality trends® for TOMP monitoring stations, Pronto TMA, 2003 to 2014.

. Number of
Stalgon Type/Location Months Used in | Acidity | Barium | Cobalt | Iron | Manganese pH Radium-226 | Sulphate | Uranium
Common Trend"”
PR-02 Treatment Plant Influent 1t08 -0.365 - 0.571 -0.175
PR-04 Final Treated Effluent 3to8 0.001 0.700 -0.045

-decreasing trend, significant at p<0.05
increasing trend, significant at p<0.05
"-" denotes that this parameter was not included in the trend analysis for that particular station due to insufficient data (e.g. there were <5 years worth of data for that parameter).
Bold text - only one month was used in common trend analysis.
@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table C.8.5 to C.8.6.
® Months used varied for substances based on suitability of data for trend analysis.
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Following treatment, effluent quality is monitored at the outlet the Settling Pond (PR-04) and over
the past five years effluent quality has consistently achieved discharge criteria (Figure 3.39;
Appendix Table C.8.1). Effluent has been consistently non-lethal to Daphnia magna and rainbow
trout, with no mortality reported in semi-annual acute toxicity tests (Table 3.40). Similarly,
reproduction of Ceriodaphnia dubia was not affected by exposure to 100% effluent in any tests
conducted over the past five years (Table 3.40).

3.9.5 Summary

Water levels within the Holding Pond have been maintained above the minimum operating levels.
Surface water quality has had decreasing acidity and uranium concentrations and increasing pH
levels. Inthe past five years, treated effluent consistently achieved discharge criteria and all acute
toxicity tests on Daphnia magna, rainbow trout, and Ceriodaphnia dubia were non-toxic.
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Figure 3.39: Effluent concentrations versus monthly average discharge criteria at Pronto TMA station PR-04.



Table 3.40: Toxicity test results from samples collected at Pronto TMA station PR-01,

2010 - 2014.
Acute Toxicity Reproduction
Sample Date (% mortality) (IC25% as % effluent)
(month-year)
Daphnia rainbow ) ] e
a b Ceriodaphnia dubia
magna trout
March-10 0 0 >100
November-10 0 0 >100
April-11 0 0 >100
November-11 0 0 >100
April-12 0 0 >100
October-12 0 0 >100
May-13 0 0 >100
October-13 0 0 >100
May-14 0 0 >100
October-14 0 0 -

@ Daphnia magna 48-hr LC50 test (Environment Canada 2000a).

P Rainbow trout 96-hr LC50 test (Environment Canada 2000b).

¢ Ceriodaphnia dubia survival and reproduction test (Environment Canada 2007).
4 Effluent concentration causing 25% inhibition relative to control organisms.

€ Outlier removed due to laboratory error.
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4 SOURCES TO THE WATERSHED

Mine releases to the watershed, including effluent, seepage and site runoff are captured through
the Source Area Monitoring Program (SAMP; Table 4.1). Data for each discharge are presented
in Appendix D. Results are discussed below on a sub-watershed basis so that mine sources to
the watershed may be considered cumulatively. Concentrations within mine releases have been
compared to receiving water benchmarks* for the Serpent River Watershed (SRW). While mines
sources are generally not expected to achieve standards for receiving environment quality,
comparisons were made because in many instances mine effluents are at or approaching these
standards. Based on watershed area ratios, a minimum 10-fold dilution is expected downstream
of the mine discharges. Thus, a concentration of 10 times the appropriate receiving environment
criterion is a more relevant comparison for discharges and such values are also discussed as
appropriate. Trend analysis was conducted on SAMP data since the inception of the program
(2003 to 2014) to determine substances and locations reflecting statistically significant changes
in concentrations.

4.1 Quirke Lake Sub-watershed Sources

Within the Quirke Lake sub-watershed there are primary (effluent) and secondary
(seepage/runoff) discharges from three TMAs (Denison, Quirke and Panel; Figure 4.1) In
addition, seepage from the Stanrock TMA also discharges to Quirke Lake, resulting in four TMA
sources to the Quirke Lake sub-watershed. As part of the SRWMP, water quality is monitored
both upstream and downstream of these sources (Figure 4.1).

Discharge Quality and Loads

With few exceptions, mean mine discharge concentrations (2010-2014) of barium, cobalt, iron,
manganese, radium-226, sulphate, and uranium achieved SRW benchmarks or were less than
10 times benchmarks in mine sources (Figure 4.2). Concentrations of barium tended to be highest
in the primary discharges while concentrations of metals (cobalt, iron, manganese, and uranium)
and sulphate were highest and pH lowest in secondary discharges (seepages) (Figure 4.2). The
seepages with the highest concentrations (or lowest for pH) were ECA 398 (cobalt, uranium, and
pH), D-9 (cobalt, iron, manganese, and sulphate), D-16 (iron, manganese, and sulphate) and
Q-23 (pH) (Figure 4.2). While these concentrations were high, the associated loadings
contributed to the watershed were low compared to primary discharges and background
(upstream) loads (Figure 4.2).

4 The Serpent River Watershed benchmarks are based on the upper limit of background or applicable guidelines,
whichever is higher. See Section 2.4.1 for details.
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Table 4.1: Cycle 4 approved SAMP stations, parameters and frequencies.

Frequency®
-Q(D
A
TMA Location Type Description @ e g o
e ElE|a S
HHMEHHE
L | T |aln|E|0|F
D-2¢¢ Principal Stollery Lake Settling Pond Outlet Final Treated Effluent WIM[WIM[M|M|S
Denison D-3%¢ Principal TMA-2 Final Treated Effluent at Denison Mine access road WIMIW[M|[M|M
D-9 Seepage Seepage at Dam 17 Qla|jQ|jQajaj|a
D-16 Seepage Seepage at Dam 9 QlQa|jQ|lQ|Qj|aQ
ECA-398 Seepage Quirke Il north of access road Qla|jQ|jQajaQj|a
Q-22 Drainage  |Quirke Il Drainage south of access road QajQajalafaQ
Quirke Q-23 Drainage Swamp Outlet west of Dam K1 Qa|jQ|jQajaQj|a
Q-27 Seepage Dam J Toe Seepage QlQa|Q|Q|Q
Q-28%° Principal Final Treated Effluent WIMIW|IM[M|M]|S
P-02 Seepage Downstream of Dam B Qla|jQ|lQ|Qj|aQ
P-03 Drainage Beaver Pond C Outlet Qla|jQ|jQajaQj|a
Panel P-05 Drainage  [Swamp Outlet north of Dam E Qajafajla
P-11 Drainage Panel Creek Outlet at Quirke Lake Qa|jQ|jQajaQj|a
P-14%¢f9 Principal  |Final Treated Effluent WIM|{W[M|M|M|S
Stanrock DS-4 Principal Orient Lake Outlet Final Treated Effluent WIM[W[M[M[M|S
DS-16 Drainage  |Quirke Lake Delta QajQajalaQfa
Stanleigh CcL-06%¢ Principal Final Treated Effluent WIMI[WIM[M]|M|S
Milliken MPE Principal Milliken Park Effluent MIM|M|M|M]|S
Nordic WL-4 Seepage Seepage to Westner Lake from Coffer Pond QM|QfQ]|aQ
N-12 Principal Buckles Creek at Hwy. 108 MM M|M|M|M]|S
Pronto LL-01 Drainage Pronto Creek at Inlet to Lake Lauzon Qa|jQ|jQajaQj|a
PR-01 Principal Pronto Discharge Channel at Highway 17 MM M|M|M|M]|S
Reference SR-16 Reference |Fox Creek at Highway 108 Qla|jQ|jaQj|aQ
SR-17 Reference |Unnamed Creek from Lake Three at Highway 108 QlQ|Q|Q]|Q

@ W = weekly, M = monthly, Q = quarterly, S = semi-annually (twice per year).
® SAMP metals - barium, cobalt, iron, manganese, uranium.
¢ Toxicity includes: acute (Daphnia magna and rainbow trout) and sublethal (Ceriodaphnia dubia ) testing following Environment Canada (2000a,b and 2007) methods.
9 This station is also TOMP effluent station and requirements have been harmonized to serve both programs.

¢ Sampled when treatment plant is operating.
"P-14 will revert to P-36 upon ETP shut down.
9Flow is based on influent flow to the ETP at P-13.
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Figure 4.2: Mean concentrations and loads at monitoring stations upstream of Quirke Lake outlet, 2010-2014. Blue bars
represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at that station.
SRW benchmark (Table 2.8) is a receiving environment standard based on background or approved guidelines.
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Figure 4.2: Mean concentrations and loads at monitoring stations upstream of Quirke Lake outlet, 2010-2014. Blue bars
represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at that station.
SRW benchmark (Table 2.8) is a receiving environment standard based on background or approved guidelines.
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Figure 4.2: Mean concentrations and loads at monitoring stations upstream of Quirke Lake outlet, 2010-2014. Blue bars
represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at that station.
SRW benchmark (Table 2.8) is a receiving environment standard based on background or approved guidelines.

" The hardness of 76 mg/L represents the average of all TMA exposed stations. Hardness specific sulphate guidelines are provided for each station in Appendix Table E.33.
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In terms of the relative loadings among TMAs within the Quirke Lake sub-watershed, the Quirke
TMA tended to have the highest loading of most metals (cobalt, iron, manganese, and uranium)
and sulphate (Figure 4.2). Barium loads were slightly higher from the Panel TMA than the others,
while radium-226 loads were similar among TMAs (Figure 4.2). Barium loads have been
increasing over time at the Panel TMA (Figure 4.3), while loads at Quirke and Denison have
remained stable. Cobalt and manganese loadings from the Quirke TMA have been consistently
higher than other discharges to Quirke Lake, but have been decreasing over time (Figure 4.3).
Sulphate loadings have been stable at Quirke, Denison, and Panel TMAs over the last 10 years,
but have been consistently higher at the Quirke TMA (Figure 4.3). Uranium loads have been
decreasing at Quirke TMA over time, while uranium loads have been increasing at Denison TMA
over the same period (Figure 4.3). The Denison TMA-1 discharge (D-2) contributed the highest
proportion of the loading from the site for most substances, although station D-9 contributed large
portions of cobalt, manganese, and iron loads (Appendix Figure D.1.1). However, over the past
five years, the proportion of cobalt, iron, and manganese loading from station D-9 has decreased
(Appendix Figure D.1.1). Within the Quirke TMA, 60 to 95% of annual loads for all analytes were
associated with the primary discharge (Q-28, Appendix Figure D.2.1). At Panel, over 80% of the
barium and uranium loads were from the primary discharge (P-14), whereas other discharges
contributed large portions of the loads for other analytes, including P-05 (cobalt, iron, manganese,
sulphate) and P-03 (iron and radium-226) (Appendix Figure D.3.1).

As noted in the previous SOE report (Minnow 2011), the radium-226 load within the Serpent River
downstream of the Denison TMA discharge (D-5) was substantially greater than the loading from
the Denison TMA (Figure 4.2) or upstream watershed (D-4) suggesting a radium-226 source
within the river. This was attributed to settling and accumulation of historical treatment solids,
and subsequent release of radium-226 from the sediment to the water column (EcoMetrix 2011a).
Modelling indicated that radium-226 release from the sediment should decrease with time.

Loadings from all upstream mine sources do not result in concentrations in the receiving
environment that are above SRW benchmarks at SR-01 (Figure 4.2).

4.1.1 Source Trends

Cobalt, manganese, sulphate, radium-226 and uranium concentrations have decreased or been
stable over the past twelve years in all discharges to Quirke Lake, with the exception of one
Denison discharge station (D-3), where there was a small, albeit significant, increasing trend in
manganese (Table 4.2), however this trend may be due to outlier measurements in 2011 and
2014 (Appendix Figure D.1.3). Barium concentrations increased over time at each of the primary
discharge locations (D2, D-3, P-14 and Q-28; Table 4.2), largely due to greater barium chloride
use to maintain treatment efficiencies at lower influent sulphate concentrations.
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Figure 4.3: Annual loadings by TMA in Serpent River sub-watersheds (2005-2014).
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Table 4.2: Summary of water quality trends® for SAMP water quality monitoring stations in Denison, Quirke, Panel, and
Stanrock, 2003 to 2014.

Number of Months
TMA Station ID Type Used in Common | Barium | Cobalt Iron | Manganese pH Radium-226 | Sulphate TSS® Uranium
Trend®
D-2 Primary 12 0.465
Denison D-3 Primary 12 0.517 0.176 0.219 0.080 -0.166 ND
D-9 Seepage 4 0.422 0.629 -0.276 -0.158 - -0.087
D-16 Seepage 4 -0.220 -
ECA-398 | Seepage 6 0.723 -
Q-22 Drainage 4 -0.014 -
Quirke  |Q-23 Drainage 4 0203 | 0122 | 0.310 -
Q-27 Seepage 4 0.248 | 0.038 R
Q-28 Primary 12 0.202
P-02 Seepage 4 -0.274 0009 | -0230 | 0635 | -0.119 -
P-03 Drainage 4 m -0.241 0.031 -
Panel P-05 Drainage 4 -0.246 0.139 -0.010 -0.001 -0.005 - ND
P-11 Drainage 4 0.112 0.257 0.443 0.105 0.307 - ND
P-14 Primary 9 0.865 -0.206 0.094 -0.210
Stanrock [DS-16 Drainage 5t06 -0.002 - ND

_decreasing trend, significant at p<0.05

increasing trend, significant at p<0.05
Italic text - mean monthly correlations significantly different, but common trend value provided.
ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
"-" denotes that this station did not have a TSS TOMP requirement.
@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, ahoen in Appendix Table D.1.7-D.1.10, D.2.8-D.2.12, D.3.8-D.3.12, D.4.6.

® Months used varied for substances based on suitability of data for trend analysis.
°TSS is a TOMP requirement.



minnow environmental inc. Rio Algom Limited and Denison Mines Inc.
Project 2555 Serpent River Watershed State of the Environment — Cycle 4 (2010 — 2014)

Iron concentrations increased in the primary discharges at both the Denison (D-2 and D-3) and
Quirke (Q-28) TMAs from 2003 to 2014 (Table 4.2). Denison trends were influenced by data from
2008, which may have reflected shorter retention times (i.e., less settling of solids) in the settling
ponds under the combined condition of ice cover and higher winter and early spring flows
(Appendix Figure D.1.2 and D.1.3). For both TMAs, iron did not increase within the main basins
(D-1 and Q-05; Sections 3.1 and 3.2). Despite the increasing trends, mean iron concentrations
in effluent remained low (< background; Figure 4.2).

Discharge pH increased or remained stable at all discharge locations except for Quirke and
Denison primary discharge locations (Q-28, D-2 and D-3; Table 4.2). With the exception of Quirke
station ECA-298, pH at all discharges is near-neutral, or approaching neutral levels (Appendix
Figures D.1.2t0 D.1.5,D.2.2to D.2.6, D.3.2 to D.3.6), and pH achieves the discharge criteria and
PWQO (Figure 4.2).

At Stanrock station DS-16, trends have indicated improving water quality (decreasing metal
concentrations, Table 4.2), likely associated with the 2009 removal of tailings from a historical
tailings spill upstream of DS-16 and the construction of the Dam M Seepage Collection Pond and
pumping system to collect and pump seepage towards the Stanrock ETP via Dam G Seepage
Collection Pond (Appendix Figure D.4.3, Table 3.19).

4.2 May Lake Sub-watershed Sources

Within the May Lake sub-watershed there are two TMA’s: Stanrock, with a primary discharge to
Halfmoon Lake, and Stanleigh, with a primary discharge to McCabe Lake (Figure 4.4), with both
lakes draining to May Lake. There are no seepages from these TMAs that drain directly to the
May Lake sub-watershed. As part of the SRWMP, water quality is monitored at the outlet of
McCabe Lake (SR-06) and at the outlet of Halfmoon Lake DS-18, Figure 4.4).

4.2.1 Discharge Quality and Loads

Concentrations from the source discharges are generally very good (less than the SRW
benchmarks), with exception of barium at the Stanleigh discharge (CL-06) and sulphate at the
Stanrock TMA discharge (DS-4; Figure 4.5). Barium concentrations in the Stanleigh TMA effluent
(mean of 1.06 mg/L) are well below levels considered to be toxic to aquatic biota (>8 mg/L; WHO
2001; USEPA 2007). Similarly, sulphate concentrations in the Stanrock discharge (<400 mg/L)
are less than the SRWMP benchmark (BCMOE guideline; Appendix Table D.4.1). Generally,
concentrations in the immediate downstream receiving environment are less than the SRW
benchmarks, with the exception of iron in Halfmoon Lake (Figure 4.5).

Loadings of most substances monitored are higher from the Stanleigh TMA than from the
Stanrock TMA (Figure 4.5). Annual loadings of barium and radium-226 from the Stanleigh TMA
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Figure 4.5: Mean concentrations and loads at monitoring stations downstream of Stanrock and Stanleigh TMAs, 2010-2014.

Blue bars represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at
that station. SRW benchmark (Table 2.8) is a receiving environment standard based on background or
approved guidelines.

' Cobalt is no longer included as a SRWMP substance but it continues to be monitored to allow for SAMP Cobalt data to be considered in light of receiving environment
concentrations and loads the SRW benchmark referenced is the Federal Water Quality guideline of 0.0025 mg/L (Environment Canada, 2013).
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Figure 4.5: Mean concentrations and loads at monitoring stations downstream of Stanrock and Stanleigh TMAs, 2010-2014.
Blue bars represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at
that station. SRW benchmark (Table 2.8) is a receiving environment standard based on background or
approved guidelines.
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Figure 4.5: Mean concentrations and loads at monitoring stations downstream of Stanrock and Stanleigh TMAs, 2010-2014.
Blue bars represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at
that station. SRW benchmark (Table 2.8) is a receiving environment standard based on background or

approved guidelines.

' The hardness of 76 mg/L represents the average of all TMA exposed stations. Hardness specific sulphate guidelines are provided for each station in Appendix Table E.33.
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Figure 4.5: Mean concentrations and loads at monitoring stations downstream of Stanrock and Stanleigh TMAs, 2010-2014.
Blue bars represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at
that station. SRW benchmark (Table 2.8) is a receiving environment standard based on background or
approved guidelines.
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have been increasing over time, while loads of cobalt, iron, manganese, sulphate, and uranium
have remained consistent or decreased over time (Figure 4.3). Increased barium and radium-226
loads are attributed to decreasing sulphate concentrations within the TMA, requiring increased
barium chloride usage in treatment to precipitate radium-226 prior to discharge (as discussed in
Section 3.6).

4.2.2 Trends

Effluent concentrations of sulphate and manganese at the Stanleigh TMA have been decreasing
over time (2003 to 2014) and uranium concentrations were so low in the final effluent (more than
50% of values were less the MDL of 0.0005 mg/L) that trend analysis could not be conducted
(Table 4.3, Appendix Figure D.5.1). While TMA concentrations of radium-226 have been
decreasing over time (Table 3.26), effluent concentrations have been increasing over the same
period (Table 4.3, Appendix Figure D.5.1). The increase in radium-226 in effluent may be, in part
associated with decreasing sulphate concentrations in the TMA basin. As sulphate decreases
more barium chloride is required to precipitate radium-226 with barium sulphate and remove it
from the effluent. Thus, the increase in radium-226 and barium is associated with decreased
treatment efficiencies attributed to lower sulphate concentrations in the TMA. Rio Algom is
currently investigating factors influencing treatment efficiencies. Radium-226 concentrations
remain below the discharge criterion (0.37 Bg/L) and well below the PWQO (1.0 Bq/L).

Concentrations of manganese, radium-226, sulphate, and uranium in effluent from the Stanrock
TMA (DS-4) have been decreasing over time (Table 4.3). Cobalt concentrations significantly
increased over the 2003 to 2014 period, however, concentrations appear to be decreasing since
2009 (Table 4.3, Appendix Figure D.4.2).

4.3 Esten Lake Sub-Watershed Sources

Within the Esten Lake sub-watershed, there are two TMAs: Milliken, with primary discharges into
Elliot Lake via Sherriff Creek, and Nordic, with primary discharges into Nordic Lake via Buckles
Creek (Figure 4.6). There are no seepages that drain directly to receiving environments. Both
Elliot and Nordic Lakes drain to Esten Lake. Surface water is monitored downstream of both
TMAs at the inlet to Elliot Lake (M-01) and the outlet of Nordic Lake (SR-08, Figure 4.6).

4.3.1 Discharge Quality and Loads

Concentrations of most substances in the Milliken and Nordic final discharges achieve receiving
environment criteria (i.e., below the SRW benchmarks; Figure 4.7). Only iron concentrations were
greater than the SRW benchmark in both TMA effluents. Concentrations at the outlet of Westner
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Table 4.3: Summary of water quality trends® for SAMP monitoring stations in Stanleigh and Stanrock, 2003 to 2014.

. Number of
TMA St?gon Type Months Used in | Barium | Cobalt Manganese pH Radium-226 | Sulphate TSS° Uranium
Common Trend"
Stanleigh |CL-06 Primary 9to 10 0.917
Stanrock |DS-4 Primary 12 0.119

_ decreasing trend, significant at p<0.05

increasing trend, significant at p<0.05

Italic - text means monthly correlations significantly different, but common trend value provided.

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, ahoen in Appendix Table D.4.5, D.5.4.

® Months used varied for substances based on suitability of data for trend analysis.
°TSS is a TOMP requirement.
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Figure 4.7: Mean concentrations and loads at monitoring stations downstream of Milliken and Nordic TMAs, 2010-2014.
Blue bars represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at
that station or no flow data available. SRW benchmark (Table 2.8) is a receiving environment standard based
on background or approved guidelines.

' Cobalt is no longer included as an SRWMP substance but it continues to be monitored to allow for SAMP Cobalt data to be considered in light of receiving environment
concentrations and loads. The SRW benchmark referenced is the Federal Water Quality guideline of 0.0025 mg/L (Environment Canada, 2013).
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Figure 4.7: Mean concentrations and loads at monitoring stations downstream of Milliken and Nordic TMAs, 2010-2014.

Blue bars represent SAMP stations, orange bars represent SWRMP stations. * indicates no data collected at
that station or no flow data available. SRW benchmark (Table 2.8) is a receiving environment standard based
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2 The hardness of 76 mg/L represents the average of all TMA exposed stations. Hardness specific sulphate guidelines are provided for each station in Appendix Table E.33.
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Lake (SC-01) were below SRW benchmarks®, while concentrations downstream of Milliken (M-01)
were well below the wetland benchmark and slightly above the lake benchmark (Figure 4.7).
Given the vegetated habitat at M-01, the wetland benchmark is most applicable. Sulphate was
elevated in the Nordic TMA effluent but substantially reduced to less than the SRW benchmark in
the downstream receiving environment (Figure 4.7)

With the exception of iron, manganese, and uranium, Nordic TMA loads for all measured
substances were higher than from the Milliken TMA (Figure 4.7). Loadings from the Milliken TMA
are likely over-estimated because flow at this location is prorated based on drainage area (i.e.,
measured concentrations are not synoptic with actual flows), and the highest concentrations occur
under no flow conditions (due to re-mobilization of metals under anoxic conditions). Thus, when
these concentrations are averaged and then multiplied by the prorated flow, a load is calculated
when no flow/load may be occurring.

Loadings associated with the Milliken TMA have remained consistent over the past 10 years, with
iron loads having the greatest variability (Figure 4.3). Loadings of other substances tended to
show a similar pattern over time, which likely reflects changes in flow between years, although
sulphate loads at Nordic TMA appear to be decreasing over time.

4.3.2 Trends

Significant trends were indicative of improving water quality in mine discharges at both TMAs
(Table 4.4). Atthe Milliken primary discharge location, concentrations of radium-226 and sulphate
were decreasing while concentrations of barium, cobalt, iron, manganese and uranium, as well
as pH, remained stable (Table 4.4, Appendix Figure D.6.1). At the Nordic primary discharge
location, concentrations of barium, cobalt, iron, radium-226, sulphate and uranium were
decreasing and pH was increasing to near-neutral conditions (Table 4.4, Appendix Figure D.7.1).

4.4 Pronto

The Pronto TMA is outside the Serpent River Watershed and effluent from the TMA discharges
to a drainage ditch that flows south and discharges into Lake Huron (Figure 4.8). Final effluent,
monitored in the Discharge Channel at PR-01, reports directly to the North Channel of Lake
Huron, whereas site drainage to Pronto Creek (LL-01) reports to Lake Lauzon. Water quality
monitoring downstream of PR-01 (in Pronto discharge channel and Lake Huron) is not included
in the receiving environment monitoring program (SRWMP) due to confounding influences
immediately downstream of the TMA discharge, including a rail line, Highway 17, and drainage

5 Iron is not monitored at SR-08 as concentrations here have been demonstrated to be consistently below the SRW
benchmark.
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Table 4.4: Summary of water quality trends® for SAMP monitoring stations in Nordic and Milliken, 2003 to 2014.

Stati Number of Months
TMA e:[;on Type Used in Common | Barium | Cobalt Iron Manganese pH Radium-226 | Sulphate | Uranium
Trend"®
Nordic N-12 | Primary 12 -0.098 0.523
Milliken MPE | Primary 12 -0.035 0.054 0.073 -0.064 -0.132

_ decreasing trend, significant at p<0.05

increasing trend, significant at p<0.05
Italic text - mean monthly correlations significantly different, but common trend value provided.

& Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, ahoen in Appendix Table D.6.3, D.7.5.
® Months used varied for substances based on suitability of data for trend analysis.
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from a lime calcining plant which enters Lake Huron adjacent to the Pronto discharge channel.
Therefore the discussion that follows is limited to discharge quality.

4.41 Water Quality and Trends

With the exception of cobalt, concentrations of other substances monitored at the primary
discharge (PR-01) are below the SRW benchmarks (Figure 4.9). Mean cobalt concentrations at
PR-01 are about five times the SRW benchmark (PWQO). Drainage to Lake Lauzon achieves
receiving environment criteria for all substances, with the exception of iron (Figure 4.9).

Loads from the primary discharge (PR-01) are substantially greater (about 8 to 10 times) than
those to Lake Lauzon, with the exception of iron, which is similar between stations (Figure 4.9).
Over the past ten years, loadings from most parameters have been consistent, with the exception
of fluctuations for cobalt (Figure 4.3).

Concentrations of barium and cobalt have been decreasing at station PR-01 (Table 4.5).
Reductions in barium concentrations were associated with the ETP no longer using barium
chloride for treatment as influent concentrations of radium-226 were sufficiently low (below
discharge criteria, Appendix Table C.8.2) that both pH and radium-226 could be treated with lime.
Since 2003, there has been a very small increase in the concentration of radium-226 (Table 4.5,
Appendix Figure D.8.2), although levels remain well below the discharge criterion (0.37 Bg/L) and
PWQO (1.0 Bg/L). Concentrations of barium, radium-226, sulphate, and uranium have been
decreasing at station LL-01 since 2007 (Table 4.5; Appendix Figure D.8.3), and are associated
with repairs to Dam F that same year. Iron concentrations have been increasing at station LL-01
(Table 4.5).

4.5 Summary

Generally, concentrations of mine related substances were at or near receiving environment
benchmarks established for the SRW in mine discharges during the period 2010 to 2014. Few
discharges had concentrations more than ten times the benchmark, and those discharges that
did tended to be seepages with relatively low flow. Therefore, seepage loads were small relative
to primary discharge and background loads. With few exceptions, loads from mine sources were
not sufficient to cause mean receiving environment concentrations to be above SRW
benchmarks. Trends in discharge quality tended to indicate improvements over time and were
generally consistent with trends observed within the TMAs.
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Figure 4.9: Mean concentrations and loads at monitoring stations downstream of Pronto TMA, 2010-2014. SRW
benchmark (Table 2.8) is a receiving environment standard based on background or approved guidelines.

' Cobalt is no longer included as a SRWMP substance but it continues to be monitored to allow for SAMP Cobalt data to be considered in light of receiving environment
concentrations and loads the SRW benchmark referenced is the Federal Water Quality guideline of 0.0025 mg/L (Environment Canada, 2013).
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Figure 4.9: Mean concentrations and loads at monitoring stations downstream of Pronto TMA, 2010-2014. SRW
benchmark (Table 2.8) is a receiving environment standard based on background or approved guidelines.
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Figure 4.9: Mean concentrations and loads at monitoring stations downstream of Pronto TMA, 2010-2014. SRW
benchmark (Table 2.8) is a receiving environment standard based on background or approved guidelines.

' The hardness of 76 mg/L represents the average of all TMA exposed stations. Hardness specific sulphate guidelines are provided for each station in Appendix Table E.33.

Page 3 of 4




Uranium Concentration Uranium Load
0.016 16
0.014 14
= 0.012 - E 12
=4 )
£ 0.010 - £ 10 -
£ 0.008 - £ 8-
3 3
‘S 0.006 - 2 6
g 0.004 - g 4
0.002 - 2 |
0.000 - . B 0 - , I 0
2 = 5 5
o 3 i -
e SRW Benchmark
pH
8.0
75
m 7.0

)
‘E 6.5 -
=1
T 6.0 -
55
I
S 50 -
45 -
40 - .

R-01

o

e SRW Wetland lower limit

LL-01

= SRW Benchmark lower limit

Figure 4.9: Mean concentrations and loads at monitoring stations downstream of Pronto TMA, 2010-2014. SRW
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Table 4.5: Summary of water quality trends® for SAMP water quality monitoring stations in Pronto, 2003 to 2014.

. Number of
TMA St?gon Type Months Used in
Common Trend"
LL-01 | Drainage 4
Pronto
PR-01 Primary 12

-decreasing trend, significant at p<0.05

increasing trend, significant at p<0.05

Iron | Manganese pH Radium-226 | Sulphate | Uranium
0.331 0.002 -0.144
-0.042 -0.042 -0.134 0.218 -0.005 -0.134

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples

available for the analysis.

@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, ahoen in Appendix Table D.8.5-D.8.6.

® Months used varied for substances based on suitability of data for trend analysis.
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5 SERPENT RIVER WATERSHED

5.1 Program Overview

The SRWMP was designed to assess the recovery of the receiving environment following the
implementation of the decommissioning plans. The SRWMP was designed to evolve over time
in response to conditions within the watershed such that as conditions improved, the scope of the
program would retract based on acceptability criteria established at the onset of the program. The
program was originally established to be conducted every five years based on a study design
approved by the CNSC and the JRG (Beak 1999a). Each subsequent study design considered
the findings of the previous cycle and proposed changes to the design based on observed
conditions.

Initially, the program included water, sediment, and benthic invertebrate sampling in 20 lakes and
28 stream reaches with fish health assessments conducted in seven lakes. Sampling areas
included both mine exposed and reference areas. The results of the first cycle (1999) SRWMP
indicated no differences in fish health between mine exposed and reference lakes, although
reduced abundance was observed in McCabe Lake. The lack of effects observed in the fish
communities lead to the removal of fish health monitoring within the SRWMP in Cycle 2, but fish
abundance in McCabe Lake continued until the end of Cycle 2 (2004). Results of Cycle 1
indicated that any mine related effects were confined to the deeper lakes, and thus monitoring in
the shallower lakes was discontinued in Cycle 2. A lack of mine related effects on benthos within
the connecting streams in Cycle 2 resulted in the removal of stream benthic sampling in Cycle 3.
Thus, the Cycle 3 (2009) SRWMP focused on water, sediment, and benthic invertebrate sampling
in deep lakes downstream of mine discharge locations and in selected reference areas.

Since 1999 water quality has improved dramatically resulting in a reduction in the substances
monitored, focusing only on those elevated in mine effluent. The current program assessed
concentrations of up to seven substances at 15 stations (5 reference and 10 mine exposed) on a
quarterly, semi-annual or annual basis depending on the hydraulic residence time of the lake
(Figure 5.1; Table 5.1). Water concentrations continue to improve, with most concentration less
than water quality benchmarks. While water quality has improved dramatically over the past 10
to 15 years, sediment concentrations have shown little change during this time and are generally
elevated downstream of the mines (Figure 5.2; Minnow 2011). However, sediment toxicity testing
in 2009 showed no difference in growth or survival of the benthic invertebrate Chironomus dilutes
between reference and mine-exposed lakes (Figure 5.3; Minnow 2011).

The benthic invertebrate communities downstream of the TMAs have shown some improvement
since the implementation of the SRWMP in 1999 (i.e., there are fewer reference vs. mine-exposed

_/"'_“"'---._
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Table 5.1: Cycle 4 approved SRWMP water quality sample locations and frequencies’.

. . e Reference vs c
Station Location / Description Mine-exposed Type Frequency Parameters
D-4 Dunlop Lake Outlet (Q-14) S
barium, pH, iron,
SR-19 |[Inlet to Elliot Lake lake Q manganese, radium-226,
sulphate and uranium
SR-18 [Outlet of Jim Christ Lake Reference S
SR-16 [Fox Creek at Highway 108 Q barium, pH, iron,
wetland/stream manganese, radium-226,
SR-17  |Unnamed Creek Drain Lake 3 @ Hwy 108 Q sulphate and uranium
D-6° [Cinder Lake Outlet lake Q
DS-18 [Halfmoon Lake Outlet stream Q barium, iron, pH,
radium-226, sulphate and
M-01  [Sherriff Creek @ Highway 108 stream Q uranium
SC-01 [Westner Lake Outlet stream A
D-5 Serpent R between Denison & Quirke lake Q
TMAs .
Mine-exposed
Q-09 [Serpent R Below Quirke TMA Effluent lake Q
Q-20 Evans Lake Outlet to Dunlop Lake lake A barium, pH,
radium-226, sulphate and
SR-01 |Quirke Lake Outlet lake A uranium
SR-06 [McCabe Lake Outlet lake S
SR-08 ([Nordic Lake Outlet lake Q
Total Number of Locations and Samples/Year 15 45

M=Monthly, S=Semi-Annually, A=Annually

@ Water quality monitoring conducted from January 1, 2010 to December 31, 2014. The parameters, frequencies, and stations reflect the Cycle 4 approved study design.
e Manganese is also monitored at station D-6.

° Hardness monitored at reference and mine-exposed stations where sulphate concentrations are greater than 100 mg/L and at station D-6.
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differences), evident in increased densities and number of taxa in exposed lakes during each
subsequent cycle (Table 5.2). However, the extent of improvement has not been as dramatic as
that observed for water quality (Minnow 2011).

It was suspected that the slower improvement in sediment quality relative to surface water may
be associated with slower than anticipated sediment deposition rates (assumed to be 2 mm/yr
based on previous study conducted during operations). A key premise of the SRWMP design
was that monitoring should occur at a frequency commensurate with the ability of the receiving
environment to demonstrate change. Therefore, sediment deposition rates were confirmed
through a two year study that included three near-field receiving lakes that have been the most
influenced by historical mining activities (McCabe Lake, Quirke Lake, and Nordic Lake). Sediment
deposition rates were determined using two approaches: sediment traps to assess the current
sedimentation rate and fresh sediment quality, and sediment core profiling to investigate historical
sediment quality and to determine how deposition rates changed over time relative to periods of
historical mining activity within each lake.

The study found that deposition rates in the three lakes ranged from 0.3 mm/year to 0.74 mm/yr,
which translates into the deposition of 1 cm of sediment every 33 to 13 years. Therefore, even at
the lake with the highest deposition rates (Nordic Lake), it would take more than ten years to
accumulate 1 cm of sediment. This means that the frequency of monitoring in the SRWMP (i.e.,
five years) is too rapid to expect to detect measurable improvement in benthic invertebrate
community health and sediment quality. Based on the results of the sediment deposition study
the frequency of sediment and benthic invertebrate was reduced to every 10 years. Thus the
next sediment and benthic invertebrate community monitoring will be conducted in 2019.
Therefore, this cycle of the SRWMP did not include sediment and benthic sampling, but routine
water quality monitoring was conducted and data collected from January 2010 to December 2014
forms the basis for the SRWMP assessment within this SOE.

5.2  Water Quality

With few exceptions, annual mean water concentrations (2010 to 2014) were less than SRWMP
benchmarks for most substances (Figure 5.4). All samples of barium, pH, radium-226, sulphate
and uranium were less than (or greater than for pH) the water quality benchmarks (Table 5.3).
Manganese, which is only monitored at station D-6 (downstream of seepage from Denison TMA,
only exceeded the benchmark in 10% (2 samples) of the samples collected over the 5 year period
(Table 5.3). Iron periodically, exceeded the benchmark at stations D-6, DS-18 and M-01, although
most samples (> 80%) achieved the benchmark (Table 5.3) and mean concentrations were well
less than the benchmark (Figure 5.4), except for DS-18, and that appears to be due to three
samples collected in the winter of 2014 (Appendix Table E.10). These elevated iron

_/"'_“"'---._
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Table 5.2. Benthic community metric means and significant patterns of increase () or
decrease (|) among mine-exposed lakes relative to the reference mean (p<0.1).

Metric Area 1999 2004 2009
Reference 4,523 5,833 6,826
Density
Exposed 2,987 l 3,152 l 4,163 l
Reference 10.8 12.5 12.3
Number of Taxa l - -
Exposed 7.0 10.8 11.0
Reference -0.21 -0.18 -0.22
CA Axis 1 T T -
Exposed 0.34 0.17 0.10
Reference 0.23 0.36 0.36
CA Axis 2 - l l
Exposed 0.10 0.08 -0.25
Reference 0.36 0.25 -0.22
CA Axis 3 l - -
Exposed 0.15 0.12 -0.12
Total Metrics for Which
Exposure Lakes Differed from 4 3 2
Reference
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Figure 5.4: Mean, minimum and maximum water concentrations over time at mine exposed
stations relative to pooled reference stations and water quality benchmarks. ND
denotes no data available for that station as substance is no longer monitored.
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Figure 5.4: Mean, minimum and maximum water concentrations over time at mine exposed
stations relative to pooled reference stations and water quality benchmarks. ND
denotes no data available for that station as substance is no longer monitored.

! Station specific guideline based on hardness presented in Appendix Table E.33.

Page 2 of 3



Uranium

0.016 - — PWQO

= 0.004 il &
Il

i [lin
|"|||I

Ref Q-20 D-6 D-5 Q-09 SR-01 DS-18 SR-06 M-01 SC-01 SR-08

m2005 m2006 2007 m2008 m2009 02010 2011 02012 @2013 02014

Figure 5.4: Mean, minimum and maximum water concentrations over time at mine exposed
stations relative to pooled reference stations and water quality benchmarks. ND
denotes no data available for that station as substance is no longer monitored.

Page 3 of 3



Table 5.3: Percent of samples exceeding selected benchmarks (shaded values) at SRWMP stations, 2010-2014.

Barium Iron Manganese® pH Radium-226 | Sulphate® Uranium
Station # of Samples
mg/L mg/L mg/L pH units Bq/L mg/L mg/L
. Lakes 0.057 0.48 0.095 6.6 0.008 6.4 <0.0005
Upper limit of
Background
Wetlands 0.021 1.68 0.068 5.2 0.006 4.3 <0.0005
Guideline 1.0 0.30 0.80 6.5 1.0 128 - 429 0.015
D-5 20 0% na na 0% 0% 0% 0%
D-6¢ 20 0% 20% 10% 0% 0% 0% na
DS-18 22 0% 14% na 0% 0% 0% 0%
M-01 20 0% 5% na 0% 0% 0% 0%
Q-09 20to 21 0% na na 0% 0% 0% 0%
Q-20 5 0% na na 0% 0% 0% 0%
SC-01 5 0% 0% na 0% 0% 0% 0%
SR-01 5 0% na na 0% 0% 0% 0%
SR-06 10 0% na na 0% 0% 0% 0%
SR-08 20 0% na na 0% 0% 0% 0%

Benchmark applied to lake stations: D-5, D-6, Q-09, Q-20, SR-01, SR-06, SR-08.
Benchmark applied to wetland stations: M-01, DS-18, SC-01.
Benchmark applied to lake and wetland stations.

# SRWMP benchmarks. See Table 2.9 for selection details.

® Benchmark dependent on site specific water hardness (mg/L): Very Soft (0-30): 128; Soft to moderately soft (31-75): 218; Moderately soft/hard
to hard (76-180): 309; Very hard (181-250): 429; >250 determined based on site water. See Appendix Table E.33 for site hardness values used.

°Benckmark - BCMOE guideline is hardness dependent. Average hardness at station D-6 was used as the basis for the guideline selection see
Appendix Table E.33.

4Two samples of manganese exceeded the benchmark based on the average hardness. Had the sample specific hardness been applied, only 1
sample (5%) would have exceeded the benchmark (Appendix Table E.9).

na - Parameter not sampled at respective station.
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concentrations are likely the result of particulate matter within the sample during low flow as iron
concentrations are expressed as total concentrations which can be extremely influenced by
particulate matter (Horowitz 1985).

Generally, concentrations of radium-226, sulphate and uranium have been decreasing or
remaining stable over time (Table 5.4). The only exception is downstream of the Stanleigh TMA
at the outlet of McCabe Lake (SR-06), where barium and radium-226 concentrations have been
increasing. However, the concentrations of barium and radium-226 remain well below the water
quality benchmark (3 and 173 times lower, respectively) at SR-06 (Appendix Table E.16 and
Figure E.9). The increase in the concentration is related to a decrease in treatment efficiencies
associated with improved water quality within the TMA basin. Radium-226 and barium
concentrations have been decreasing within the TMA (Table 3.26). The pH levels at most stations
demonstrate stable conditions with no trends observed except for downstream of the Stanrock
TMA (DS-18), where pH was found to be decreasing (Table 5.4; Appendix Figure E.4). However,
the change in pH over the past twelve years was very small and pH remains neutral (Appendix
Figure E.4).

Water quality downstream of the TMAs is meeting EIS predictions. Recent concentrations of
sulphate and radium-226 downstream of the TMAs were close to or better than the 1999
cumulative predications or, in the case of Stanleigh, the 2012 predicted values for radium-226
and uranium (Table 5.5). Observed trends reflected decreasing concentrations of both
radium-226 and sulphate over time, and therefore concentrations appear to be on target for
achieving predicted values for 2099.

5.3 Summary

Overall, water quality continues to improve in the Serpent River Watershed, with metal
concentrations in surface water decreasing over time and pH stable at near-neutral levels. All
samples of barium, pH, radium-226, sulphate, and uranium collected over the past five years
(2010 to 2014) were less than the water quality benchmarks. Only manganese (D-6) and iron
(D-6, DS-18 and M-01) occasionally (£ 20%) had concentrations above the water quality
benchmark. Generally, concentrations of manganese, radium-226, sulphate, and uranium have
been decreasing over time, except at the outlet of McCabe Lake (SR-06) where barium and
radium-226 concentrations have been increasing, although concentrations remain well below the
water quality benchmark.
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Table 5.4: Summary of water quality trends® for Serpent River monitoring stations, 2003 to 2014.

Number of Months

Station ID Used in Common Barium Iron Manganese pH Radium-226 | Sulphate | Uranium
Trend”

Reference Stations
D-4 4 -0.275 0.042 -0.031 -0.062 ND -0.313 ND
SR-16 4 0.045 -0.125 -0.175 -0.004 ND 0.039 -
SR-17 4 0.389 -0.043 0.367 -0.081 ND 0.039 -
SR-18 2to 4 -0.177 0.516 0.124 0.137 ND ND
SR-19 4t012 -0.139 0.033 -0.297 0.195 ND ND
Exposed Stations
D-5 12 -0.182 -0.093 -
D-6 12 -0.206 0.222 -0.129
DS-18 12 0.102 0.200 -
M-01 12 -0.219 -0.224 -
Q-09 12 -0.166 - -
Q-20 1 -0.154 - -
SC-01 1 -0.235 - -
SR-01 1 -0.554 - -
SR-06 2 0.977 - -

_decreasing trend, significant at p<0.05

increasing trend, significant at p<0.05

ND denotes that this parameter was not included in the trend analysis for that particular station due to >50% non-detectable concentrations in the samples available for the analysis.
"-" denotes that this parameter was not included in the trend analysis for that particular station due to the absence of data (e.g. there were <5 years worth of data for that parameter, or not measured at site).

Italic text - mean monthly correlations were significantly different, but common trend value provided was not necessarily significant.
Bold text - only one month was used in common trend analysis.
@ Common (combined) trends based on rank correlation coefficients (rho) for monthly trends, shown in Appendix Table E.18 to E.32.

® Months used varied for substances based on suitability of data for trend analysis.



Table 5.5: Concentration predictions at SRWMP stations compared to 2014° values.

. Sulphate Radium-226 ium®
TMA Predicted vs Measured Year (mZ ) (Ba/L) U;’;r;lluLT
Cumulative Prediction © 1999 173 0.067 -
SR-01 [Current 2014 34 0.017 0.0013
Cumulative Prediction © 2099 23 0.042 -
Cumulative Prediction ° 1999 215 0.170 -
DS-18 [Current 2013 97 0.103 0.0012
Cumulative Prediction © 2099 53 0.051 -
2012% Prediction 2012 32 0.1 0.0029
SR-06 |[Current 2014 48 0.057 0.0009
Cumulative Prediction © 2099 11 0.026 -

@ Mean 2014 values used, except for DS-18 where 2013 mean was used as several values in 2014 were suspect.

® Predicted uranium values converted from Bq/L to mg/L.

¢ Prediction values for 1999 and 2099 based on cumulative effects assessment (CNSC 2002).

4 The 2012 predicated value represents the 2005 year prediction presented in Senes (1997) because delays in construction and
flooding of the TMA caused a shift in the representative time line for the graphs of predicted concentrations.
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6 PUBLIC DOSE

Public dose estimates for the Elliot Lake facilities have been undertaken to provide conservative
estimates of public dose associated with potential radiation exposure. The upper limit of potential
radiation exposure was calculated for radon, gamma, and dietary uptake exposure pathways.
The total dose from these sources was compared to the Health Canada Guidelines for protection
of public health as well as the Canadian Nuclear Safety Commission regulatory limits on public
dose (Table 6.1). The public dose summarized in Table 6.1 and presented in the following
sections represents upper bounds of incremental public dose arising from the decommissioned
Elliot Lake uranium mines.

6.1 Radon

Extensive radon monitoring and modeling conducted during mine operations in the vicinity of the
Elliot Lake tailings demonstrated that radon levels drop to near background levels within a few
hundred metres of all tailings basins (Golder et al., 1986; Senes 1986).

Post remediation radon monitoring shows the highest average concentration of radon, expressed
as the radon progeny equivalent, is 0.009 Working Level (WL, CNSC 2002). Based on a casual
access exposure period of 200 hours/year, the resulting incremental public dose is estimated to
be 0.04 mSv (0.009 WL x 200 hrs x 1 Working Level Month (WLM)/170 hrs x 4 mSv/ WLM) or
less than 5% of the public dose limit.

The critical receptor for radon emanation was determined to be the Nordic Lake receptor as the
lack of a flooded or saturated cover at the Lacnor/Nordic tailings management area results in the
highest radon release rates. The incremental dose from radon to a receptor living on the shore
of Nordic Lake was determined to be 0.016 mSv/y (CNSC 2002) or 1 % of the public dose limit.

Maintenance of water and/or vegetative covers at the remediated sites and tailings management
areas ensures that radon progeny concentrations remain at or below closure concentrations.

6.2 Gamma

Public dose estimates based on gamma radiation field surveys of licensed facilities and access
time estimates of 200 hours/year project an annual average public dose for all properties of 0.016
mSv/yr (CNSC 2002) or 1.6% of the public dose limit of 1 mSv/year (Table 6.2).
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Table 6.1: Upper bound of public dose from Elliot Lake facilities.

Annual Dose

Source Exposure Pathway Reference (mSvly)
200 hours of casual tailings
Radon management area access at CNSC 2002 0.04

maximum exposure rate of
0.009 WL

200 hours of casual tailings
Gamma [management area access at CNSC 2002 0.06
maximum gamma field

1.5 liter water/day; 2.92 kg
Dietary | fish/year; 1 kg waterfowl/year; | Minnow 2011 0.103
1 kg moose/y from May Lake

Total Dose from all sources 0.203

Public Dose Limit 1

Health Canada Guideline 0.3




Table 6.2: Gamma Dose from casual access to mine properties, CNSC 2002,

Dose From Casual Access to Mine Properties
Property
uSvly % of Public Limit
Denison 5 0.5%
Quirke 13 1.30%
Panel 13 1.30%
Spanish-American gbe 0.80%
Stanrock 17 1.70%
Stanleigh 12 1.20%
Milliken 11b 1.10%
Lacnor/Nordic/Buckles 60" 6.00%
Pronto 7° 0.70%
Average 16 1.62%

@ From Quirke and Panel Environmental Impact Statement (Rio Algom 1995) unless specified.

® Calculated and/or updated based on surveys completed from 1996 to 1998, using the same assumptions made in the Quirke and Panel EIS
(Rio Algom Limited 1995).

° A one metre water cover reduces the gamma dose from the tailings to insignificant levels at the Spanish-American TMA. The incremental

dose is entirely due to the time spent at the mine site.

9 Actual dose from Lacnor TMA is conservative, as no allowance has been made for the cover placed after the 1997 gamma survey.

© Allowable public limit 1 mSv/yr (1000 mSv/y)

fCNSC 2002, Table 8.4.1
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The dose attributed to casual access for each mine properties is summarized in Table 6.2.
Gamma radiation remediation programs have been completed at former mine, mill and town sites
associated with the TMAs (AECBa,b,c)?). The CNSC approved remediation criteria included:

e Clean-up of all surface areas with surface gamma radiation levels > 150 uR/hour; and
e Surface grid criterion for gamma radiation of < 100 uR/hour over a 10,000 m? area.
6.3 Pathway Analysis

Incremental dose estimates were updated in 2009 for ecological and human receptors based on
site specific monitoring data collected at six watershed lakes (Quirke, Elliot, Nordic, McCabe and
May lakes; EcoMetrix 2011d). Human receptors included generic human and a Serpent River
Frist Nation (SRFN) member residing on area lakes and consuming fish, moose and waterfowl
from the designated near field lakes. Consumption rates for SRFN members were based on a
survey conducted by SRFN of consumption usage within the watershed. Total dose estimates
range from 0.022 mSv/y at McCarthy Lake to 0.103 mSv/y at May Lake (Table 6.3). These upper
bound limits were developed as part of the 2011 State of the Environment Report
(Ecometrix 2011d in Minnow 2011) with supplemental data on polonium-210 used to update dose
to Quirke Lake receptor in 2012 (Minnow 2012). These upper bound exposures are well the
below public dose limit of 1 mSv/y, and these values will next be updated as part of the next State
of the Environment report to be completed in 2020 (i.e., 2015 to 2019 study period).

6.4 Casual Access Dose Verification

The CNSC has requested annual reporting of public dose. Whereas all previous public dose
estimations in SOE reports have focused on demonstrating upper bounds of public dose, using
rather conservative assumptions for hypothetical human residents on downstream lakes, the
intention moving forward is for annual SRWMP Reports to include realistic doses for a
representative person residing in the town of Elliot Lake. This is the only lake in the watershed
with a resident community. The “representative person” (ICRP 2007) is equivalent to and
replaces the “average member of the critical group” (ICRP 1986) as the basis for determining
compliance with public dose limits and guidelines.

Site-specific surveys will be undertaken in Elliot Lake to characterize the habits of residents
relevant to important exposure pathways monitoring programs as part of periodic environmental
effects. Based on previous dose estimations as described above, the important exposure
pathways are casual access to mine properties (radon and direct gamma exposure) and ingestion

6 The Decommissioning Audit reference for Stanleigh is currently outstanding but will be provided to reviewers when it
becomes available.

_/"'_“"'---._
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Table 6.3. Incremental dose to hypothetical resident of downstream lakes.

Incremental Dose

. Water Fish Moose | Mallard® | Total

Consumption ltems (msvly) | (msviy) | (msviy) | (msviy) | (mSviy)
Generic Human 1.5 2.92 1 1 -
Ingestion Rate |SRFN® 1.5 12.7 12.1 0.37 -
Units (L/d) (kaly) (kaly) (kaly) -

Quirke' Lake 0.03820 | 0.04252 | 0.00307 | 0.01068 | 0.09447

Elliot Lake 0.01780 | 0.00628 | 0.00028 | 0.00000 | 0.02436

Generic Human |Nordic Lake 0.01880 | 0.00649 | 0.00011 | 0.00000 | 0.02540

Dose by Lake |McCabe Lake 0.02390 | 0.00695 | 0.00346 | 0.03388 | 0.06819

May Lake 0.05740 | 0.01002 | 0.00285 | 0.03268 | 0.10295

McCarthy Lake 0.01460 | 0.00609 | 0.00052 | 0.00149 | 0.02270

SRFN Dose in |SRFN Current* 0.01110 | 0.02002 | 0.01515 | 0.00269 | 0.04896

Watershed SRFN Future® 0.01200 | 0.02026 | 0.01375 | 0.00067 | 0.04668

' Quirke Lake data from Minnow, 2012; all other data from Minnow, 2011.
2 Incremental dose set at 0 for Elliot and Nordic Lakes where total dose is below background dose.
®SRFN - Serpent River First Nation Member.
* The current consumption was based on a survey conducted in 2010 of SRFN members and the future

consumption was estimated by the SRFN Land and Resource Committee.
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of drinking water and sport fish from Elliot Lake (collectively 99% of ingestion dose, Table 6.3).
An updated detailed design for public dose determination will be included in the Cycle 5 study
design report (2019).

An interim public dose determination for a representative member of the Elliot Lake public based
on readily available data and seasonal site-specific radon and gamma surveys will be developed
in early 2016, and data collection will be initiated shortly thereafter. Public dose estimates to be
included in the 2016 to 2020 annual SRWMP Reports will be based on updated public dose
estimates generated through the 2016 interim program.

6.5 Summary

To date estimates of public dose have been based on the use of very conservative values to
demonstrate that public dose in the vicinity of Elliot Lake does not exceed the upper dose limit.
Measurements of radon and gamma collected during mine operations, result in dose estimates
which are less than 5% of the public dose limit. Dietary exposure pathway analysis conducted in
2009 indicated that the total dose to generic human and a Serpent River Frist Nation (SRFN)
member residing on area lakes and consuming fish, moose and waterfowl from near field lakes
were also well below the public dose limit.

The licensee’s (RAL and DMI) will develop a detailed design for public dose determination as part
of the Cycle 5 study design report to be provided in 2019. An interim public dose determination
for a representative member of the Elliot Lake public based on readily available data and seasonal
monitoring will be included in the 2016-2020 annual SRWMP Reports.
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7 CONCLUSIONS AND RECOMMENDATIONS

71 Conclusions

The objective of this Serpent River Watershed State of the Environment Report was to integrate
recent monitoring data from the TOMP, SAMP, and SRWMP to provide an assessment of current
TMA performance and the conditions in the downstream Serpent River Watershed relative to TMA
sources. The report presents data from the SRWMP and TOMP and SAMP data from January
2010 to December 2014 (five years).

The licensees continue to make improvements in TMA infrastructure, treatment, and monitoring
systems which allows for continuous improvement in TMA performance and demonstrates
improving conditions within the licensed areas and downstream.

In-Basin Quality

Since decommissioning, conditions in the TMA basins have improved and basin water quality is
generally at or near EIS-predicted levels. Water quality has continued to improve in recent years
(2003 to 2014) based on decreasing concentrations of radium-226, sulphate, and uranium, as
well as increasing pH levels, at most TMAs. The only exception was observed at Denison TMA-1
where radium-226 and barium concentrations have been increasing and pH has been decreasing
in surface water. The radium-226 and barium trend appears to be associated with a step change
in 2008 and is thought to be caused by decreasing sulphate concentrations in the TMA. This
results in the dissolution of barium or calcium sulphate compounds to which radium-226 is
associated, and subsequent release of radium-226 and barium from the tailings. It is expected
that radium-226 concentrations in porewater will stabilize over time once the dissolution of
sulphate compounds re-equilibrates with aqueous sulphate concentrations. Decreasing pH in the
TMA-1 basin is believed to be associated with the depletion of lime that was added to the basin
in 1998. While pH has decreased, the change in pH over the past 12 years has been very small
and pH within the TMA remains neutral, achieving the PWQO prior to treatment at Station D-1.

Generally, trends in porewater concentrations reflected those observed in surface water within
the basins, but trends in groundwater were more variable. With few exceptions, porewater and
groundwater trends indicated improving water quality and relative to Cycle 3, continue to be
indicative of improved porewater and groundwater quality. Where increasing metals or
decreasing pH trends were observed these were associated with deeper sampling stratums and
represent the flushing of historical porewaters from the TMAs.
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TMA Discharges

Primary mine discharges, which contribute the majority of chemical loadings to the receiving
environment, have also been improving over time. Where trends were detected, radium-226,
sulphate, and uranium concentrations decreased in TMA effluents. The only exception to this
was at Stanleigh, where radium-226 effluent concentrations have been increasing over time,
although concentrations in the basin have been decreasing. The increase in radium-226 in
effluent may be, in part, associated with decreasing sulphate concentrations in the TMA basin.
As sulphate decreases, more barium chloride is required to precipitate radium-226 with barium
sulphate and remove it from the effluent. Thus, the increase in radium-226 and barium is
associated with decreased treatment efficiencies attributed to lower sulphate concentrations in
the TMA.

At Denison and Quirke, effluent pH showed a decreasing trend, but this appeared to be associated
with a decrease in pH relative to previous pH levels which were higher due to in-basin liming
activities. In all cases, effluent pH remains circum neutral.

Trend analysis for 2003-2009 data indicated barium concentrations have been increasing at the
primary discharge locations (D2, D-3, Q-28, and CL-06) of the flooded basins. This was largely
due to greater barium chloride use either in response to increased flows or due to lower sulphate
concentrations influencing treatment efficiencies. In all cases, barium concentrations in
discharges were well below toxicity thresholds.

Over the past five years, effluent quality has consistently achieved discharge criteria at all TMAs.
Effluent has also been consistently non-lethal to Daphnia magna and rainbow trout with no
mortality reported in semi-annual acute toxicity tests. Similarly, reproduction of Ceriodaphnia
dubia was not affected by exposure to 100% effluent in most tests conducted over the past five
years at all TMAs.

Direct seepage releases from the TMAs to the receiving environment only occur in the Quirke
Lake sub-watershed. Seepage concentrations have been improving over time at all seepage
monitoring locations. While metal concentrations tend to be highest and pH lowest in these
sources, their loads to the receiving environment are low compared to primary discharges and
background (upstream) loads. As noted in the previous SOE report (Minnow 2011), the
radium-226 load within the Serpent River downstream of the Denison TMA discharge (D-5)
continues to be higher than the loading from the Denison TMA or the upstream watershed (D-4),
and is likely associated with the historical deposits of treatment solids downstream of the Denison
TMA (EcoMetrix 2011a). Diffusion modelling indicated that radium-226 release from the
sediment should decrease with time (EcoMetrix 2011a).
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Watershed Conditions

The improvements within the TMAs were reflected in the downstream watershed. With few
exceptions, annual mean water concentrations (2010 to 2014) were less than SRWMP
benchmarks for most substances. All samples of barium, pH, radium-226, sulphate and uranium
were less than (or greater than for pH) the water quality benchmarks. Manganese, which is only
monitored at station D-6 (downstream of seepage from Denison TMA, only exceeded the
benchmark in 10% (2 samples) of the samples collected over the 5 year period. Iron periodically,
exceeded the benchmark at stations D-6, DS-18 and M-01, although most samples (> 80%)
achieved the benchmark. Furthermore, concentrations of radium-226, sulphate, and uranium
continue to decrease in surface water over time, with the exception of the outlet of McCabe Lake
(SR-06) where radium-226 and barium have been increasing due to reduced treatment
efficiencies at the Stanleigh TMA. However, both radium-226 and barium remain well below the
water quality benchmarks and predicted concentrations at this location.

Sediment deposition rates within Quirke, McCabe, and Nordic lakes downstream of the TMAs
were investigated as part of a two year study (2011 and 2012) to determine the expected sediment
recovery rates for the watershed. The study found that deposition rates in the three lakes ranged
from 0.3 mm/year to 0.74 mm/yr, which translates into the deposition of 1 cm of sediment every
33 to 18 years. Therefore, even at the lake with the highest deposition rates (Nordic Lake), it
would take more than ten years to accumulate 1 cm of sediment. This means that the frequency
of monitoring in the SRWMP (i.e., five years) was too rapid to expect a detectable measurable
improvement in benthic invertebrate community health and sediment quality. Based on the results
of the sediment deposition study, the frequency of sediment and benthic invertebrate sampling
was reduced to every 10 years. The next sediment and benthic invertebrate community
monitoring will be conducted in 2019, and the findings of the assessment will be included in the
next SOE report.

Public Dose

To date estimates of public dose have been based on the use of very conservative values to
demonstrate that public dose in the vicinity of Elliot Lake does not exceed the upper dose limit.
Measurements of radon and gamma collected during mine operations result in dose estimates
which are less than 5% of the public dose limit. Dietary exposure pathway analysis conducted in
2009 indicated that the total dose to generic human and a Serpent River Frist Nation (SRFN)
member residing on area lakes and consuming fish, moose and waterfowl from near field lakes
were also well below the public dose limit.

The licensee’s (RAL and DMI) will develop a detailed design for public dose determination as part
of the Cycle 5 study design report to be prepared in 2019. An interim public dose determination

_/"'_“"'---._
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for a representative member of the Elliot Lake public based on readily available data and seasonal
monitoring will be included in the 2016-2020 annual SRWMP Reports.

Summary

The TMAs are performing well in terms of meeting EIS predictions and reflecting improving
conditions. The Serpent River Watershed is responding to these improvements, with water quality
responding (improving) more rapidly than sediment and benthic invertebrates. Public dose
estimate using conservative measures indicated that the upper bounds of public dose are well
less than the public dose limits. A monitoring program will be designed and implemented which
will result in a more realistic estimate of public dose being incorporated into future SOE reports.

7.2 Recommendations

The TOMP, SAMP, and SRWMP are functioning well and are able to capture changes in TMA
performance, mine discharges, and the receiving environment. However, a few
recommendations for changes to the SRWMP are recommended in light of the current study
findings:

e The monitoring of May Lake water quality (SR-15) as well as sediment and benthic surveys
(to be completed next in 2019) should be reinstated into the SRWMP in response to
increasing radium-226 and barium at the outlet of McCabe Lake (SR-06). May Lake was
removed from the SRWMP as part of the Cycle 3 Study design (Minnow 2009b). At that
time RAL and DMI made a commitment to resume monitoring should concentrations in
the upstream receiving environment increase in the future.

e Cobalt, iron and manganese are either no longer monitored within the SRWMP or only
monitored at selected stations as is the case for iron and manganese. These substances
were removed from the program as their concentrations were consistently below the
SRWMP benchmarks. However, they continue to be monitored in the SAMP and TOMP.
Part of the assessment conducted within the SOE Report is to determine the loadings of
these substances from mine sources relative to loadings observed within the downstream
receiving environments. In order to continue to undertake a comparative assessment of
loadings, cobalt, iron and manganese should continue to be monitored within the SRWMP.

Data collected prior to the next study design should be considered and presented to support any
further program changes deemed appropriate.
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1 PURPOSE
The purpose of this procedure is to:

e Assure the timely development and implementation of investigative and mitigative
measures in response to confirmed water quality trends identified through the
Performance Monitoring Programs;

e Establish methods of data evaluation and trend confirmation that are consistent with
regulatory requirements and corporate objectives;

e Assign responsibility for trend confirmation and response plan development and
implementation.

2 APPLICATION

This procedure applies to all Rio Algom Limited and Denison Mines Inc. Elliot Lake performance
monitoring data generated from any of the following programs:

e  SRWMP: Serpent River Watershed Monitoring Program;
e SAMP: Source Area Monitoring Program;
e TOMP: Tailings Management Area (TMA) Operational Monitoring Program;

Final treated effluent action levels and response plans are documented in Section 7.4 of site-specific
Operating, Care and Maintenance (OCM) Plans. Generic response plans for effluent treatment plant
failure, poor effluent quality and high rates of seepage are documented in PL10.2.0.01 Emergency
Response Plan with site-specific details provided in Section 10.2 of site-specific OCM Plans.
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3 ROLES AND RESPONSIBILITIES

3.1 The Rio Algom Reclamation Manager and Denison Environmental Services Manager

The Rio Algom Reclamation Manager and Denison Environmental Services Manager have overall
responsibility for the on-going operating, care and maintenance of the Rio Algom Limited (RAL) and
Denison Mines Inc. (DMI) Elliot Lake Facilities including the Performance Monitoring Plan.
Responsibilities specific to this procedure include:

e Final authorization of review and revisions of this procedure;

e Providing the Care and Maintenance Contractor with documentation that would affect
change to this procedure;

e Regular review of “flagged data” points and confirmation of implementation and
response to data validation procedures

e Review of annual program data assessment reports and directing the development and
implementation of investigative and mitigative measures in response to confirmed
water quality trends

3.2 Environmental Manager

The Environmental Manager has overall responsibility for ensuring that the Performance Monitoring
Plan is implemented including water quality response plan implementation. Responsibilities specific to
this procedure include:

e Confirming care and maintenance personnel participating in water quality response plan
review, development and implementation are adequately trained and competent to
perform assigned task;

e Confirming care and maintenance contractor and consultant conformance with this
procedure or in the case of consultants their equivalent to this procedure

e |Initiating review of annual program data assessment reports and managing the
development and implementation of investigative and mitigative measures in response
to confirmed water quality trends

3.3 Environmental Coordinator

The Environmental Coordinator is responsible for overseeing implementation of the data validation,
data assessment and trend confirmation components of the Water Quality Response Plan.
Responsibilities specific to this procedure include

e Confirming data quality assessment is conducted in accordance with PR8.5.4.01 Water
Quality Data Quality Assessment;
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Confirming data validation is conducted in accordance with PR8.7.3.02 Data Validation
Procedures;

Reviewing data quality assessment and initiating response as required to emerging
trends in consultation with Reclamation Manager and Environmental Manager;

Reviewing monthly water quality reports and initiating response as required to
emerging trends in consultation with Reclamation Manager and Environmental Manager

Reviewing annual and five year data summaries for annual water quality reports and
initiating response as required to emerging trends in consultation with Reclamation
Manager and Environmental Manager

Incorporating response plan progress reports as required in the Monthly Care and
Maintenance Reports, Monthly Water Quality Reports, and the Annual SRWMP and
OCM Reports;

Assigning responsibility for completion of data quality assessment and data validation in
accordance with relevant procedures;

Assigning responsibility and confirming completion of response monitoring activities
Informing care and maintenance contractor staff of changes to this procedure;
Directing training of care and maintenance contractor staff involved in this procedure;
Completing modifications to this procedure; and

Conducting scheduled and unscheduled spot checks to verify care and maintenance
contractor and consultant conformance with this procedure.

3.4 Compliance Coordinator

The Compliance Coordinator is responsible for supporting implementation of the Water
Response Plan Procedure. Responsibilities specific to this procedure include:

Conducting data quality assessment in accordance with PR8.5.4.01 Water Quality Data
Quality Assessment including preparation and maintenance of data assessment records
and reports

Conducting data validation in accordance with PR8.7.3.02 Data Validation including
preparation and maintenance of data validation records and reports

Compiling data for monthly water quality reports and visually reviewing data for
emerging trends or outliers not captured in data validation; informing Environmental
Coordinator of findings

Quality
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e Compiling annual and five year data summaries for annual water quality reports and
visually reviewing data for emerging trends or outliers not captured in data validation;
informing Environmental Coordinator of findings

e Maintaining response plan records and reports

e Scheduling response monitoring field parameters, samples and analytes in the
environmental database as directed by the Environmental Coordinator and in
accordance with PR8.7.2.01 Scheduling.

3.5 Field Technician and Operators

Field Technicians, Operators or other contractors or consultants assigned performance or response

monitoring responsibilities under the SRWMP, SAMP or TOMP programs are responsible for:

q

4.1

Participating in and completing the training requirements including working knowledge of
RG8.7.2.02 Control Limit Registry and PL10.2.0.01 Emergency Response Plan

Completing response monitoring and associated activities as assigned

Informing the Compliance Coordinator of flagged data during the data entry/importing
phase in accordance with RG8.7.2.02 Control Limit Registry

Informing the Environmental Coordinator of limit exceedances (compliance, action level,
internal investigation) identified during the data entry/importing phase in accordance with
RG8.7.2.02 Control Limit Registry

PROCEDURES

Water Quality Assessment

Water quality is routinely assessed in accordance with the following processes

Data validation in accordance with PR8.7.3.02 Data Validation including preparation and
maintenance of data validation records and reports. All data entered into the
environmental database is validated with monthly “flagged data” compiled by the
Compliance Coordinator and reviewed by the Environmental Coordinator who is responsible
for initiating response as required to emerging trends in consultation with Reclamation
Manager and Environmental Manager;

Monthly compilation of year to date water quality results including visual review of data and
identification of potential outliers or emerging trends. Data is compiled by the Compliance
Coordinator and reviewed by the Environmental Coordinator who is responsible for
initiating response as required to emerging trends in consultation with Reclamation
Manager and Environmental Manager;
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e Annual compilation of year to date water quality results and five year summary including
visual review of data and identification of emerging trends. Data is compiled by the
Compliance Coordinator and reviewed by the Environmental Coordinator who is responsible
for initiating response as required to emerging trends in consultation with Reclamation
Manager and Environmental Manager;

e Periodic statistical trend evaluation of data as part of the State of the Environment Report

based on methodology presented in the associated Design Report.

4.2 Trend Identification

Identification of a water quality trend may result from:

4.2.1

Trend evaluation conducted as part of the “Decision Path for Data Validation” as
documented in PR8.7.3.02 Data Validation; or

Trend identification conducted in accordance with Section 4.1 above.

Water quality trends identified by the Compliance Coordinator are to be reviewed by the
Environmental Coordinator. The Environmental Coordinator is responsible for evaluating trends
and initiating response as required to emerging trends in consultation with Reclamation
Manager and Environmental Manager

4.3 Trend Confirmation

4.3.1 The Compliance Coordinator under the direction of the Environmental Coordinator and in
consultation with the Rio RA and Den RA is responsible for confirming the water quality trend

using the following weight-of-evidence approach as shown in Figure 4.1:

e Isthe trend isolated to one chemical parameter? If more than one related parameter is
showing a similar trend at the same location, then the trend is not likely the result of an
analysis error.

e Isthere a similar trend at upstream or downstream stations? Involvement of related
stations may indicate an upset rather than an analysis or sampling error.

e Are there similar trends at non-related stations? If trends are only evident at related
stations, trends under investigation are corroborated, if trends are evident at unrelated
stations then sampling or analysis error is likely.

e |s the trend consistent with changes detected in upstream tailings management or source
area water quality monitoring? If yes, the trend is corroborated.

e Is the trend consistent with forecast changes resulting from geochemical evolution of
upstream sources? A positive answer supports the evidence of a confirmed trend.

4.3.2 The Environmental Coordinator is responsible for ensuring that confirmed trends are reported in
the Monthly Water Quality Report.
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4.4 Trend Evaluation

4.4.1 The Reclamation Manger and/or Environmental Manager are responsible for reviewing data
compiled for the “weight of evidence” review of the trend and identifying requirements for
additional investigation to evaluate the significance of any potential impact and possible
remedial or mitigative measures as required.

4.4.2 Where additional investigation is required, the Reclamation Manager or Denison Environmental
Services Manager are responsible for providing the required resources to conduct the
investigation and notifying the Canadian Nuclear Safety Commission that the Response Plan as
identified in Figure 4.2 has been triggered.

4.4.3 Where the trend is not mining related, or the “weight of evidence” approach confirms negligible
impact, the Environmental Coordinator is responsible for incorporating the findings in the
monthly and annual water quality reports.
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Figure 4.1. Trend Evaluation

Potential trend or outlier identified by PR8.7.3-02 Data
Validation or Scheduled Data Review

Trend Evaluation

Is the finding corroberated by:

* outliers or extremes in other parameters

« outliers or extremes at related stations No trend | Continue
_ current
* no change at unrelated stations program

* a trend within assessment limits

* source area monitoring

» a trend at source

I I

Data point or trend is Data point or trend is
within assessment outside assessment
criteria or expected trend| |criteria or expected trend
as established most as established most
recent State of recent State of
Environment Report Environment Report

I I

Report findings in Annual
Report; continue current Initiate response planning
program
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Figure 4.2.
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4.5 Response Implementation

4.5.1 Where the additional investigation confirms an increased contribution from an identifiable
source that is having a significant impact on the downstream environment, the owner’s
Responsible Authority (Rio Algom Reclamation Manager or Denison Environmental Services
Manager) is responsible for submitting to the CNSC an investigation summary that provides the
following information:

e Summary of additional investigation findings;

e Recommended remedial and mitigative measures;
e Proposed implementation schedule; and

e Confirmation monitoring plan.

4.5.2 Where significant remedial and/or mitigative measures are implemented, the relevant
Responsible Authority is responsible for ensuring the inclusion of a response plan within the
relevant annual report that contains the following information:

e Summary of remedial and mitigative measures implemented;
e Results of confirmation monitoring;
e Continued confirmation monitoring program (if required); and
e Changes in operating procedures (if applicable).
4.5.3 The Environmental Coordinator is responsible for ensuring that updates on Response Plan
implementation are included in monthly and annual water quality reports.
5 TRAINING

The Environmental Coordinator is responsible for confirming that all care and maintenance staff
conducting performance monitoring meets the following minimum training requirements:

e Completion of documented review of this procedure and associated report forms;
e Completion of documented review of associated data validation procedures;

e Completion of documented on the job training for emLine database access and report
generation

e Completion of documented review of RG8.7.2.02 Control Limit Registry and PL10.2.0.01
Emergency Response Plan
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6 ADMINISTRATION

6.1 Procedure Review

Standard operating procedure documents are to be reviewed in accordance with the schedule and
responsibilities identified in RG1.0.0.02 Operating Document Registry.

6.2 Program, Plan and Procedure Revisions

Document revisions identified during routine review, program modifications (e.g. program design or
State of Environment Reports) and/or audit process are to be implemented in accordance with
PR11.1.0.01 Operating Document Review and Revision Procedures.

7 RECORDS

Table 7.1. Companion Document Listing
Document Number Document Name
Minnow, 2009a Monitoring Framework for Closed Mines, Near Elliot Lake.
Minnow, 2009b Serpent River Watershed Monitoring Program Cycle 3 Study Design
Minnow, 2009c¢ Source Area Monitoring Program, Revised Study Design
Minnow, 2009d Tailings Management Area Operational Monitoring Program (TOMP) Revised

Study Design

Minnow, 2011 Serpent River Watershed State of the Environment Report

Site-specific Operating, Care and Maintenance Plans

RG1.0.0.02 Operating Document Registry

PR8.5.4.1 Water Quality Data Quality Assessment

RG8.5.2.01 Water Quality Monitoring Data Quality Objectives

PR8.7.2.01 Scheduling

RG8.7.2.01 Performance Monitoring Registry

RG8.7.2.02 Control Limit Registry

PR8.7.3.02 Data Validation Procedure

PL10.2.0.01 Emergency Response Plan

PR11.1.0.01 Operating Document Review and Revision Procedures
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8 REVISION RECORD

Table 8.1. Revision Summary

Revision Date Purpose of Revision

2007.01 Aug 15, 2007 Update roles and responsibilities as well as procedure references, include

all monitoring programs not just SRWMP, update formatting

2011.01 Feb. 18, 2011 Update roles and responsibilities, include data assessment section,
separate trend evaluation from environmental response plan process in
figures, revise number from 8.1.0.01 to 8.0.0.01 to reflect application to all
monitoring programs
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Replaces: 2007.01
Approved: February 25,2011 Valid Until: February 25, 2016
Asset Owner Reclamation Manager
Document Reviewer Environmental Coordinator
Document Owner Compliance Coordinator
Document Control Document Clerk
Key Contacts Environmental Manager

1 PURPOSE
The purpose of this procedure is to:

e Assure the quality of the performance monitoring data while tracking and minimizing
the effects of bias and imprecision in field sampling effort;

e Establish field sampling quality control (QC) measures that are consistent with
regulatory requirements and corporate objectives; and

e Assign responsibility to ensure that field sampling quality control is conducted in

accordance with license and performance monitoring program requirements.

2 APPLICATION

This procedure applies to field sampling at all Rio Algom Limited and Denison Mines Inc. Elliot Lake
monitoring locations included in each of the following programs:

e SRWMP: Serpent River Watershed Monitoring Program;
e SAMP: Source Area Monitoring Program;
e TOMP: Tailings Management Area (TMA) Operational Monitoring Program.

Assessment of field sampling quality control results and performance is incorporated in PR8.5.4.01
Water Quality Data Quality Assessment.

Issued by:

D.S.Berthelot, Reclamation Manager All electronic or printed copies other than signed pdf are uncontrolled



Field Sampling Quality Control
Operating Procedure: PR8.5.3.01 Revision: 2011.01 Page 2 of 7

3 ROLES AND RESPONSIBILITIES

3.1 The Rio Algom Reclamation Manager and Denison Environmental Services Manager

The Rio Algom Reclamation Manager and Denison Environmental Services Manager have overall
responsibility for the on-going operating, care and maintenance of the Rio Algom Limited (RAL) and
Denison Mines Inc. (DMI) Elliot Lake Facilities including the Performance Monitoring Plan.
Responsibilities specific to this procedure include:

e Final authorization of review and revisions of this procedure; and
e Providing the Care and Maintenance Contractor with documentation that would affect
change to this procedure.
3.2 Environmental Manager

The Environmental Manager has overall responsibility for ensuring that the Performance Monitoring
Plan is implemented including field sampling quality control. Responsibilities specific to this procedure
include:

e Confirming care and maintenance personnel conducting performance monitoring
sampling are adequately trained and competent to perform assigned task

e Confirming care and maintenance contractor and consultant conformance with this
procedure or in the case of consultants their equivalent to this procedure
3.3 Environmental Coordinator

The Environmental Coordinator is responsible for overseeing implementation of the Field Sampling
Quality Control Procedure. Responsibilities specific to this procedure include:

e Assigning responsibility for completion of field sampling quality control in accordance
with this procedure;

e Informing care and maintenance contractor staff of changes to this procedure;
e Directing training of care and maintenance contractor staff involved in this procedure;

e Initiating and directing field sampling quality control modifications required in response
to changes to this procedure;

e Initiating and reviewing modifications to this procedure; and

e Conducting scheduled and unscheduled spot checks to verify care and maintenance
contractor and consultant conformance with this procedure.
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3.4 Compliance Coordinator

The Compliance Coordinator is responsible for supporting implementation of the Field Sampling Quality
Control Procedure. Responsibilities specific to this procedure include:

e Scheduling field blank and field duplicates in the environmental database in accordance
with PR8.7.2.01: Scheduling;

e Generating data quality assessment reports for field quality control sampling in
accordance with PR8.5.4.01 Water Quality Data Quality Assessment and reviewing
results to identify appropriate field blank and field duplicate locations

e Reviewing and updating this procedure as assigned in RG1.0.0.02 Operating Document
Registry

3.5 Field Technician and Operators

Field Technicians, Operators or other contractors or consultants assigned field sampling quality control
sampling responsibilities under the SRWMP, SAMP or TOMP programs are responsible for:

e Conducting field sampling quality control sampling in accordance with this procedure
and relevant sampling procedure: PR8.6.1.01 Surface Water Grab Sampling or
PR8.6.2.01 Groundwater Sampling;

e Participating in and completing the training requirements
4 PROCEDURES

4.1 Quality Control Sample Types
Two types of field sampling quality control samples are collected:

e Field Blanks: A field blank is a sample of distilled/deionized water that is processed in
the field in a manner identical to that used for the randomly selected sample location
(eg. Through sampler/pump for groundwater and through depth sampler for depth
samples). The field blank allows assessment for potential contamination of the sample
by the bottle itself, preservatives, dust and sample handling.

o Field Duplicates: A field duplicate is a sample that is taken at the same time and location
as a regular field sample (ie; side by side), where possible; at times low flows restrict the
ability to sample using larger bottles. If a smaller container is required to decant, the
smaller container volumes are divided between the original and the duplicate. The
samples are prepared and analysed in an identical manner. The data from field
duplicates reflect the natural spatial and/or temporal variability, as well as the variability
associated with sample collection and handling methods.
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4.2 Location Selection

4.2.1 Field blank and field duplicate samples are collected at pre-established stations. Stations have
been selected to meet the criteria outlined below and are changed infrequently in order to
establish high-low flag data set. Current and historic station designations for field blanks and
field duplicates are documented in RG8.5.3.01 QA/QC Requirements Registry.

e Representative of the full performance monitoring parameter suite for designated QC
purpose (SRWMP, SAMP, TOMP)

e Sampled at frequency that will generate data to meet 10% of total number of sample
requirements; and

e Representative of field conditions and sampling protocols (e.g. use of sample collection
devices)

e Representative of concentration range of analytes in the performance monitoring program

4.3 Scheduling

4.3.1 Quality Control (QC) samples will be applied to a minimum of 10% of the total number of
samples required for each of SRWMP, SAMP and TOMP, as compiled in RG8.7.2.01 Performance
Monitoring Registry.

4.3.2 The Compliance Coordinator is responsible for scheduling QC samples such that:

e Objectives are incorporated into the electronic schedule in accordance with PR8.7.2.01
Scheduling Procedure;

e Individual analytes are scheduled to reflect program specific Method Detection Limits
(MDL'’s) as per RG8.5.2.01 Water Quality Monitoring Data Quality Objectives

e Field blank and field duplicate sample names and designations will be maintained in
RG8.5.3.01 QA/QC Requirements Registry.

4.3.3 The Compliance Coordinator is responsible for ensuring any changes to QC sampling are
incorporated into the schedule as per PR8.7.2.01 Scheduling Procedure.
4.4 Sampling

4.4.1 The Field Technician or other adequately trained personnel are responsible for collecting field
QC samples in accordance with PR8.6.0.01 Surface Water Grab Sampling or 8.6.2.01
Groundwater Sampling Procedures.

4.4.2 Field blanks and field duplicates are collected in accordance with the sample collection method
as scheduled in the Database.
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4.5 Data Validation, Review and Reporting

4.5.1 The Compliance Coordinator is responsible for data validation and review of quality control
samples in accordance with PR8.7.3.02 Data Validation Procedure.

4.5.2 The Compliance Coordinator is responsible for evaluating, reviewing and reporting field quality
control sampling results in accordance with PR8.5.4.01 Water Quality Data Quality Assessment
Procedure.

5 TRAINING

The Environmental Coordinator is responsible for confirming that all care and maintenance staff
performing field sampling quality control meet the following minimum training requirements:

e Completion of documented review of this procedure and associated report forms;
e Completion of documented review of associated data validation procedures;

e Completion of documented on the job training for emLine database access and report
generation; and

e Completion of location-specific on the job training with respect to access routes,
communication locations and location-specific sampling requirements.

6 ADMINISTRATION

6.1 Procedure Review

Standard operating procedure documents are to be reviewed in accordance with the schedule and
responsibilities identified in RG1.0.0.02 Operating Document Registry.

6.2 Program, Plan and Procedure Revisions

Document revisions identified during routine review, program modifications (e.g. program design or
State of Environment Reports) and/or audit process are to be implemented in accordance with
PR11.1.0.01 Operating Document Review and Revision Procedures.

7 RECORDS
Table 7.1. Companion Document Listing
Document Number Document Name
Minnow, 2009a Monitoring Framework for Closed Mines, Near Elliot Lake.
Minnow, 2009b Serpent River Watershed Monitoring Program Cycle 3 Study Design
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Minnow, 2009c¢ Source Area Monitoring Program, Revised Study Design
Minnow, 2009d Tailings Management Area Operational Monitoring Program (TOMP) Revised
Study Design
Minnow, 2011 Serpent River Watershed State of the Environment Report
RG1.0.0.02 Operating Document Registry
RG8.5.2.01 Water Quality Monitoring Data Quality Objectives
RG8.5.3.01 QA/QC Requirements Registry
PR8.5.4.01 Water Quality Data Quality Assessment
PR8.6.1.01 Surface Water Grab Sampling
PR8.6.2.01 Groundwater Sampling
PR8.7.2.01 Scheduling
RG8.7.2.01 Performance Monitoring Registry
PR8.7.3.02 Data Validation Procedure
PR11.1.0.01 Operating Document Review and Revision Procedures
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8 REVISION RECORD
Table 8.1. Revision Summary
Revision Date Purpose of Revision
2005.02 Dec. 21, 2005 Update roles and responsibilities; reference groundwater procedures,
remove Envista references
2006.01 Aug. 22, 2006 Include addition groundwater QA/QC locations
2007.01 Aug 30, 2007 Update roles and responsibilities as well as procedure references
2011.01 Feb. 18, 2011 Update roles and responsibilities, include Denison Mines to reflect
common use of procedure; revised schedule requirement references to
Cycle 3 Design and 2011 draft State of Environment Report
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1 PurPosE
The purpose of this procedure is to:

» Assure the quality of the monitoring programs while tracking and minimizing the
effects of bias and imprecision in sampling effort;

» Control measurement errors to acceptable levels and to ensure that the data are
useful and of known quality;

» Establish data quality assessment standards that are consistent with regulatory
requirements and corporate objectives; and

» Assign responsibility to ensure that data quality assessment is conducted in
accordance with license requirements.
2 APPLICATION

This procedure applies to data quality assessment of quality control (QC) sampling as per
RG8.5.3-01 Quality Control and Quality Assurance Registry for each of the sampling programs
including:

» SRWMP: Serpent River Watershed Monitoring Program;
» SAMP: Source Area Monitoring Program; and
» TOMP: Tailings Management Area (TMA) Operational Monitoring Program.
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3 ROLES AND RESPONSIBILITIES

3.1.

3.2.

3.3.

The Rio Algom Reclamation Manager and Denison Environmental Services Manager

The Rio Algom Reclamation Manager and Denison Environmental Services Manager have
overall responsibility for the on-going operating, care and maintenance of the Rio Algom Limited
(RAL) and Denison Mines Inc. (DMI) Elliot Lake Facilities including the Performance Monitoring
Plan. Responsibilities specific to this procedure include:

» Final authorization of review and revisions of this procedure; and

» Providing the Care and Maintenance Contractor with documentation that would affect
change to this procedure.

Environmental Manager

The Environmental Manager has overall responsibility for ensuring that the Performance
Monitoring Plan is implemented including water quality data quality assessment.
Responsibilities specific to this procedure include:

» Reviewing data quality assessment reports (e.g. RF8.5.4 series report forms Table
7.1, monthly reports, annual reports) and programs and managing modifications as
required.

» Confirming care and maintenance contractor, data management supplier and
analytical supplier conformance with this procedure
Environmental Coordinator

The Environmental Coordinator is responsible for overseeing implementation of the Water
Quiality Data Quality Assessment Procedure. Responsibilities specific to this procedure include:

» Assigning responsibility for completion of data quality assessment in accordance with
this procedure;

» Informing care and maintenance contractor staff of changes to data quality
assessment procedures;

» Directing training of care and maintenance contractor staff involved in data quality
assessment;

» Initiating and directing data management and analytical services modifications
required in response to changes to this procedure;

» Initiating and reviewing modifications to this procedure and associated registries and
report forms;
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» Developing and supervising responses to data that does not conform to the data
guality objectives and communicating progress to Environmental Manager and
Reclamation Manager; and

» Reviewing data quality assessment reports (e.g. RF8.5.4 series report forms Table
7.1, monthly reports, annual reports) and programs and initiating and supervising
modifications as required.
3.4. Compliance Coordinator

The Compliance Coordinator is responsible for implementing the Water Quality Data Quality
Assessment Procedure. Responsibilities specific to this procedure include:

» Conducting data quality assessment in accordance with this procedure;

» Reviewing and confirming that field and analytical results generated through the data
quality assessment program are valid and entered into the data management system
within 60 days of the sample date;

» Generating and reviewing data quality assessment reports using the report forms
associated with this procedure (RF8.5.4 series indentified in Table 7.1) and initiating
responses to data that does not conform to the data quality objectives;

» Reviewing laboratory quality control reports and initiating responses to data that
does not conform to the data quality objectives;

» Implementing responses to data that does not conform to the data quality objectives
as directed by the Environmental Coordinator;

» Preparing data quality assessment (field and laboratory) components of internal and
annual water quality reports including reporting on the status of responses to data
that does not conform to the data quality objectives; and

» Implementing modifications to this procedure and associated registries and report
forms including updates triggered by changes to data quality objectives (DQO).

4 PROCEDURES
4.1. Scheduling

4.1.1. The Compliance Coordinator is responsible for ensuring that the minimum requirement of 10%
is met for QA/QC on all Performance Monitoring Program requirements.

4.1.2. Quality control samples will be scheduled in accordance with RG8.7.2-01 Performance
Monitoring Registry.

4.2. Supporting Reports/Forms
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The Compliance Coordinator is responsible for ensuring that changes in Data Quality Objectives
(DQO, RG8.5.3-01) are incorporated into the data quality assessment process and onto the
appropriate forms and reports (RF8.5.4 series in Table 7.1).

The Compliance Coordinator is responsible for ensuring all emLine data quality assessment
report forms are working correctly and initiating modifications with the data management service
provider as required. EmLine report forms are maintained in the emLine data management
system under the appropriate application (Rio/SRWMP/Denison) and can be accessed by the
Reports/Report Manager when logged on to the emLine database. EmLine-generated data
guality assessment reports are maintained for each of the RF8.5.4 series field DQA reports
identified in Table 7.1 (e.g SRWMP, SAMP/TOMP and groundwater).

Data Validation and Review

The Compliance Coordinator is responsible for ensuring that all analyses on relevant field QC
samples have been reported by the Laboratory within 60 days of sample date.

The Compliance Coordinator is responsible for ensuring the QA/QC data is validated and
reviewed as per PR8.7.3-02 Data Validation Procedures, prior to issuing data quality
assessment reports.

Report Preparation, Assessment and Reporting

The Compliance Coordinator is responsible for monthly and annual preparation of data quality
assessment reports. Reports are accessed and data imported from the database using the
following steps:

Log-on to emline;

Choose the Appropriate APPLICATION, Rio/SRWMP/Denison
Click on the REPORTS Tab at the top of the Page;

Click on REPORT MANAGER;

On this page you will select the appropriate DQA Report;
Select a date range (Year to Date);

Select VIEW REPORT at top of page;

© N o o > w Nk

Select SAVE report (rather than open) and save to the Annual Archive/Operating Program
Records; Section 8 (enable macros)
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The Compliance Coordinator will evaluate any field precision exceedances by evaluating trends,
investigating sample conditions and possible sources of contamination or variability and
requesting repeat analysis when it is deemed necessary. Repeat exceedances and trends are
to be reviewed with the Environmental Coordinator for development and implementation of an
appropriate response plan.

The Compliance Coordinator will evaluate any field blank exceedances by evaluating trends,
investigating sample conditions and possible sources of contamination and requesting repeat
analysis when it is deemed necessary. Repeat exceedances and trends are to be reviewed
with the Environmental Coordinator for development and implementation of an appropriate
response plan.

The Compliance Coordinator will evaluate any laboratory data quality objective exceedances by
evaluating trends, requesting investigation of laboratory conditions and possible sources of
contamination, or sample mixup and requesting repeat analysis and or follow-up when it is
deemed necessary. Repeat exceedances and trends are to be reviewed with the
Environmental Coordinator for development and implementation of an appropriate response
plan.

On a monthly basis, the Compliance Coordinator will generate year to date data quality
assessment report forms for inclusion as an attachment to the RAL Monthly Care and
Maintenance Report. The Compliance Coordinator will also prepare the data quality
assessment (field and laboratory) components of the monthly report including reporting on the
status of responses to data that does not conform to the data quality objectives.

On an annual basis, the Compliance Coordinator will generate annual data quality assessment
report forms for inclusion in the Annual SRWMP Water Quality Report or Annual Rio Algom or
Denison Operating Care and Maintenance Reports as appropriate. The Compliance
Coordinator will also prepare the data quality assessment (field and laboratory) components of
these annual reports including reporting on the status of responses to data that does not
conform to the data quality objectives and their potential impact on the interpretation of
performance monitoring data.

5 TrAINING

The Environmental Coordinator is responsible for confirming that care and maintenance staff
performing data quality assessments meets the following minimum training requirements:

» Completion of documented review of this procedure and associated report forms;
» Completion of documented review of associated data validation procedures;

» Completion of documented on the job training for emLine database access and
report generation.
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6 ADMINISTRATION

6.1. Procedure Review

Data quality assessment documents are to be reviewed in accordance with the schedule and
responsibilities identified in RG1.0.0.02 Operating Document Registry.

6.2. Program, Plan and Procedure Revisions

Document revisions identified during routine review, program maodifications (e.g. program design
or State of Environment Reports) and/or audit process are to be implemented in accordance
with PR11.1.0-01 Rio Algom Limited General Operating Document Review and Revision
Procedures.
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7 RECORDS
Table 7.1. Companion Document Listing
Document Number Document Name
RG8.5.3-01 Quality Control and Quality Assurance Registry
RF8.5.4-01a SRWMP DQA Field Precision
RF8.5.4-01b SRWMP DQA Field Blank
RF8.5.4-02a SAMP/TOMP DQA Field Precision
RF8.5.4-02b SAMP/TOMP DQA Field Blank
RF8.5.4.03a Groundwater DQA Field Precision
RF8.5.4.03b Groundwater DQA Field Blank
RG8.7.2-01 Performance Monitoring Registry
PR8.7.3-02 Data Validation Procedures

Rio Algom Limited Monthly Care and Maintenance Report

SRWMP Annual Water Quality Report

Rio Algom Limited Annual Operating Care and Maintenance Report

Denison Mines Inc. Annual Operating Care and Maintenance Report

RG1.0.0.02 Operating Document Registry

PR11.1.0-01 Operating Document Review and Revision Procedure

8 REVISION RECORD

Table 8.1. Revision Summary
Revision Date Purpose of Revision
2005-01 Sept. 5, 2005 Update references to revised report form format based on consolidation of

SAMP and TOMP DQA report forms

2007-01 Aug. 30, 2007 Update to reflect transition from Envista to emLine; include laboratory data
quality assessment reviews, update roles and responsibilities
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2011-01

Feb. 10, 2011

Update roles and responsibilities, include Denison Mines Reporting
Requirements to reflect standardized data quality assessment programs;
update associated report forms and data quality objectives based on Cycle 3
Design and 2011 draft State of Environment Report
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1 PURPOSE
The purpose of this procedure is to:
e Establish a surface water grab sampling standard operating procedure that is consistent
with regulatory requirements and standard industry protocols.
2 APPLICATION

This procedure applies to surface water grab sampling at all Rio Algom Limited and Denison Mines Inc.
Elliot Lake monitoring locations included in each of the following programs:

e SRWMP: Serpent River Watershed Monitoring Program;
e SAMP: Source Area Monitoring Program;

e TOMP: Tailings Management Area (TMA) Operational Monitoring Program.
3 ROLES AND RESPONSIBILITIES

The Rio Algom Reclamation Manager and Denison Environmental Services Manager

The Rio Algom Reclamation Manager and Denison Environmental Services Manager have overall
responsibility for the on-going operating, care and maintenance of the Rio Algom Limited (RAL) and
Denison Mines Inc. (DMI) Elliot Lake Facilities including the Performance Monitoring Plan.
Responsibilities specific to this procedure include:

e Final authorization of review and revisions of this procedure; and
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e Providing the Care and Maintenance Contractor with documentation that would affect
change to this procedure.
Environmental Manager

The Environmental Manager has overall responsibility for ensuring that the Performance Monitoring
Plan is implemented including surface water grab sampling. Responsibilities specific to this procedure
include:

e Confirming care and maintenance personnel conducting surface water grab sampling
are adequately trained and competent to perform assigned task

e Confirming care and maintenance contractor and consultant conformance with this
procedure or in the case of consultants their equivalent to this procedure
Environmental Coordinator

The Environmental Coordinator is responsible for overseeing implementation of the Surface Water Grab
Sampling Procedure. Responsibilities specific to this procedure include:

e Assigning responsibility for completion of surface water grab sampling in accordance
with this procedure;

e Informing care and maintenance contractor staff of changes to this procedure;
e Directing training of care and maintenance contractor staff involved in this procedure;

e Initiating and directing surface water grab sampling modifications required in response
to changes to this procedure;

e Initiating and reviewing modifications to this procedure; and
e Conducting scheduled and unscheduled spot checks to verify care and maintenance
contractor and consultant conformance with this procedure.
Compliance Coordinator

The Compliance Coordinator is responsible for supporting implementation of the Surface Water Grab
Sampling Procedure. Responsibilities specific to this procedure include:

e Scheduling surface water grab samples in the environmental database in accordance
with PR8.7.2.01: Scheduling.
Field Technician and Operators

Field Technicians, Operators or other contractors or consultants assigned surface water grab sampling
responsibilities under the SRWMP, SAMP or TOMP programs are responsible for:
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e Conducting surface water grab sampling in accordance with PR8.6.1.01 Surface Water
Grab Sampling;

e Participating in and completing the training requirements;
e Reviewing and updating this procedure as assigned in RG1.0.0.02 Operating Document
Registry
4 PROCEDURES

Location Selection

Samples are collected at pre-established stations. Stations were established to meet the following
criteria and should only be collected as long as these conditions are satisfied:

e Safe access;
e Sample can be obtained without disturbing bottom sediments;

e Flow and/or mixing to ensure that the sample location is representative of the
waterbody being sampled;

e The surface is free and clear of floating debris.

Scheduling

Surface water grab samples will be scheduled in the environmental database as required for each of
SRWMP, SAMP and TOMP, as per the Cycle 3 Design documents and Canadian Nuclear Safety
Commission program approval dated December 11, 2009.

The Compliance Coordinator is responsible for scheduling surface water grab samples such that:

e Requirements are incorporated into the environmental database Schedule in
accordance with PR8.7.2.01: Scheduling;

e Individual analytes are scheduled to reflect program specific Method Detection Limits
(MDL’s) as per RG8.5.2.01: Water Quality Monitoring Data Quality Objectives;

The Compliance Coordinator is responsible for ensuring any changes to sampling programs are
incorporated into the schedule as per PR8.7.2.01: Scheduling.
Sampling and Sample Delivery

The Field Technician, Operator or other adequately trained personnel shall conduct surface water grab
samples in accordance with the following protocol:

e Obtain pre-washed High Density Polyethylene (HDPE) bottles in the appropriate
volumetric sizes (2L, 4L);
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e Prior to filling, the sampler shall triple rinse all sample containers using sample water,
affix the lid and shake vigorously;

o If sample must be collected using a device other than the laboratory container the
sampler shall triple rinse both the device and the sample container in the above fashion;

e Samples will be collected by immersing the sample container upside down to a depth of
20 cm (where possible) and returning bottle to the upright position until full;

e laboratory containers will be filled completely where possible, and capped under water
to ensure no residual airspace in the sample container and limit surface contamination;

e All reasonable efforts shall be taken to ensure samples are maintained at a consistent
temperature, avoiding heating or freezing;

e When temperature change may be a factor due to sample delivery delays coolers will be
used.

The sampler shall record any unusual sample conditions or observations in the waterproof field
notebook at the time of sampling.

Upon arrival to the sample preparation room with the samples, the technician must prepare the
samples for shipment in the following manner:

e Obtain the necessary bottles provided by the lab for the appropriate analysis to be
performed on the sample;

e Ensure each bottle is labeled properly with the appropriate information (ie. Date,
location of sample, analysis requested and person who collected the sample);

e Prior to separating the sample into the appropriate bottles, mix the sample by inverting
the bottle upside down and back several times to ensure the sample is uniform
throughout the bottle;

e Depending on the analysis required, the small bottles provided by the lab may contain
preservative in them thus requiring the technician to take the appropriate safety
precaution (ie. Safety glasses, rubber gloves) when decanting the sample;

e Carefully decant the sample into the small bottles leaving as little air space as possible
without overflowing the sample container. Overflowing the containers that contain
preservative can result in the sample not being preserved properly and may have
impacts on the analysis being performed;

e Once the appropriate bottles have been filled, carefully place them into a cooler for
shipment. Package the samples tightly together and add space filler if required to
ensure there is no movement and possible damage to the samples. Place an
appropriate amount of ice into the cooler to prevent the samples from overheating
during the summer months and hot water bottles to prevent from freezing during the
winter months;
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e Prepare a chain of custody form in the data management system. Save the form in the
public drive and email it to the laboratory as well as provide the chain of custody to the
lab by printing a copy and inserting it into the cooler prior to shipment;

e Once all material is in the cooler, secure the lid and have the sample shipped to the
appropriate lab.
Data Validation and Review

Data validation and review of surface water grab samples shall be conducted in accordance with
PR8.7.3.02 Data Validation Procedure.

5 TRAINING

The Environmental Coordinator is responsible for confirming that care and maintenance staff
performing surface water grab sampling meets the following minimum training requirements:

e Completion of documented review of this procedure and associated report forms;
e Completion of documented review of associated data validation procedures;

e Completion of documented on the job training for emLine database access and report
generation; and

e Completion of location-specific on the job training with respect to access routes,
communication locations and location-specific sampling requirements.

6 ADMINISTRATION

Procedure Review

Standard operating procedure documents are to be reviewed in accordance with the schedule and
responsibilities identified in RG1.0.0.02 Operating Document Registry.

Program, Plan and Procedure Revisions

Document revisions identified during routine review, program modifications (e.g. program design or
State of Environment Reports) and/or audit process are to be implemented in accordance with
PR11.1.0-01 Operating Document Review and Revision Procedures.
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7 RECORDS

Table 7.1. Companion Document Listing
Document Number Document Name
Minnow, 2009a Monitoring Framework for Closed Mines, Near Elliot Lake.
Minnow, 2009b Serpent River Watershed Monitoring Program Cycle 3 Study Design
Minnow, 2009c Source Area Monitoring Program, Revised Study Design
Minnow, 2009d Tailings Management Area Operational Monitoring Program (TOMP) Revised
Study Design
Minnow, 2011 Serpent River Watershed State of the Environment Report
RG1.0.0.02 Operating Document Registry
RG8.5.2.01 Water Quality Monitoring Data Quality Objectives
PR8.7.2.01 Scheduling
RG8.7.2-01 Performance Monitoring Registry
PR8.7.3.02 Data Validation Procedure
PR11.1.0.01 Operating Document Review and Revision Procedures
8 REVISION RECORD
Table 8.1. Revision Summary
Revision Date Purpose of Revision
2006-01 Dec. 21, 2006 Update roles and responsibilities; include sample preparation for shipment

requirements

2007-01 Aug 31, 2007 Update roles and responsibilities as well as procedure references

2011-01 Feb. 18, 2011 Update roles and responsibilities, include Denison Mines to reflect
common use of procedure; revised schedule requirement references to
Cycle 3 Design and 2011 draft State of Environment Report

Issued by:

D.S. Berthelot, Reclamation Manager All electronic or printed copies other than signed pdf are uncontrolled



Rio Algom

Operating Procedure: PR8.6.1.03

Approved: February 25, 2011

Asset Owner

Document Reviewer

Document Owner

Document Control

Key Contacts

DENISONI)'
MINES

Toxicity Sampling
Revision: 2011.01 Page 1 of 7
Replaces: 2007.01
Valid Until: February 25, 2016
Reclamation Manager
Environmental Coordinator
Environmental Technician
Document Clerk

Environmental Manager

1

PURPOSE

The purpose of this procedure is to:

2

Establish a toxicity sampling standard operating procedure that is consistent with

regulatory requirements and sta

APPLICATION

ndard industry protocols.

This procedure applies to toxicity sampling for the purpose of determining lethality or growth inhibition,
at the following Elliot Lake monitoring locations:

PR-01: Effluent Creek at Hwy 17
N-12: Buckles Creek at Hwy 108
MPE: M