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1.0 INTRODUCTION

Groundwater quality and geochemistry along the Lake St. Martin Outlet Channel (LSMOC) channel was
assessed using regional background data, and data more recently available from the 2019 to 2020 LSMOC
groundwater monitoring program.

The methodology applied for the assessment of water quality data is given in Section 2. Section 3 contains a
list of references used in the preparation of the report. The analysis of the regional background data is
described in Section 4.0 and in Appendix A, including location maps, while the analysis of the 2019 to 2020
monitoring program is described in Section 5 and in Appendix B. Conclusions are presented in Section 6.0.

A set of existing figures are provided as “reference sketches” including:

e The location plan for the LSMOC including all groundwater and surface water sampling sites visited and
sampled during 2019 and 2020.

e A copy of the draft stratigraphic profile along the Channel Centreline (September 2019 Figure 3 Rev A)
as submitted in the draft Geotechnical Data Report is included as a reference for the monitoring well
zone locations and general piezometric pressures along the channel alignment.

e The drawing showing preliminary bedrock aquifer piezometric pressures in the region of the LSMOC,
and the location of artesian spring sites

A separate memo on the groundwater flow system (e.g. water levels and related analyses) is being prepared.
The groundwater flow system was assessed during the analysis of regional geochemical background data and
can be summarized as follows:

Groundwater flow system boundaries: The groundwater flow system in the region of the LSMOC is
interpreted to be bound by discharge to naturally occurring spring sites, to Lake St. Martin, and to Lake
Winnipeg. Groundwater discharge is also likely to the Dauphin River to the northwest, and to the Mantagao
River to the east.
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Recharge Areas: Groundwater recharge areas local to the LSMOC are located on topographically high ground
areas with thin sediment cover south of Lake St. Martin, and somewhat to the southwest at the Lake St.
Martin Narrows where there are bedrock outcrops at ground surface as well.

Examining the geochemical signature of water samples provides insight into the groundwater flow system.
The geochemistry of the groundwater is influenced by the type of bedrock and surficial sediments, and the
length of the flow paths from the recharge areas to the discharge areas (i.e., the aquifer residence time). The
geochemistry of surface water is controlled by precipitation in contact with surficial materials in the drainage
basin, and in some cases surface water is mixed with a baseflow groundwater discharge, specifically in
topographically low areas comprised of streams, lakes, and wetlands.

Where groundwater and surface water are relatively isolated, groundwater geochemistry is typically more
mineralized, and geochemical signatures are distinct. Given similar geology along a groundwater flow path,
greater mineralization would be expected with a greater residence time in the flow system (or aquifer) and
less mineralization would be expected for samples discharging much closer to their recharge source (e.g. low
aquifer residence time).

Where surface water sources are groundwater fed, a geochemical signature intermediate between end
member geochemical signatures of the groundwater system and surface water system can be present.
Artesian springs are a point source of direct groundwater discharge to surface, and may have a geochemical
signature that plots along the blended groundwater-surface water spectrum, depending on their size (e.g.
discharge flow rate), and the subsequent dilution from precipitation and other surface water runoff into a
spring pool.

The geochemical signatures of groundwater, surface water, and groundwater springs in the region have
been analyzed based on historic and more recent information to:

e Characterize the geochemical signature of each water system;

e Find patterns in the distribution of the water types;

e Look for evidence of groundwater discharge to surface, or lack of it;

e Infer relative groundwater flow path length/residence times; and

e Examine the influence of the Lake St. Martin Impact Structure and associated Gypsumville evaporite
deposit on the groundwater geochemistry in the vicinity of the LSMOC (if any).

This baseline information can be used to assess how construction and operation of the Lake St. Martin Outlet
Channel may affect groundwater/surface water interactions in the region, and help with Adaptive
Management planning.

2.0 METHODOLOGY

2.1 Data selection

Data was extracted from available project references including:

e 2013 surface water analyses for the LSMOC studies (KGS Group and North South Consultants 2016);
e 2019 to 2020 surface water groundwater analyses (KGS Group 2020) from the LSMOC studies.
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In addition, data from a previous study of water supply wells at the Dauphin River First Nation (for Manitoba
Infrastructure) was used since it includes the area monitored by the LSMOC project Sentinel wells (KGS Group
2011). Regional data from groundwater fed springs discussed in research papers was also included
(Leybourne, 2009). This spring data was also referred to in earlier studies, which were also reviewed
(McRitchie 1996, McRitchie and Kaszycki 1997). Data used for the assessment herein is given in the
appendices of each report section.

2.2 Isotope Analyses

2.2.1 OXYGEN 18 AND DEUTERIUM

The stable isotopes delta-Oxygen 18 (6 '80) and delta-deuterium (& 2H) are used as surface water tracers in
water quality studies. These isotopes are conservative tracers, reflecting the origin of the water. Recent
precipitation and relatively young groundwater generally have less negative values of § 180, while older saline
water or old glacial waters generally have more negative values. Surface water containing fresh snowmelt
during spring runoff or river flood stages would typically have more negative § 180 values, than the flow
during other parts of the year, so seasonal interpretation is also required. Values are presented as § 20
VSMOW %, (Vienna Standard Mean Ocean Water). Studies on surface water such as the Red River have
measured spring flood & 30 values as low as -20 %., while fresh precipitation and relatively recent-age
groundwater was in the range of -13 to -15 %. (Fritz et. al. 1975). The more saline, older groundwater (such as
that found west of the Red River in southern Manitoba) has a different isotopic composition, with § 20
values as low as -20 %o..

2.2.2 TRITIUM

Tritium analyses are used to determine the age of a water sample. Tritium is a radioactive isotope of
hydrogen that is a by-product of atmospheric testing of nuclear weapons beginning in 1953. Atmospheric
concentrations of tritium rose and decreased rapidly in response to this testing with values leveling out since
2008. Water samples can be classified as receiving atmospheric recharge before 1953 (pre-modern) or 1953
and after (modern) (Lindsay and others 2019). Samples can also be a mixture of pre-modern water and
modern water. Tritium values can correlate well to other indicators of relative groundwater age such as
stable isotopes (6 80 and deuterium), along with geochemical parameters, enabling a description of the
recharge regime of the area. Values are reported in tritium units (TU).

2.3 Geochemical Analysis

2.3.1 SAMPLE SUMMARY REPORTS

The software tool AquaChem by Waterloo Hydrogeologic was used to characterize the geochemistry of the
samples and create water quality plots. Sample summary sheets generated by AquaChem are given for each
sample in each data set showing ion balances, major ion percentages, water type and several ion ratios which
are characteristic of natural waters.
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2.3.2 DUROV PLOTS

Multiple water types can be compared using a Durov plot. First the milliequivalents per litre (meq) of each
cation and ion is calculated from the laboratory water quality data. The total cations and the total anions are
set equal to 100%. Cations and anions are plotted on adjacent ternary plots. The intersection of the data is
shown on a central rectangular plot. Side plots show the actual pH and conductivity values for each point.
Durov plots can be used to differentiate between different water types, which plot in different sections of the
central rectangular plot. Similar water types tend to cluster within the same region of the central rectangular
plot. The plot can also be used to infer the origin of the water or mixing processes between water types.
Mixed water types tend to plot between “end members” in the central rectangular plot. Seasonal changes or
changes through time can also be investigated.

For ease of discussion, the 25 boxes on the Durov plot are numbered beginning in the left-hand corner from
top to bottom and left to right.

2.3.3 STIFF DIAGRAMS

Individual water types can be compared using Stiff diagrams that display the relative concentrations of major
ions expressed in milliequivalents per litre (meq). The lengths of the polygon sides illustrate the major ion
concentrations, and plots of different shapes indicate different “fingerprints” of water qualities. Similar water
types have a similar plot shape and would be generally expected to originate from the same source. Stiff
diagrams prepared for different years can be used to determine water quality changes over time. Stiff
diagrams for the site and historic and regional data are shown in each section.

2.3.4 ION RATIOS

The ratios of certain common ions can be used to group water types. These ratios are shown on the Sample
Summary Reports for each section. Scatter plots of magnesium (Mg) to calcium (Ca) ratios and sulphate (SOa)
to chloride (Cl) concentrations were also prepared. A line showing a 1:1 ratio was added to provide a
reference on some plots.

2.3.5 INDICATOR IONS

Concentrations of fluoride, boron and strontium have been noted to be elevated in some parts of the Lake St.
Martin basin and are discussed in regional references (Desbarats 2003, Desbarats and Pyne 2004, Simpson
and Desbarats 2003). Concentrations of these ions were examined for the data sets. Average concentrations
were calculated for each sample and plotted for comparison with similar source waters.

2.4 Lines of Evidence for Water Quality Associations

Lines of evidence for water quality associations were summarized in tables for each data set. This analysis
seeks to integrate the various methods used to support an interpretation of water quality. A data package
has been produced for each study area as presented in the appendices including the data, sample summary
report and supporting graphs, plots, and tables. A table is included for each data set summarizing the
interpretations. Each text section presents an overview of the assessment.
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3.0 BACKGROUND REFERENCES

The references below were identified as pertinent to the study area and were reviewed and used in the

interpretation.

1.

10.

11.

12.

13.

Baldwin, J. 2017. Lake St. Martin Channel. Lake St. Martin and Lake Winnipeg Test Hole Logs and
Laboratory Testing Results. Internal Manitoba Infrastructure Memo. July 18, 2017.

Bourbonniere, R.A. (2009) Review of Water Chemistry Research in Natural and Disturbed Peatlands,
Canadian Water Resources Journal, 34:4, 393-414, DOI:10.4296/cwrj3404393

Desbarats, A.J. 2003. Hydrogeology of the Lake Saint-Martin Impact Structure, Manitoba Canada. In
Proceedings of the 56" Canadian Geotechnical Conference, 4™ Joint IAHCNC/CGC Conference, 2003
NAGS Conference.

Desbarats, A.J and M. Pyne. 2004. Groundwater Resources of the Lake Saint-Martin Area, Manitoba,
Geological Survey of Canada Open File 4624, 6 sheets, Scale 1:100,000.

ECOSTEM Ltd. 2017. Potential Wetland Responses to lake St. Martin Outlet Channel Operation if
Option 1 is Adopted for Reach 2. Prepared for KGS Group by ECOSTEM Ltd. May 2017.

Fritz, P., Drimmie, R.J., Render, F.W., 1974. Stable Isotope Contents of a Major Prairie Aquifer in
Central Manitoba, Canada. in Isotope Techniques in Groundwater Hydrology, Proceedings of a
Symposium organised by the International Atomic Energy Agency, v.1, p. 379-398.

KGS Group. 2011. Internal Memorandum Project Number 11-0300-18. Re: Dauphin River Artesian
Well Inventory and Well Protection Assessment. Dauphin River First Nation, Manitoba.

KGS Group. 2016. Assiniboine River and Lake Manitoba Basins Flood Mitigation Study; Lake
Manitoba and Lake St. Martin Outlet Channels Conceptual Design Stage 2- Final Report. January
2016.

KGS Group and North South Consultants. 2016. Lake St. Martin Emergency Relief Channel
Monitoring and Development of Habitat Compensation. Volume 3 - Water Quality. Prepared for
Manitoba Infrastructure and Transportation- November 2016. Draft Report.

KGS Group. 2019. Lake St. Martin Outlet Channel Preliminary Design Geotechnical Data Report.
Draft Rev. A, October 2019.

KGS Group. 2020. Lake St. Martin Outlet Channel Preliminary Design Report Rev.0_V.06.01 July,
2020.

KGS Group. 2021. LSMOC Groundwater and Surface Water Data 2019 to 2020. Data transmittal to
Manitoba Infrastructure.

Leybourne, M.1., Betcher, R.N., McRitchie, W.D, Kaszycki, C.A., and D.R. Boyle. 2009. Geochemistry
and stable isotopic composition of tufa waters and precipitates from the Interlake Region, Manitoba
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Canada: Constraints on groundwater origin, calcitization and tufa formation. Chemical Geology 260
(2009) 221-233.

14. Lindsey, B.D., Jurgens, B.C., and Belitz, K., 2019, Tritium as an indicator of modern, mixed, and
premodern ground-water age: U.S. Geological Survey Scientific Investigations Report 2019-5090, 18
p., https://doi.org/10.3133/sir20195090.

15. Manitoba Energy and Mines Geological Services, Manitoba Land Related Information System
(MLRIS), University of Alberta. The Wetlands of Manitoba: A 1:1,000,000 Summary Map (1997).

16. McRitchie, W.D. 1996. GS-25: Groundwater Geochemistry and structural investigations of Paleozoic
carbonates in Manitoba’s Interlake region. In Manitoba Energy and Mines, Minerals Division, Report
of Activities, 1996, p.143-152.

17. McRitchie, W.D. and C. Kaszycki. 1997. GS-22: Tufa Mounds, upwellings and gravity springs in the
central and northern Interlake region, Manitoba (parts of NTS areas 620,62P,63B and 63G). In
Manitoba Energy and Mines, Minerals Division, Report of Activities, 1997, p.133-146.

18. Simpson, S.L., A.J. Desbarats. 2003. Isotopic Characterization of Groundwaters in the Vicinity of the
Lake Saint-Martin Impact Structure, Manitoba Canada. In Proceedings of the 56t Canadian
Geotechnical Conference, 4t Joint IAHCNC/CGC Conference, 2003 NAGS Conference.

19. WSP. Lake Manitoba and Lake St. Martin Outlet Channel Project — Preconstruction Environmental
Field Work — Wetlands (CONS 15843). Project No. 20M-00910-00. November, 2020.

4.0 ASSESSMENT OF BACKGROUND STUDIES

4.1 Lake St. Martin Outlet Channel Area - Springs Sites (Leybourne and
others)

4.1.1 STABLE ISOTOPE TESTING

Appendix A-1, Table A-1-1 contains Lines of Evidence for water quality associations for the spring sites.
Appendix A-2 contains materials for the spring sites. Spring locations are shown in Appendix A-2-1 and A-2-2.
Water quality tables are shown in A-2-3. A sample summary report is included in A-2-4. Stable isotope testing
was reported in Leybourne (2009). The 5§80 values from the pool in the Mantagao River drainage was least
depleted (-10.2%o), likely from evaporation in the pool. Fens and pools south of Lake St. Martin were slightly
less depleted than other spring areas, with 520 values between -13%o to -14%., either from more recent
recharge, or evaporative influences. The fens north of Dauphin River (1070, 1087), the fen in the upland of
the lower Buffalo Creek drainage (1083), and the fens in the Mantagao River drainage and springs near lake
Winnipeg (1026, 1027, 1028, 1029, 1020 and 1096) had 520 values ranging rom -14.5 to -15.5%so.
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4.1.2 DUROV PLOT

The water type table and the Durov plot for the spring sites is shown in Appendix A-2-5 and A-2-6. Fourteen
spring sites were sampled in April 1997 (Leybourne 2009). These sites lie in 5 sub areas east of Lake St. Martin
as described in Appendix Table A-1-1.

e Fens north of Dauphin River;

e Fenin upland of lower Buffalo Creek drainage;

e Pool in upper Mantagao River (drainage east of channel alignment);

e Fens in Mantagao River drainage and springs near Lake Winnipeg; and

e Fens and pool south of Lake St. Martin, within and outside the footprint of the Lake St. Martin impact
structure.

All but two of the locations plot in the upper left-hand side of the graph in rectangle 2, with the remainder
just below in rectangle 3 (1022- pool in Mantagao River drainage) and rectangle 8 (1083- fen in upland of
lower Buffalo Creek drainage). Conductivity is also highest at site 1083 - the fen in upland of lower Buffalo
Creek drainage at (1086 uS/cm). Conductivity is lowest in the fens and pool south of Lake St. Martin (lowest
reading 590 uS/cm).

The water type is magnesium-calcium-bicarbonate or calcium-magnesium bicarbonate for all locations except
two as follows:

e magnesium-calcium-bicarbonate-sulphate (1022- pool in upper Mantagao River Drainage)
e magnesium-sodium-calcium-bicarbonate-sulphate (1083 - fen in upland of lower Buffalo Creek
drainage)

4.1.3 STIFF DIAGRAMS

Stiff diagrams (Appendix A-2-7) for the remainder of the spring sites follow the water types grouped by letter.
The water type groups have been kept constant throughout this report for evaluation across the sites and not
all water types may be represented in a particular dataset.

e Group A- magnesium- calcium-bicarbonate for most of the springs

e Group B - magnesium-calcium-sodium-bicarbonate (none)

e Group C- magnesium-calcium-bicarbonate-sulphate (spring 1022)

e Group D- Magnesium-calcium-sodium-bicarbonate-sulphate (none)

e Group E-magnesium-sodium-calcium-bicarbonate-sulphate (spring 1083)

4.1.4 ION RATIOS

lon ratios are shown in the Sample summary report Appendix A-2-4 and in the plots in Appendix A-2-8.

e Magnesium/Calcium — Fens and pool south of Lake St. Martin are most enriched in magnesium.

e Sulphate/Chloride — Fens and pools on the south side of LSM had close to a 1:1 sulphate to chloride
ratio, while the pool in the upper Mantagao River drainage and the fens in the Mantagao River drainage
and springs near Lake Winnipeg had the highest sulphate to chloride ratios.
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4.1.5 INDICATOR METALS (BORON, STRONTIUM AND FLUORIDE)

Indicator metals are shown on the water quality tables in Appendix A-2-3. The highest boron concentrations
were in the pool in the upper Mantagao River drainage (spring 1022). The highest fluoride and strontium
concentrations were found north of the Dauphin River (springs 1070, 1087). Strontium was also most
elevated in the fen in the upland of the lower Buffalo Creek Drainage (spring 1083) and the pool in the upper
Mantagao River drainage (spring 1022).

4.2 Lake St. Martin Outlet Channel Area - Surface Water Monitoring
(2013)

4.2.1 DUROV PLOT

Appendix A-1, Table A-1-2 contains Lines of Evidence for water quality associations for the 2013 surface
water sampling. Appendix A-3 contains materials for the surface water. Surface water locations are shown in
Appendix A-3-1. Water quality tables are shown in A-3-2. A sample summary report is included in A-3-3.

Surface water locations include:

e LSM1 — Lake St. Martin near Reach 1 Emergency Channel inlet site

e DR1- Dauphin River at discharge of Buffalo Creek

e DR2C - Dauphin River at discharge to Lake Winnipeg

e EC1 and EC2 —Reach 1 Emergency Channel Upstream Buffalo Creek before Big Buffalo Lake (BBL)

e BBL- Big Buffalo Lake

e BC1 and BC3 — Downstream of Big Buffalo Lake — BC3 is close to Dauphin River and gets a large
groundwater discharge from springs along the west end of Buffalo Creek. BC1 will get input from any
groundwater discharge to Big Buffalo Lake.

The water type table is shown in Appendix A-3-4. The Durov plot for the surface water sites is shown in
Appendix A-3-5. Eight surface water sites were sampled in 2013.

The surface water plot is distinct from the plot of spring samples (Section 4.1) and groundwater samples
(Section 5.2.5). Samples from Big Buffalo Creek BC1 and BC3 lie in rectangle 3 and show the most
groundwater influence (since most of the groundwater and spring samples in other areas plot in quadrant 2).
Reach 1 Emergency channel samples EC1 and EC2 and the May 2013 sample from Big Buffalo Lake plot in
rectangle 8, slightly further from the groundwater type along reach 2 and 3 (Section 5.2.5). The sample from
March 2013 from Big Buffalo Lake plots even further at the edge of rectangle 8 than the May sample,
showing seasonal influence. The higher chloride in the Big Buffalo Lake and EC1 and 2 samples may be
related to higher chloride in the local bedrock groundwater; however, bedrock groundwater was not sampled
in this area. If so, the higher chloride in March 2013 could be from groundwater discharge prior to spring
precipitation.

The water quality for Lake St. Martin Inlet and the two Dauphin River Samples plot together, in rectangle 14
as they are one source, due to the higher sodium and chloride content of the water. These samples are
elevated in electrical conductivity, hardness, alkalinity, chloride, sulphate, sodium, and strontium; while the
samples from EC1 and EC1 on Reach 1 are elevated in sulphate.
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Conductivity is highest in Lake St. Martin and the Dauphin River (1300 uS/cm), lowest at BC1 and BC3 on
Buffalo Creek (300 to 400 uS/cm) and slightly higher than that on Reach 1 and Big Buffalo Lake (520 uS/cm).

The water types are as follows:

e magnesium-calcium-sodium-bicarbonate (BC1 and BC3)

e magnesium-calcium-sodium-bicarbonate-sulphate (EC1 and EC2)
e sodium-magnesium-chloride bicarbonate (LSM1, DR1, DR2C)

e magnesium-calcium-sodium-bicarbonate-chloride (BBL)

4.2.2 STIFF DIAGRAMS

Stiff diagrams (A-3-6) follow the water types grouped by letter. The water type groups have been kept
constant for evaluation across the sites and not all water types have samples from this location.

e Group A- magnesium- calcium-bicarbonate (none)

e Group B - magnesium-calcium-sodium-bicarbonate (BC1 and BC3)

e Group C- magnesium-calcium-bicarbonate-sulphate (none)

e Group D- magnesium-calcium-sodium-bicarbonate-sulphate (EC1 and EC2)
e Group E-magnesium-sodium-calcium-bicarbonate-sulphate (none)

e Group F- sodium-magnesium-chloride bicarbonate (LSM1, DR1, DR2C)

e Group G- magnesium-calcium-sodium-bicarbonate-chloride (BBL)

4.2.3 ION RATIOS

lon ratios are shown in Appendix A-3-7.

e Magnesium/Calcium — Lake St. Martin and the Dauphin River samples and EC1 and EC2 are enriched in
magnesium, while BBL, BC1 and BC3 plot closer to a 1:1 ratio.

e Sulphate/Chloride — All samples are enriched in chloride except EC2 (close to 1:1 ratio), and EC1
(enriched in sulphate). Lake St. Martin and Dauphin River samples are most enriched in sulphate.

4.2.4 INDICATOR METALS (BORON, STRONTIUM AND FLUORIDE)

Indicator metals are shown in the water quality tables in Appendix A-3-2. Boron, and strontium were higher
in the Lake St. Martin and Dauphin River than the other locations. No difference in boron or fluoride were
found across the drainage from Reach 1 through BC3. Strontium decreases across the drainage from BBL
through BC3.

4.3 Dauphin River First Nation Domestic Well Study (KGS Group 2011)

4.3.1 DUROV PLOT

Appendix A-1, Table A-1-3 contains Lines of Evidence for water quality associations for the 2011 domestic
well sampling at Dauphin River First Nation (DRFN). Appendix A-4 contains materials for the DRFN sampling.
Locations are described generally in Table A-1-3 and are all north of the Dauphin River in the community.
Water quality tables are shown in A-4-1. A sample summary report is included in A-4-2.

KG s Manitoba Infrastructure 9

GROUP LSMOC | Groundwater Quality Assessment



KGS: 18-0300-05| July 2021

Domestic well locations were all on the north side of the Dauphin River. Wells 80,98,104/105 were furthest
upriver, while well 5 was closest to Lake Winnipeg and wells 67 and 32/33, 34 and 35/36 were intermediate
location.

The water type table and Durov plot for the domestic wells are shown in Appendix A-4-3 and A-4-4. Eight
domestic wells were sampled in 2013. The domestic wells furthest up-stream on the Dauphin River (104, 105,
98 and 80) group together in rectangle 8 along with well 5 and well 67. Wells 32/33, 34, and 35/36 plot in
rectangle 3.

Conductivity is highest in the wells furthest upstream (80, 98, 104, 105) (950-1000 uS/cm), moderate at wells
5 and 67 (800 to 825 uS/cm) and slightly lower (775 uS /cm) at the other wells.

The water types are as follows:

e Magnesium- calcium-bicarbonate (32/33, 34, 35/36)

e magnesium-calcium-sodium-bicarbonate (67)

e magnesium-calcium-sodium-bicarbonate-sulphate (5)

e magnesium-sodium-calcium-bicarbonate-sulphate (80, 98, 104/105)

4.3.2 STIFF DIAGRAMS

Stiff diagrams (Appendix A-4-5) follow the water types grouped by letter. The water type groups have been
kept constant for evaluation across the sites and not all water types have samples from this location.

e Group A- magnesium- calcium-bicarbonate (32/33, 34, 35/36);

e Group B - magnesium-calcium-sodium-bicarbonate (67);

e Group C- magnesium-calcium-bicarbonate-sulphate (none);

e Group D- magnesium-calcium-sodium-bicarbonate-sulphate (5);

e Group E-magnesium-sodium-calcium-bicarbonate-sulphate (80, 98, 104/105);
e Group F- sodium-magnesium-chloride bicarbonate (none); and

e Group G- magnesium-calcium-sodium-bicarbonate-chloride (none).

4.3.3 ION RATIOS
lon ratios are shown in Appendix A-4-6.
e Magnesium/Calcium — All samples were enriched in magnesium.

e Sulphate/Chloride — all samples were enriched in sulphate.

4.3.4 INDICATOR METALS (FLUORIDE)

Indicator metals are shown in the water quality table inn Appendix A-4-1. No differences in fluoride were
noted in the samples. Boron and strontium were not analysed for these samples.
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5.0 LSMOC MONITORING 2019 TO 2020

Monitoring locations are shown on reference sketch, Figure 1. Lines of evidence for water quality
associations are shown in Appendix B-1. Groundwater and surface water tables (Appendix B-2) were
submitted separately and have not been reproduced here. Groundwater and surface water types are shown
in Appendix B-3.

5.1 Stable Isotopes

5.1.1 SURFACE WATER

Stable isotope results and plot are shown in Appendix B-4. The stable isotopes delta-Oxygen 18 (6§80
VSMOW %.) and delta-deuterium (82H) are used as surface water tracers in water quality studies. These
isotopes are conservative tracers, reflecting the origin of the water. Surface water containing fresh snowmelt
during a spring runoff would typically have more negative 6§30 values, in comparison to other times of the
year. Less negative §'80 values would be expected later in the season, particularly in lakes where evaporation
occurs. Groundwater generally has more negative §'80 values than surface water. Within the range of
groundwater values samples in areas of recent recharge has less negative 6 80 values, while more negative
values can indicate older water.

A plot of §'80 values and deuterium values is presented in Appendix B-4-2. Values are given in Appendix B-4-
1. The discussion below rounds off these values to whole numbers for a general comparison.

Lake St. Martin (LSMOC Inlet) and Lake Winnipeg (LSMOC Outlet) isotopes plot as typical large body surface
water with Lake St. Martin the least negative 680 at -7 to -8 % (likely because of its smaller size) and Lake
Winnipeg at -8 to -9%.. Both plot to the right of the meteoric water line indicating evaporative conditions of a
surface water body.

Surface water along Buffalo Creek also plots as a typical surface water, but with slightly more negative 680
than the large lakes, likely because of groundwater contribution to the surface water drainage in Buffalo
Creek. This includes (BC-02, west of channel Station 13+000 and BC-05 further downstream in the westward
reach of the creek), which plots at -10 to -11%.. The 8§80 values at BC-05, further downstream, are slightly
more negative than BC-02 at -11 to -12%., likely due to an increasing groundwater flow component from
spring discharges in the Buffalo Creek drainage basin. Both have a slight evaporative component, less than
the large lakes, but comparable to some of the groundwater samples.

The upstream tributaries of Buffalo Creek on either side of the LSMOC alignment CR3-1 and CR3-2 have more
negative 880 than either of the other Buffalo Creek samples at -12 to -13%., but with no evaporative
component. The isotopic signature is typical of a groundwater fed surface water source. These points are
upstream of BC-05 and provide some of the groundwater component to that location.

Surface water collected in the Reach 3 channel near PW19-KGS-03, varies from spring 680 values of -11%o,
like surface water at BC-05 (and in one case with a more evaporative signature) to fall values of -13 to -14%.
that plot like groundwater, including the groundwater at the adjacent bedrock well PW19-KGS-03 (-13 to -
15%.). Groundwater discharge makes up the bulk of the flow in the fall, while surface water dominates in the

spring.
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5.1.2 PEAT

Only one monitoring well installed in peat was sampled for isotopes (TH19-KGS-100) located near channel
Station 9 + 000. This well shows an 8§80 signature like groundwater of -14.8 %, and plots like groundwater
well TH19-KGS-18. The peat is separated from the bedrock by an extensive thickness of till.

Wetlands mapping in this area (Manitoba Energy and Mines Geological Services and others, 1997) shows the
alignment to pass through an extensive bog and fen complex as well as shrubby fen to wooded fen. A
discussion of these northern Canadian fens developed in carbonate bedrock regions, describes their
groundwater source and associated chemistry (Bourbonniere, 2009). The isotopic groundwater signature of
the peat water sample collected combined with the major ion analysis discussed below indicates that the
peat wetland system is part of a fen, largely fed by surface water and also by groundwater discharge
(springs), rather than only the precipitation dominated (lower flow) bog systems common in other regions.

Wetland mapping in the Buffalo Lake wetland complex west of the LSMOC channel present Reach 2 and
Reach 3 alignment in 2011 (pre- operation for Reach 1) showed fen covered approximately 62% of total
wetland complex area with bog covering approximately 33% of the area (ECOSTEM Ltd. 2017). Wetland
mapping along the channel alignment was also conducted, and indicated areas of fen wetland types (WSP,
2020).

5.1.3 TILL

Only one monitoring well installed in till was sampled for isotopes, TH19-KGS-20, located at the end of Reach
1. This well shows an 60 signature like groundwater of -14.8 %o.

5.1.4 BEDROCK MONITORING WELLS AND SENTINEL WELLS

Groundwater Recharge - Stable Isotope testing

The 680 values from the bedrock monitoring wells and Sentinel wells range from -13.6%o to -16.3%e.. The
only wells with values more negative than -15.5%o are TH19 KGS-12 (most negative -16.3%o) located mid-way
along the channel, Sentinel Well 3 (-15.6%o) and Sentinel Well 2 (-15.8%o), both located on the north side of
the Dauphin River. Although all these values are typical of active recharge as opposed to very old water, the
more depleted values at these locations may indicate a lower rate of recharge.

All the points lie either on the meteoric water line, or slightly to the right of the line except TH19-KGS17 and
TH19-KGS 13, which lie furthest to the right of the line.

Groundwater Age- Tritium Sampling

Tritium values are shown on Table B-4-1. Tritium values were sampled for 7 monitoring wells and 1 surface
water location in October 2019 and two sentinel wells in September 2019. Two wells and one surface
location had higher tritium values from 8.2 to 10.7 TU (+/- 0.8 TU). The remainder of the monitoring wells
had tritium values less than detection (0.8 TU +/- 0.2 TU).

A recent study by the USGS (Lindsay and others 2019) summarizes practice in setting thresholds for tritium
concentrations to classify groundwaters as pre-modern, mixed, or modern.
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Since tritium has a half life of 12.32 years, the tritium concentration in groundwater receiving precipitation
1953 and after would decrease as the tritium decayed. The study gives an example for a latitude/longitude
within the northern plains comparable to Sioux Falls South Dakota. An estimate of average background
precipitation from 2008 to 2012 of 9.53 TU was used. For this region, threshold values of 2.89 TU were
calculated for modern groundwater (e.g. very recent recharge), and 0.28 TU for premodern (old, long
residence time) groundwater. Values in between would represent mixed groundwater ages. This example
provides a reasonable approximation for a general interpretation of study data.

For the LSMOC sampling, although detection limits below 0.8 TU are available (to 0.1 TU), this ultra-low level
testing was not warranted for this project scope. Therefore, tritium values found below detection (<0.8 TU)
are assumed to be in the pre-modern (before 1953) to mixed pre-modern and modern age (1953 and after)
groundwater. These below detection limit (e.g. old, long residence time groundwaters) are listed in order of
decreasing evidence of recent recharge, as shown by §'80 and deuterium measurements for the same date.

e TH19-KGS 12 (most evidence of recent recharge)

e TH19-KGS17 - Reach 3

o SW19-KGS-02 - Sentinel well north of Dauphin River

e SW19-KGS-03- Sentinel well north Dauphin River

e TH19-KGS-19- Reach 3 near outlet

e PW19-KGS-02

e PW19 —KGS-01 Proposed Water Control Structure (least evidence of recent recharge)

Conductivity for this group of wells range from 591 to 841 uS/cm.
Modern age groundwaters (i.e. recharge to the aquifer occurring 1953, or thereafter) were found at:

e PW19-KGS-03 (Reach 3)
e SW-R3 surface water/groundwater discharge in channel
e TH19-KGS 18 Reach 3

Conductivity at KGS 03 and SW R3 ranges from 456 to 550 puS/cm and conductivity at KGS 18 is higher at 908
uS/cm.

5.2 Water Quality

5.2.1 OVERVIEW

Data from the 2019 to 2020 surface water and groundwater analysis was transmitted to Ml in 2021 and
included a summary statistical table of water quality parameters for the data set as a whole. Statistical
analysis of subsets of this data is recommended as the project background monitoring proceeds, particularly
where parameters have shown wide ranges that may be due to well completion in different zones (peat, till
or bedrock) or in different geographic areas of the project. This work has not been completed for the current
scope of work.
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5.2.2 SURFACE WATER
5.2.2.1 Durov Plot

Durov plots could not be done for surface water points except for SWR-3 since other locations were not
sampled for major ions. The sample summary report is shown in Appendix B-5-1 and the Durov plot is shown
in Appendix B-5-2. This sample plots in the upper left of the central portion of the graph in rectangle 2.
Conductivity values varied widely from spring 2019 (approx. 450 uS/cm) to Fall 2019 (approx. 175 uS/cm)
during a period of extreme high precipitation; however, the water type remains similar at magnesium-
calcium-bicarbonate as shown in Appendix B-3. The stiff diagram is included with the bedrock wells in
Appendix B-8-3.

Expanded chemical analysis is proposed for surface water sites in 2021 to better define groundwater
geochemistry.

5.2.3 PEAT WELLS
5.2.3.1 Durov Plot

The sample summary report for the peat wells is shown in Appendix B-6-1. The Durov plot for the peat wells
is shown in Appendix B-6-2. Nine peat wells were sampled once in March 2019. Eight of these wells plot
closer in the top left of the Durov plot in rectangle 2, while one sample (TH-19-18A) is found in the lower left
in rectangle 4. Conductivity varies widely from approximately 460 uS/cm at TH-10-KGS-13, to 846 uS/cm at
TH19-KGS-19A. The water type is magnesium-calcium-bicarbonate or calcium-magnesium bicarbonate except
for TH19-KGS18A, which was sodium-calcium-magnesium-bicarbonate as shown in Appendix B-3.

5.2.3.2 Stiff Diagrams

Stiff diagrams are shown in Appendix B-6-3. Shapes are similar except for TH19-KGS-18A, which has a higher
percentage of sodium.

5.2.3.3 lon Ratios
lon ratios are shown in the sample summary report (Appendix B-6-1) and in the plots in Appendix B-6-4.
e Magnesium/Calcium -The magnesium/calcium plot generally follows the 1:1 ratio trend line with
samples plotting both on the line and to either side of the line.

e Sulphate/Chloride - The sulphate/chloride plot shows four wells (TH19-KGS-11A, TH19-KGS-13A, TH19-
KGS-14A, and TH19-KGS17A) that plot close to the 1:1 ratio, with the other wells more scattered.

5.2.3.4 Indicator Metals Histograms (Boron, Strontium and Fluoride)

The indicator metals histograms are shown in Appendix B-6-5. Two wells have higher boron and strontium
(TH19-KGS-100, TH19-KGS-19A); two wells have higher fluoride and strontium (TH19-KGS-03A, TH19-KGS -
07A); one well has higher fluoride only (TH19-KGS-14A) and one well higher boron only (TH19-KGS 11A).

5.2.4 TILL WELLS
5.2.4.1 Durov Plot

The sample summary report for the till wells is shown in Appendix B-7-1. The Durov plot for the peat wells is
shown in Appendix B-7-2. Seven till wells were sampled once in March 2019. One of these wells plots closer
in the top left of the Durov plot in rectangle 2 (TH19-KGS16B), while four samples plot below in rectangle 3

KG s Manitoba Infrastructure 14

GROUP LSMOC | Groundwater Quality Assessment



KGS: 18-0300-05| July 2021

(TH19-KGS-07, TH19-KGS-12B, TH19-KGS-17 B). One well plot to the right in rectangle 13 (TH19-KGS-02B)
located at the proposed Water Control Structure and another well plots in the lower left in rectangle 4 (TH19-
KGS20) at the inland end of Reach 1. Conductivity is highest at TH19-KGS-02B at the proposed Water Control
Structure (1970 uS/cm), and is very high compared to other bedrock, till or peat measurements found. Most
of the conductivity values fall between 790 and 945 uS/cm, with two lower values between 470 and 654
uS/cm. The water type is magnesium-calcium-bicarbonate or calcium-magnesium bicarbonate except for
TH19-KGS17B (magnesium bicarbonate), TH19-KGS-02B (magnesium-sodium-calcium-sulphate-bicarbonate),
and TH19-KGS-20 (sodium-magnesium-bicarbonate-sulphate).

5.2.4.2 Stiff Diagrams

Stiff diagrams are shown in Appendix B-7-3. Shapes are similar for TH19-KGS-07, TH19-KGS-12B and TH19-
KGS-17 B, with unique shapes for the remaining wells.

5.2.4.3 lon Ratios
lon ratios are shown in the sample summary report (Appendix B-7-1) and in the plots in Appendix B-7-4.

e Magnesium/Calcium — All but one sample (TH19-KGS16B) plots left of the 1:1 ratio line indicating
enrichment with magnesium.

e Sulphate/Chloride — The samples do not follow the sulphate/chloride plot 1:1 ratio line. The wells have
varying concentrations of sulphate. Four wells (TH19-KGS-11A, TH19-KGS-13A, TH19-KGS-14A, and
TH19-KGS17A) plot close to the 1:1 ratio, while the other wells are more scattered.

5.2.4.4 Indicator Metals Histograms (Boron, Strontium and Fluoride)

The indicator metals histograms are shown in Appendix B-7-5. The highest boron values were found at TH19-
KGS-02B and TH19-KGS12B, the highest fluoride values were found at TH19-KGS20, TH19-KGS-07, TH19-KGS-
12B, TH19-KGS17B; the highest strontium numbers were found at TH19-KGS02-B and TH19-KGS-17B.

5.2.5 BEDROCKMONITORING WELLS AND SENTINEL WELLS
5.2.5.1 Durov Plot

The sample summary report for the bedrock wells and sentinel is shown in Appendix B-8-1. The Durov plot is
shown in Appendix B-8-2. Nineteen bedrock monitoring wells and 3 bedrock Sentinel wells were sampled
from one to five times between March 2019 and October 2020. All the bedrock monitoring wells lie along the
channel alignment channel. The Sentinel wells are located to the west in the Dauphin River First Nation; two
on the north side of the Dauphin River (Sentinel well 2 and 3) and one on the south side (Sentinel well 1).

About half of the wells plot in the upper left-hand side of the graph in rectangle 2, with the remainder just
below in rectangle 3, except for Sentinel well 2 and 3 on the north side of the Dauphin River and TH19-KGS-
04 in reach 2 of the channel alignment (which plots further to the right in rectangle 8). Conductivity is also
highest at Sentinel well 2 and 3 and TH19-KGS-04 (913 uS/cm to 1240 uS/cm). Conductivity at TH19-KGS 18
varies widely from 566 uS/cm in June 2020 to 1040 uS/cm in March 2019. This variability is not characteristic
of the rest of the wells. Conductivity at the other wells ranges from 535 to 900 uS/cm. The water type is
magnesium-calcium-bicarbonate or calcium-magnesium bicarbonate for most of the wells except as follows:

e Magnesium-calcium-bicarbonate-sulphate (PW19-KGS-02, TH19-KGS-01B, TH19-KGS-19 March 2019
only)
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e Magnesium-calcium-sodium-bicarbonate-sulphate (TH19-KGS-04, TH19-KGS-11)
e Magnesium-sodium-calcium-bicarbonate-sulphate (Sentinel wells 2 and 3)
e Magnesium-calcium-sodium-bicarbonate (Sentinel well 1)

5.2.5.2 Stiff Diagrams

Stiff diagrams are shown in Appendix B-8-3. Stiff diagrams for the remainder of the wells follows the water
types grouped by letter as follows:

e Group A- magnesium-calcium-bicarbonate or calcium-magnesium bicarbonate for most of the wells

e Group B - magnesium-calcium-sodium-bicarbonate (Sentinel well 1 March 2019 only)

e Group C- magnesium-calcium-bicarbonate-sulphate (PW19-KGS-02, TH19-KGS-01B, TH19-KGS-19
March 2019 only

e Group D- Magnesium-calcium-sodium-bicarbonate-sulphate (TH19-KGS-04, TH19-KGS-11)

e Group E-magnesium-sodium-calcium-bicarbonate-sulphate (Sentinel wells 2 and 3)

Stiff diagrams for sentinel wells are plotted together on the first page of the plots. Water type with increasing
sodium and sulphate can be seen from the south side of the Dauphin River (Sentinel well 1) to the north side
of the Dauphin River (Sentinel well 2 and 3). The Dauphin River forms a geochemical boundary in this area
based on the observed differences in geochemistry, forming a discharge boundary condition of the aquifer.
Water quality at Sentinel well 1 located closest to lake Winnipeg also becomes fresher in the spring changing
to the magnesium-calcium-bicarbonate water, which is typical of the water quality within most of the
bedrock wells along the LSMOC channel.

5.2.5.3 lon Ratios

lon ratios are shown in the sample summary report (Appendix B-8-1) and in the plots in Appendix B-8-4.

e Magnesium/Calcium — All but two samples (TH19-KGS18 and one date for PW19-KGS-03) plot left of the
1:1 ratio line indicating enrichment with magnesium. For TH19-KGS18, the June sample, which differs
from the others, plots to the right.

e Sulphate/Chloride — The samples do not follow the sulphate/chloride plot 1:1 ratio line. The wells have
varying concentrations of sulphate.

5.2.5.4 Indicator Metals Histograms (Boron, Strontium and Fluoride)

The indicator metals histograms are shown in Appendix B-8-5. Boron, fluoride, and strontium are all elevated
at TH19-KGS-11. Strontium is elevated at TH19-KGS-19.

5.3 Conclusions

1. The groundwater system around the Lake St. Martin Outlet Channel (LSMOC) is characterized by
local groundwater recharge in high elevation ground areas surrounding Lake St. Martin (in particular
to the south-southeast of the north basin of Lake St. Martin), and a discharge groundwater system
with boundary conditions including Lake St. Martin and Lake Winnipeg. Regional groundwater
discharge occurs to Lake St. Martin, and to Lake Winnipeg. Dauphin River, and the artesian spring
sites throughout the region (including to the east along the Mantagao River), also are a significant
part of the aquifer discharge system.
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2. Strong upward gradients between the piezometric surface of the bedrock aquifer and the overlying
till aquitard indicate groundwater discharge conditions (to flowing artesian conditions) for the
bedrock aquifer throughout most of the channel alignment. In the downstream areas of the existing
Reach 3 channel, upward gradients are not as strong, and there are locally downward gradients
between the till aquitard and bedrock aquifer beyond approximately Sta. 18+500 of the LSMOC.
These downstream areas of the LSMOC are within an area of pressure relief for the regional bedrock
aquifer groundwater discharge system, a natural result of the many groundwater artesian spring
discharge sites near Lake Winnipeg. Including within areas of artesian spring site discharge, the
bedrock aquifer remains confined by the till aquitard (i.e. the bedrock aquifer piezometric pressure
rises above the bedrock-till stratigraphic contact), and throughout the region of the LSMOC.

3. The bedrock aquifer is covered by a thick deposit of till, forming a low permeability aquitard, except
along Reach 3 where bedrock is shallower and is exposed within the existing Reach 3 emergency
channel. Despite the bedrock exposure and the upward gradients from the bedrock aquifer to the
channel in this area, baseflows of bedrock aquifer groundwater to the channel measured by KGS
Group were low, indicating very low bedrock transmissivity in this area.

4, An extensive system of artesian groundwater springs is present in the region and has been
documented by previous researchers, including southwest of Buffalo Creek between the channel
alignment and the Dauphin River, east of the channel alignment draining to Mantagao River, along
the shores of Lake Winnipeg, and on the southeast side of the north basin of Lake St. Martin. These
spring sites are direct discharges of the bedrock aquifer system to the surface water system. The Big
Buffalo Lake wetland system is also thought to be groundwater fed, though there has been limited
water quality sampling available for geochemical analyses in this area to confirm this conclusively, to
date.

5. Analysis of the geochemistry of the artesian spring discharge groundwater data (collected by others)
shows that it is typical of bedrock groundwater geochemistry found in project wells along the LSMOC
channel alignment.

6. Groundwater quality and geochemistry in the Lake St. Martin impact zone near Gypsumville has
been documented by researchers and has a characteristically higher concentration of total dissolved
solids including sulphate and sodium as well as boron, fluoride, and strontium. This type of water
was not found either in the artesian spring studies (by others) or the current studies of groundwater
quality in the LSMOC project area. The LSMOC project area does not appear to be part of the
groundwater flow system originating from the Lake St. Martin impact crater zone. There was no
evidence found in the current groundwater data in the vicinity of the LSMOC, of any long-distance
groundwater flow paths from the impact crater region, surfacing in the groundwater flow system
within the LSMOC project area.

7. Surface water samples, collected just downstream of Big Buffalo Lake and further downstream on
Buffalo Creek (just prior to the discharge at Dauphin River) are geochemically similar, and are
representative of bedrock groundwater quality. The lower reaches of Buffalo Creek receive a heavy
groundwater discharge contribution from artesian spring sites draining to the west reach of Buffalo
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Creek. The groundwater signature in the upper reaches of Buffalo Creek is expected to be a result of
groundwater discharge from the upgradient Big Buffalo Lake wetland system area, and other
artesian groundwater springs in the region. Samples from Big Buffalo Lake show a geochemistry
more like the waters within the Reach 1 emergency channel, than those that are distinctly
groundwater related in the downstream drainage of Buffalo Creek. Further sampling and water
quality assessment at Big Buffalo Lake may clarify the geochemical signature of any groundwater
discharge to the Big Buffalo wetland system.

Currently available surface water samples were analyzed for limited parameters, except for a single
location in the Reach 3 emergency channel, where fall and summer samples were taken. Although
both samples show a groundwater type water quality, the groundwater signature is more
pronounced in the fall when surface runoff and associated precipitation is lower. This sample shows
the transition from bedrock groundwater type water in the fall to a more typical surface water type
in the spring, when runoff and precipitation to the Reach 3 emergency channel is generally greater.

The surficial deposits in the region of the LSMOC are dominated by wetlands, including bog and fen
complexes, open to shrubby fen and wooded to forested fen.

The geochemistry of surface water samples collected from the perched peat deposits show a similar
chemistry to the bedrock groundwater, including a more neutral pH and a carbonate geochemical
signature. These samples were collected prior to the spring melt in 2019 when surface water
contribution would be lowest and groundwater contribution would be highest. Groundwater
discharge to artesian springs at numerous locations in the LSMOC watershed appears to control the
surface water chemistry in the perched peat and fen surface water system overall, as well as the
chemistry of the wetlands and fens themselves. Even in areas where the thick low permeability till
aquitard prevents direct discharge of bedrock groundwater to the surface, the water quality in the
peat and fens has a bedrock groundwater signature, presumably due to artesian spring discharge in
other locations in the region of the LSMOC.

The till groundwater geochemistry is unique from the bedrock aquifer groundwater geochemistry,
and surface water geochemistry, and shows generally higher dissolved solids and more frequent
elevated percentages of sulphate and chloride than in the bedrock groundwater or surface water
system. One well at the proposed location of the Water Control Structure is atypically high in
dissolved solids and sulphate. The low permeability of the till limits any water influx into the till,
either from discharge from fresher groundwater below, or recharge from fresher surface water and
wetland sources perched above the till. The integrity and functioning of the till aquitard is
demonstrated by its thickness and low permeability characteristics, combined with its unique
groundwater geochemistry, and with the observation of upward gradients (to flowing artesian
conditions) and because it demonstrates a confining condition for the underlying bedrock aquifer
throughout the region of the LSMOC.

Bedrock groundwater geochemistry north of the Dauphin River in Dauphin River First Nation
(including domestic wells and project sentinel wells) is distinct from groundwater found south of the
river (including a sentinel well and bedrock wells along the channel alignment). A higher proportion
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of sulphate and chloride is found in the wells north of the Dauphin River. This would indicate that the
Dauphin River is a discharge boundary condition of the regional aquifer.

Bedrock groundwater geochemistry along the channel alignment is generally similar and consistent,
with a few wells showing more mineralized conditions, with higher dissolved solids and sulphate.
One well near the end of the channel towards Lake Winnipeg shows significant fluctuations in water
type seasonally, which could indicate connection with surface water sources, or seasonal changes in
groundwater flow paths.

Stable isotope results for §'%0 indicate a generally recent recharge source for the groundwater
system, and relatively short aquifer residence times, which is also consistent with the overall
geochemical results. Tritium results also indicate that groundwater at two locations is representative
of very recent, modern recharge (i.e. post 1950), and that the groundwater in the vicinity of the WCS
has had the longest residence time in the region of the LSMOC (which is furthest away from the
observed artesian spring sites in the region of the LSMOC).
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STATEMENT OF LIMITATIONS AND CONDITIONS

Limitations

This report has been prepared for Manitoba Infrastructure (Ml) in accordance with the agreement between
KGS Group and Ml (the “Agreement”). This report represents KGS Group’s professional judgment and
exercising due care consistent with the preparation of similar reports. The information, data,
recommendations, and conclusions in this report are subject to the constraints and limitations in the
Agreement and the qualifications in this report. This report must be read as a whole, and sections or parts
should not be read out of context.

This report is based on information made available to KGS Group by MI. Unless stated otherwise, KGS Group
has not verified the accuracy, completeness, or validity of such information, makes no representation
regarding its accuracy and hereby disclaims any liability in connection therewith. KGS Group shall not be
responsible for conditions/issues it was not authorized or able to investigate or which were beyond the scope
of its work. The information and conclusions provided in this report apply only as they existed at the time of
KGS Group’s work.

Third Party Use of Report

Any use a third party makes of this report or any reliance on or decisions made based on it, are the
responsibility of such third parties. KGS Group accepts no responsibility for damages, if any, suffered by any
third party because of decisions made or actions undertaken based on this report.

Geo-Environmental Statement of Limitations

KGS Group prepared the geo-environmental conclusions and recommendations for this report in a
professional manner using the degree of skill and care exercised for similar projects under similar conditions
by reputable and competent environmental consultants. The information contained in this report is based on
the information that was made available to KGS Group during the investigation and upon the services
described, which were performed within the time and budgetary requirements of [Insert client’s short
name]. As this report is based on the available information, some of its conclusions could be different if the
information upon which it is based is determined to be false, inaccurate, or contradicted by additional
information. KGS Group makes no representation concerning the legal significance of its findings or the value
of the property investigated.
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APPENDIX A-1

Lines of Evidence for Water Quality Associations
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DATA SET

Springs East of Lake St. Martin (Leybourne et. al 1997)

CHARACTERISTICS

OF LOCATION

Fens North of

WATER QUALITY

TABLES

WATER TYPES

FLUORIDE

Highest group

TABLE A-1-1
LINES OF EVIDENCE FOR WATER QUALITY ASSOCIATIONS - SPRINGS SITES

STRONTIUM

Highest group

DUROV PLOTS

Plots similar to

STIFF DIAGRAMS

MAGNESIUM/

Plots similar to

CALCIUM RATIO

SULPHATE/

CHLORIDE RATIO

A
STABLE ISOTOPES

S

-14.5t0 -14.7 *®0

Stiff, Mg/Ca ratio Highest Sr

SSOCIATION WITHIN THE
DATA SET

imilar as shown by Durov,

impact structure,
1094 outside
footprint

(except 1029 and 1022)

enriched in Mg

1070, 1087 Dauphin River at Mg-Ca-HCO; 0.742 - 0.715 mg/L 0.260, 0.254 Mantago Drainage | Mantago drainage
Lake Wpg. ) ' & mg/L § & § & and F; 2nd highest B
2nd highest
Mg-Na-Ca-HCO incTudir:g 1eg70 Most enriched
g- a-' a.- . " 1g083 group with 1094,
o SO,4- similar to 0181 - 0146 I Plots furthest 1029, rest of
eninupiane o EC 1086 uS/cm 1022, but 1083 has ' ' 181 medium groub Highest group | southeast on plot ) Mantago and 1083 |Intermediate SO, to 18 Unique WQ Highest Sr and
1083 lower Buffalo Creek R greater sulphate mg/L 1022, 1029 and 1083 . Unique . -15.5 *°0 .
. highest 0.299 mg/L due to higher SO,, Cl Cl ratio 2nd highest B
drainage proportion both 0.201-0.261 mg/L
) and Na
are upland in
discharge system.
-10.2 **0 indicates
Pool in upPer EC similar to r.est of Highest 1022,1029 and 1083 Highest group Plots intermediate . Enriched in Mg, but ' . evaporative imfluence in Unique WQ may be d.ue to
1022 Mantago River Mantago Drainage | Mg-Ca-HCO5-SO, between Mantago Unique less so than other | High SO, to Clratio|  the pool, which may evaporative influence in pool
: 0.257 mg/L 0.201-0.261 mg/L 0.243 mg/L . . . 18
Drainage Samples drainage and 1083 samples explain the different as shown by 0 isotopes
water quality
. Third highest
Fens in Mantago . .
) . 1096, 1087, and . Middle group: | Plots similar to North .
1026, 1027, 1028, River Drainage Low medium group L Plots similar to Second most . . 18 .
) Mg-Ca-HCO; 1022 0.152-0.178 | of Dauphin River and ) High SO, to Cl ratio -15 *°0 Similar WQ
1029, 1020,1096 springs near Lake except 1029 and 1022 . north of DRFN enriched group
W 0.104 mg/L and mg/L Mantago Drainage
Pe- 0.107 mg/L
. g | h Slightly less depleted
efnl:c‘sz;‘\/rll lF(’)c;c(; Sch)l;tl 10921 t 0.05 mg/L; 1090, 1091, 1092 than in other areas. Could
0and 1.092 wlithin Lowest rest arc()ewnf:diu'm OmngSI Lowest group Plots furthest left, Except for 1094 most' enricflmed in be from more recent similar WQ; notably lowest
1090, 1091, 1092 . EC approx. 590 . N 0.049, 0.038, due to high which has less 1090, 1091, 1092 recharge from high conductivity B, Sr, F may be
footprint of LSM Mg-Ca-HCO; 0.02-0.016 0.174 mg/L including . Mg;
pool, 1094 uS/cm lowest . . 0.092, and 0.045 | bicarbonate and low | sulphate and more 1:1 SO, to Cl upland areas to south, or | from more recent recharge
mg/L Mantago River springs ] 1094 next less L
mg/L chloride Mg evaporative influence -13,| from closeby upland areas

-14 0. Plot needed to
examine.




TABLE A-1-2
LINES OF EVIDENCE FOR WATER QUALITY ASSOCIATIONS - SURFACE WATER MONITORING

CHARACTERISTICS OF WATER QUALITY MAGNESIUM/ SULPHATE/ STABLE
DATA SET WATER TYPES FLUORIDE STRONTIUM DUROV PLOTS STIFF DIAGRAMS ASSOCIATION WITHIN THE DATA SET
LOCATION TABLES CALCIUM RATIO CHLORIDE RATIO ISOTOPES
Lake St. Martin Surface Water Sampling May 2013
LsM1, DR1, DRoc | M near Reach Linlet side, DR1 harjivsztszgﬁ;n LSM 0.155 mg/L, | LSM10.337 mg/L LSM DR1, DR2
! " Dauphin River at discharge of o (Y 1, DR1, DR2C ’ &% ) &% LSM, DR1, DR2 g ) Lake St. Martin and Dauphin River are one
Lake St. Martin and . chloride, sulphate, LSM 0.101 mg/L DR10.177 mg/L, DR1 0.357 mg/L, LSM, DR1, DR2 LSM, DR1, DR2 . ) strongly enriched in| Not sampled
o Buffalo Creek, DR2C Dauphin . (Na-Mg-CI-HCO;) enriched in Mg ) water type
Dauphin River ) . sodium and DR2C0.140 mg/L | DR20.326 mg/L chloride
River at discharge to LWPG. .
strontium
No differences in B | No differences in F
EC1, EC2 Upstream . .
concentrations concentrations X EC2 1:1, EC1
Buffalo Creek EC1, EC2 . . EC10.148 mg/L, EC1, EC2 enriched . .
before Big Buffalo Reach 1 Channel Sample Elevated sulphate (Mg-Ca-Na-HC0,-50,) over the drainage. | over the drainage EC2 0.139 mg/L EC1, EC2 inM enriched in Not sampled
e (gBBL) & 4 EC10.069mg/l, | ECL EC2,0.18, : & & sulphate
EC2 0.059 mg/L 0.15 mg/L
Lake in bog discharge area.
(note March sample was taken Strontium BBL plots with BC1
BBL Bie Buffalo through the ice prior to spring BBL decreases along |and BC3 for Ca-Mg-| BBL plots with BC1
& melt and has residual channel BBL 0.06 mg/L BBL0.11 mg/L drainage from BBL | Na triangle, but and BC3 for Stiff Not sampled
Lake- May . (Mg-Ca-Na-HCO,-Cl) ) ]
discharge frozen from 0.153 mg/L, with EC1 and EC2 Diagrams
November 2012 operation and is BC10.117 mg/L on overall plot.
not representative)
BBL, BC3 and BC1 BBL, BC3 an(_j BC_l corresp?ond based _on 1
. . of 2 contributing plots in Durov, stiff
enriched in Cl. BBL . - ) .
. o diagram, magnesium/calcium ratio and
BC3 is close to Dauphin River more than BC1 and ) _ .
BC1 BC3 and eets a [aree GW discharge BC1, BC3 BC3. as seen b sulphate to chloride ratio. BC3 receives a
! . J : g & (Mg-Ca-Na-HCO;) - |BC10.05 mg/L, BC3| BC1<0.1mg/L, BBL, BC1 and BC3 ! y heavy groundwater discharge contribution
Downstream of Big | from springs along west end of e BC3 0.0988 mg/L greater Cl Not sampled ) .
. . Similar to BBL, but 0.04 mg/L BC3<0.10 mg/L plot closer to 1:1 . from springs draining to the west part of
Buffalo Lake Buffalo Creek. BC1 will get input ) percentage in ion
from anv GW discharee to BBL with less Cl balance leading to Buffalo Creek, but does not look much
4 B ’ g different than BC1. This is evidence that
water type having . )
. BC1 receives groundwater discharge from
Clin name. .
upgradient BBL.




TABLE A-1-3
LINES OF EVIDENCE FOR WATER QUALITY ASSOCIATIONS - DAUPHIN RIVER FIRST NATION DOMESTIC WELL STUDY

CHARACTERISTICS OF MAGNESIUM SULPHATE STABLE ASSOCIATION WITHIN
DATA SET WATER QUALITY TABLES WATER TYPES FLUORIDE STRONTIUM DUROV PLOTS STIFF DIAGRAMS / /
LOCATION CALCIUM RATIO  CHLORIDE RATIO ISOTOPES THE DATA SET

Dauphin River First Nation 2011 Domestic Wells

Elevated EC approaches 100 pS/cm; Cl 64-72 mg/L;
SO, 146-159 mg/L, no nitrate, no elevated K.
Furthest upriver - 80 has very high Fe: 2 mg/L. All enriched in
80, 98, 104/105 Artesian All wells have high Fe >0.3 mg/L. Mg-Na-Ca-HCO5-S0, Not analyzed Not analyzed Group together Group together | All enriched in Mg sulphate vs Not sampled Upriver wells
Na also elevated in 80, 98, 104/105 from 77 to 88 mg/L. chloride
Hardness (Ca/Mg) and alkalinity are uniform - not
associated with the elevated EC, Cl, SO, parameters.
Mg-Ca- Na-HCO;-SO, 0.22 0 0.51 mg/L Slightly different All enriched in
5 Closest to Lake Wpg | 5 has more sodium and sulphate, but not other parameters |calcium dominant over Not analyzed Not analyzed than 32/33, 34, and Unique All enriched in Mg sulphate vs Not sampled Unique
sodium 35/6 chloride
Mg-Ca-Na-HCO, Slightly different All enriched in
67 67 has more sulphate, but not other parameters Not analyzed Not analyzed than 32/33, 34, and Unique All enriched in Mg sulphate vs Not sampled Unique
less sulphate .
35/6 chloride
All enriched in
32/33, 34, 35/36 Mg-Ca-HCO; Not analyzed Not analyzed Group together Group together | All enriched in Mg sulphate vs Not sampled Group together
chloride
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Lake St. Martin Outlet Channel Area — Springs Sites
(Leybourne)
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Table 1. Geochemical and stable isotopic data for representative tufa waters

Sample # 1002 1003 1005 1011 1014 1015 1016 1022 1026 1027 1028 1029 1031 1037 1042 1060 1061 1062 1064 1066 1070 1076 1083 1087 1090 1091 1092 1094 1096
Easting 505611 505791 507599| 518117| 511594| 511594 516959 580719 578057| 578830| 577222| 575854| 480872 486137| 481006] 508005| 508442| 509967 508084 509015| 559092| 531287| 561060 559991 544545 546161 549982 556971 580633
Northing 5857048| 5857378| 5847218 5832142| 5832332| 5832332| 5822852| 5735164| 5743807 5744498| 5745598| 5746742| 5943177| 5923746 5906452 5798856| 5800532| 5801564| 5803508| 5810981| 5773780 5755606 5750902| 5773212| 5722383| 5724162 5728451 5728423| 5742825
Class C C P P Fs P Fs P| Fs-EofG| Fs-EofG| Fs-EofG| Fs-EofG Es Es Fs Fs Fs Fs Fs Fs| Fs-EofG Fs| Fs-EofG| Fs-EofG Fs Fs P Fs| Fs-EofG
T (°C) 15 16 17.3 16.9 5.8 20.7 5.4 19.4 6.3 6.3 5 15.4 74 4.9 4.9 4.5 4.4 4.8 4.8 4.8 4.3 4.9 3.7 4.7 13.9 5.4 20.4 5.3 4.9
EC (uS/cm) 261 280 430 371 660 425 614 662 670 684 666 610 497 521 556 552 578 577 600 524 788 672 1086 795 610 590 598 589 710
pH 7.88 7.7 8.71 7.75 7.97 8.15 7.82 8.26 7.39 7.54 74 7.64 7.56 7.62 7.61 7.74 7.44 7.3 7.52 7.56 7.23 7.56 7.47 7.4 7.69 7.65 7.8 7.7 7.42
mg/L
HCO3 185 195 307 260 464 325 425 325 409 414 409 379 326 349 364 366 382 379 397 338 530 449 396 540 424 418 434 381 424
SO4 0.21 2.14 3.39 2.34 5.47 3.57 10.1 119 38.4 51.6 40.7 36.3 6.58 9.62 8.23 7.82 8.33 9.56 6.02 4.93 20.40 10.60 209.00 21.60 7.95 5.81 0.62 16.90 63.10
Cl 0.94 2.3 1.32 1.38 2.53 1.73 2.31 3.19 2.06 2.45 2.13 2.05 1.56 1.39 3.71 2.19 1.88 1.86 1.73 1.80 4.68 2.41 46.60 4.15 1.97 1.82 2.25 2.06 2.80
Hg/L
NO2 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
NO3 <50 216 184 <50 <50 165 <50 <50 <50 <50 <50 <50 395 449 <50 382 116 <50 454 <50 <50 <50 <50 <50 83 507 101 341 55
F 71 68 83 219 144 96 527 261 160 147 174 255 113 180 200 143 267 415 172 141 742 498 201 715 128 150 50 162 188
Br <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
Ca 29300 33600 34400 40000 83600 55100 70000 64600 64000 66200 63400 59300 58100 57400 63800 53700 55700 58100 56800 57500 70500 54800 67400 72300 56100 53800 53800 58900 67900
Mg 20900 20100 41300 30500 47200 36000 46600 45000 51300 52200 51700 46400 34900 39500 38800 44500 47000 44300 47700 36600 63500 56500 62000 64400 54500 53300 56900 44300 52900
Na 2290 3790 3200 3030 3280 2800 4970 33200 8980 12100 9590 8890 740 910 4020 1940 1060 1850 2420 1530 15300 6230 86000 15200 1700 940 1700 4210 14700
K 990 570 1200 1060 1400 1160 2520 4510 3540 4180 3840 3570 500 730 1450 1070 1200 2450 1440 1030 5510 3910 5290 5230 1120 1120 1370 2060 4470
Si 6250 4570 5690 4650 5130 4810 4480 4790 4180 4090 4120 3680 2270 2320 3220 3690 3150 4490 3960 3630 4560 4430 4480 4590 3590 2880 4910 4080 4200
Al 12 21 1.5 4.6 <0.5 0.9 0.9 7.6 1.1 <0.5 22 1.2 <0.5 <0.5 3.2 0.8 6.7 1.1 <0.5 <0.5 1.5 <0.5 <0.5 0.8 0.5 <0.5 0.5 1.5 0.5
Fe 92 90 <3 25 <3 <3 <3 73 94 54 130 58 <3 <3 <3 <3 <3 71 <3 <3 259 <3 255 126 <3 <3 39 <3 98
Mn 26 26 0.2 2.7 <0.2 0.8 0.4 4.8 8.9 9.9 7 4.3 <0.2 <0.2 27 <0.2 <0.2 14 <0.2 0.2 16.0 0.2 6.4 21.0 7.7 <0.2 13.0 <0.2 24.0
As 1.1 1.3 <0.5 0.8 <0.5 <0.5 <0.5 1.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 <0.5 1.6 <0.5 <0.5 <0.5 <0.5 <0.5 0.5
B 19 44 <16 36 <16 32 48 257 75 107 54 44 <16 36 24 <16 <16 51 36 <16 131 76 146 104 <16 <16 26 25 105
Ba 12 14 35 42 90 61 150 14 50 35 43 49 94 100 190 33 62 110 50.0 33.0 96.0 92.0 12.0 84.0 32.0 62.0 32.0 42.0 31.0
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Co 0.07 0.06 <0.02 <0.02 <0.02 <0.02 <0.02 0.06 0.37 0.31 0.21 0.05 <0.02 <0.02 0.13 <0.02 <0.02 0.54 <0.02 <0.02 0.19 <0.02 0.12 0.12 <0.02 <0.02 0.05 <0.02 0.44
Cr 0.5 0.5 0.3 0.2 <0.2 <0.2 <0.2 0.4 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 19.0 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cs <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cu 0.3 0.4 0.1 <0.1 <0.1 <0.1 3.6 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.4 <0.1 <0.1 0.2 0.2 <0.1 <0.1 <0.1 <0.1 2.5 <0.1 <0.1 0.1 0.2
Ga 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mo 0.04 0.09 0.35 0.37 1.38 0.85 1.38 <0.03 0.18 0.14 0.21 0.32 0.32 0.34 0.32 0.39 0.24 0.25 0.47 0.83 0.08 0.50 0.43 0.05 0.08 0.19 <0.03 0.22 0.09
Ni 0.6 0.9 <0.5 0.5 1.2 0.7 0.8 1 1.6 1.6 1.4 1.1 1.1 1.1 2.7 <0.5 <0.5 1.1 0.5 0.6 1.2 <0.5 0.9 0.9 <0.5 <0.5 <0.5 0.5 1.2
Pb <0.2 <0.2 <0.2 <0.2 0.3 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.3 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.5 <0.2 <0.2 <0.2 <0.2 0.4 <0.2 <0.2 <0.2
Rb 1.4 1.7 1 1 0.9 0.9 1.5 3.1 2.4 2.5 2.4 2.3 0.9 1.1 1.4 1.5 1.4 1.6 1.2 1.2 3.5 4.0 3.3 3.3 2.0 2.6 1.8 2.2 2.8
Sb <0.2 <0.2 0.3 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Sc <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.8 <0.2 <0.2 <0.2 0.3 <0.2 <0.2 <0.2
Se 2 2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 3 <2 <2 <2 <2
Sr 39 52 43 70 74 56 138 243 165 178 169 152 26 36 55 46 57 128 66 34 260 161 299 254 49 38 45 92 192
Th 0.017 0.013 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 0.016 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
Ti <.5 <5 <.5 <5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <5 <.5 1.0 <.5 <5 <.5 <5 <.5 <5 <.5
TI <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
U 0.042 0.089 0.947 0.034 2.134 1.062 0.05 0.058 0.165 0.129 0.091 0.066 0.656 0.817 0.445 1.107 0.629 0.49 1.370 1.216 0.178 2.676 0.250 0.326 0.736 0.683 0.098 1.116 0.161
\Y 0.46 0.4 0.04 0.02 0.03 0.06 0.02 0.07 0.03 0.02 0.02 0.01 0.07 0.04 0.03 0.05 0.06 0.02 0.08 0.05 0.07 0.27 <0.01 <0.01 0.04 <0.01 0.03 0.02 <0.01
Y 0.073 0.061 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
Zn <2 <2 <2 <2 2 <2 2 <2 <2 <2 <2 <2 2 2 4 <2 <2 <2 <2 <2 2 <2 <2 <2 <2 2 <2 <2 <2
%0
5180ysmow -11.53 -13.21 -11.36 -14.88 -15.91 -15.08 -156.52 -10.77 -15.16 -15.12 -15.07 -14.73 -16.09 -16.37 -15.22 -16.19 -15.81 -15.95 -15.82 -15.35 -14.53 -14.66 -15.41 -14.71 -14.21 -14.67 -12.73 -14.22 -15.09
52Hysmow -92.4 -98.8 -104.7 -116.8 -123.9 -117.5 -110.4 -85.3 -115.6 -114.9 -115.4 -112.7 -125.1 -125 -118.9 -113.2 -117.5 -114.2 -120.2 -116.3 -109.3 -113.3 -117.8 -111.1 -99.8 -111.0 -91.9 -108.3 -111.3
813Cpc -8.94 -11.68 -8.61 -10.79 -12.24 -11.22 -9.57 -10.28 -9.81 -10.13 -9.79 -12.44 -11.79 -12.32 -11.56 -11.67 -10.58 -11.93 -12.36 -10.74 -10.63 -10.11 -10.63 -10.96 -11.38 -10.71 -11.23 -9.67
Sleacite 0.05 -0.04 1.09 0.2 0.76 0.85 0.5 0.94 0.02 0.18 0 0.35 0.11 0.14 0.19 0.24 -0.03 -0.14 0.08 0.07 -0.03 0.15 -0.01 0.16 0.4 0.21 0.59 0.26 0.06
Slgolomite 0.16 -0.07 2.52 0.52 1.3 1.81 0.85 2.01 -0.01 0.31 -0.06 0.81 0.06 0.14 0.18 0.41 -0.12 -0.39 0.1 -0.04 -0.11 0.32 -0.05 0.28 0.98 0.45 1.51 0.43 0.02
Pco2 -2.68 -2.47 -3.33 -2.4 -2.44 -2.7 -2.33 -2.83 -1.91 -2.05 -1.92 -2.14 -2.16 -2.21 -2.18 -2.31 -1.99 -1.85 -2.05 -2.16 -1.65 -2.04 -2.02 -1.81 -2.15 -2.16 -2.22 -2.25 -1.93

C, creek; P, pool; Es, Escarpment spring; Fs, fen spring; Fs-EofG, fen spring east of Gypsumville




Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3
HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1022
8/31/1997
1022

Mg-Ca-HCO3-S0O4

19.4
8.26
662

7.933835
8.492052
3.398398

595.3298
5.326372

mg/I
33.2
4.51
64.6
45
3.19
119

<0.05
325

Sample
mg/I
1.435556
0.5428571
10.40752

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
1.444121
0.1153503
1.611857
1.851471
8.997904E-02
1.239583
<8.064516E-
04

5.326372

mmol/l
0.8705819
1.300322
16.04952

Leybourne 1997

meq/I
1.444121
0.1153503
3.223714
3.702942
8.997904E-02
2.479167
<8.064516E-
04

5.326372

Standard Seawater

mg/I
0.319
0.152
0.556
287

mmol/l
0.194
0.364
0.858
648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3
HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1026
8/31/1997
1026

Mg-Ca-HCO3
6.3
7.39
670

7.577306
7.901093
2.091865

577.7889
6.703034

mg/I
8.98
3.54

64
51.3
2.06
38.4

<0.05
409

Sample
mg/I
1.247563
1.666667
4.359223

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
0.3906085
9.054102E-02
1.596886
2.110677
5.810558E-02
04
<8.064516E-
04

6.703034

mmol/l
0.7565754
3.992215
6.722392

Leybourne 1997

meq/I

0.3906085
9.054102E-02
3.193772
4.221354
5.810558E-02
0.8000001
<8.064516E-

04

6.703034

Standard Seawater

mg/I mmol/|
0.319 0.194
0.152 0.364
0.556 0.858
287 648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3
HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1027
8/31/1997
1027

Mg-Ca-HCO3
6.3
7.54
684

7.947526
8.237134
1.789398

603.2568
6.784978

mg/I
12.1
4.18
66.2
52.2
2.45
51.6

<0.05
414

Sample
mg/I
1.268199
1.282946
4.938776

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
0.5263211
0.10691
1.651779
2.147706
6.910615E-02
0.5375
<8.064516E-
04

6.784978

mmol/l
0.7690898
3.073077
7.616124

Leybourne 1997

meq/I

0.5263211
0.10691
3.303558
4.295413
6.910615E-02

1.075

<8.064516E-

04

6.784978

Standard Seawater

mg/I mmol/|
0.319 0.194
0.152 0.364
0.556 0.858
287 648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3
HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1028
8/31/1997
1028

Mg-Ca-HCO3
5
7.4
666

7.625991
7.938194
2.005906

580.8571
6.703034

mg/I
9.59
3.84
63.4
51.7
213
40.7

<0.05
409

Sample
mg/I
1.226306
1.55774
4.502347

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
0.4171421
9.821399E-02
1.581915
2.127134
6.008005E-02
0.4239584
<8.064516E-
04

6.703034

mmol/l
0.7436838
3.731299
6.943105

Leybourne 1997

meq/I

0.4171421
9.821399E-02
3.163831
4.254269
6.008005E-02
0.8479167
<8.064516E-

04

6.703034

Standard Seawater

mg/I mmol/|
0.319 0.194
0.152 0.364
0.556 0.858
287 648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3
HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1029
8/31/1997
1029

Mg-Ca-HCO3
15.4
7.64
610

7.043741
7.259716
1.509948

536.0643
6.21137

mg/I
8.89
3.57
59.3
46.4
2.05
36.3

<0.05
379

Sample
mg/I
1.278017
1.633609
4.336586

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
0.3866937
9.130832E-02
1.479615
1.909072
5.782352E-02
0.378125
<8.064516E-
04

6.21137

mmol/l
0.7750439
3.913031
6.687482

Leybourne 1997

meq/I
0.3866937
9.130832E-02
2.95923
3.818145
5.782352E-02
0.75625
<8.064516E-
04

6.21137

Standard Seawater

mg/I
0.319
0.152
0.556
287

mmol/l
0.194
0.364
0.858
648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3
HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1070
8/31/1997
1070

Mg-Ca-HCO3
4.3
7.23
788

9.295071
9.557758
1.39336

711.185
8.686084

mg/I
15.3
5.51
70.5
63.5
4.68
20.4

<0.05
530

Sample
mg/I
1.110236
3.455882
3.269231

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
0.6655134
0.1409269
1.75907
2.612631
0.1320069
0.2125
<8.064516E-
04

8.686084

mmol/l
0.6732944
8.277976
5.041506

Leybourne 1997

meq/I
0.6655134
0.1409269
3.51814
5.225262
0.1320069
0.425
<8.064516E-
04

8.686084

Standard Seawater

mg/I
0.319
0.152
0.556
287

mmol/l
0.194
0.364
0.858
648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3
HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1083
8/31/1997
1083

Mg-Na-Ca-HCO3-S0O4

3.7
7.47
1086

12.18347
12.3486
0.6731293

873.0044
6.48998

mg/I
86
5.29
67.4
62
46.6
209

<0.05
396

Sample
mg/I
1.087097
0.322488
1.845494

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
3.740794
0.1353
1.681721
2.550915
1.314427
2.177083
<8.064516E-
04

6.48998

mmol/l
0.6592616
0.772465
2.84595

Leybourne 1997

meq/I
3.740794
0.1353
3.363441
5.101831
1.314427
4.354167
<8.064516E-
04

6.48998

Standard Seawater

mg/I
0.319
0.152
0.556
287

mmol/l
0.194
0.364
0.858
648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3
HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1087
8/31/1997
1087

Mg-Ca-HCO3
4.7
7.4
795

9.465091
9.71
1.277226

724.108
8.849972

mg/I
15.2
5.23
72.3
64.4
4.15
21.6

<0.05
540

Sample
mg/I
1.122671
3.347222
3.662651

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
0.6611636
0.1337654
1.803982
2.649661
0.1170574
0.225
<8.064516E-
04

8.849972

mmol/l
0.6808352
8.017699
5.648202

Leybourne 1997

meq/I
0.6611636
0.1337654
3.607965
5.299321
0.1170574
0.45
<8.064516E-
04

8.849972

Standard Seawater

mg/I
0.319
0.152
0.556
287

mmol/l
0.194
0.364
0.858
648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3

HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1090
8/31/1997
1090

Mg-Ca-HCO3
13.9
7.69
610

7.179615
7.388671
1.435013

547.6557
6.948867

mg/I
1.7
1.12
56.1
54.5
1.97
7.95
0.083
424

Sample
mg/l
1.029358
7.056604
0.8629442

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
7.394593E-02
2.864575E-02
1.39977
2.242337
5.556699E-02
0.0828125
1.33871E-03
6.948867

mmol/|
0.6242462
16.90289
1.330753

Leybourne 1997

meq/I
7.394593E-02
2.864575E-02
2.799541
4.484674
5.556699E-02
0.165625
1.33871E-03
6.948867

Standard Seawater

mg/l
0.319
0.152
0.556
287

mmol/|
0.194
0.364
0.858
648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3

HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1091
8/31/1997
1091

Mg-Ca-HCO3
54
7.65
590

7.040464
7.142004
0.715955

535.5632
6.850534

mg/I
0.94
1.12
53.8
53.3
1.82
5.81
0.507
418

Sample
mg/l
1.009381
9.259896
0.5164835

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
4.088775E-02
2.864575E-02
1.342382
2.192964
0.051336
6.052084E-02
8.177419E-03
6.850534

mmol/|
0.6121315
22.1805
0.7964732

Leybourne 1997

meq/I

4.088775E-02
2.864575E-02
2.684765
4.385929
0.051336
0.1210417
8.177419E-03
6.850534

Standard Seawater

mg/I mmol/|
0.319 0.194
0.152 0.364
0.556 0.858
287 648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3

HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1092
8/31/1997
1092

Mg-Ca-HCO3
20.4
7.8
598

7.195802
7.477881
1.922345

550.907
7.112755

mg/I
1.7
1.37
53.8
56.9
2.25
0.62
0.101
434

Sample
mg/l
0.9455184
86.77419
0.7555556

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
7.394593E-02
3.503989E-02
1.342382
2.341082
6.346484E-02
6.458334E-03
1.629032E-03
7.112755

mmol/|
0.5734025
207.8528
1.165148

Leybourne 1997

meq/I

7.394593E-02
3.503989E-02

2.684765

4.682164
6.346484E-02
1.291667E-02
1.629032E-03

Standard Seawater

7.112755
mg/I mmol/|
0.319 0.194
0.152 0.364
0.556 0.858

287 648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3

HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1094
8/31/1997
1094

Mg-Ca-HCO3
5.3
7.7
589

6.670675
6.823141
1.129894

510.0922
6.244147

mg/I
4.21
2.06
58.9
443
2.06
16.9
0.341
381

Sample
mg/l
1.329571
3.485207
2.043689

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
0.1831249
5.268771E-02
1.469634
1.82267
5.810558E-02
0.1760417
0.0055
6.244147

mmol/|
0.8063084
8.348219
3.151589

Leybourne 1997

meq/I

0.1831249
5.268771E-02
2.939269
3.64534
5.810558E-02
0.3520833

0.0055

6.244147

Standard Seawater

mg/I mmol/|
0.319 0.194
0.152 0.364
0.556 0.858
287 648



Sample Summary Report

Sample ID
Sample Date
Station

Location
Geology
Watertype
Temperature (°C)
pH

Conductivity

Sum of Anions
Sum of Cations
Balance

Total dissolved solids
Total hardness
Alkalinity

Major ion composition
Na

K

Ca

Mg

Cl

SO4

NO3

HCO3

Ratios

Ca/Mg
Ca/S0O4
Na/Cl
Cl/Br

1096
8/31/1997
1096

Mg-Ca-HCO3
4.9
7.42
710

8.362923
8.500855
0.8179234

630.465
6.948867

mg/I
14.7
4.47
67.9
52.9
2.8
63.1
0.055
424

Sample
mg/l
1.283554
1.07607
5.25

uS/cm

meq/L
meq/L
%

mg/L
mg/I CaCO3
mg/l CaCO3

mmol/Il
0.6394148
0.1143272
1.694196
2.176507
7.897846E-02
0.6572917
8.870967E-04
6.948867

mmol/|
0.7784016
2.577541
8.096066

Leybourne 1997

meq/I

0.6394148
0.1143272
3.388393
4.353014
7.897846E-02
1.314583
8.870967E-04
6.948867

Standard Seawater

mg/I mmol/|
0.319 0.194
0.152 0.364
0.556 0.858
287 648



Leybourne Area 1997

Station Date Sample ID Watertype
1022 1997-08-31 1022|Mg-Ca-HCO3-S04 45( FALSE
1026 1997-08-31 1026(Mg-Ca-HCO3 46( FALSE
1027 1997-08-31 1027{Mg-Ca-HCO3 47 FALSE
1028 1997-08-31 1028({Mg-Ca-HCO3 48( FALSE
1029 1997-08-31 1029(Mg-Ca-HCO3 49( FALSE
1070{ 1997-08-31 1070{Mg-Ca-HCO3 56| FALSE
1083 1997-08-31 1083 Mg-Na-Ca-HCO3-S04 50| FALSE
1087 1997-08-31 1087|Mg-Ca-HCO3 57| FALSE
1090 1997-08-31 1090(Mg-Ca-HCO3 51| FALSE
1091 1997-08-31 1091{Mg-Ca-HCO3 52| FALSE
1092 1997-08-31 1092(Mg-Ca-HCO3 53| FALSE
1094 1997-08-31 1094(Mg-Ca-HCO3 54| FALSE
1096 1997-08-31 1096(Mg-Ca-HCO3 55| FALSE
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1022,8/31/1997

Date: 8/31/1997
El Cond. (uS/cm) =662

Mg HCO3
Ca S04
Na Cl
I I I I I I I I |
72 54 36 18 18 36 54 72 9 (meq/L)
1026,8/31/1997
Date: 8/31/1997

El Cond. (uS/cm) =670

Mg HCO3
Ca S04
Na Cl
[ I I I I I I I I I |
9 72 54 36 18 18 36 54 72 9 (meq/L)
1027,8/31/1997
Date: 8/31/1997
El Cond. (uS/cm) =684
Mg HCO3
Ca SO4
Na Cl

[ I I I I I I I I I |
9 72 54 36 18 1.8 36 54 72 9(meqgl)



1028,8/31/1997

Date: 8/31/1997
El Cond. (uS/cm) =666

Mg HCO3
Ca S04
Na Cl
I I I I I I I I |
72 54 36 18 18 36 54 72 9 (meq/L)
1029,8/31/1997
Date: 8/31/1997

El Cond. (uS/cm) =610

Mg HCO3
Ca S04
Na Cl
[ I I I I I I I I I |
9 72 54 36 18 18 36 54 72 9 (meq/L)
1070,8/31/1997
Date: 8/31/1997
El Cond. (uS/cm) =788
Mg HCO3
Ca SO4
Na Cl

[ I I I I I I I I I |
9 72 54 36 18 1.8 36 54 72 9(meqgl)



1083,8/31/1997

Date: 8/31/1997
El Cond. (uS/cm) =1086

Mg HCO3
Ca S04
Na Cl
I I I I I I I I |
72 54 36 18 18 36 54 72 9 (meq/L)
1087,8/31/1997
Date: 8/31/1997

El Cond. (uS/cm) =795

Mg HCO3
Ca S04
Na Cl
[ I I I I I I I I I |
9 72 54 36 18 18 36 54 72 9 (meq/L)
1090,8/31/1997
Date: 8/31/1997
El Cond. (uS/cm) =610
Mg HCO3
Ca SO4
Na Cl

[ I I I I I I I I I |
9 72 54 36 18 1.8 36 54 72 9(meqgl)



1091,8/31/1997

Date: 8/31/1997
El Cond. (uS/cm) =590

Mg HCO3
Ca SO4
Na Cl
[ I I I I I I I I I |
9 72 54 36 18 18 36 54 72 9 (meq/L)
1092,8/31/1997
Date: 8/31/1997
El Cond. (uS/cm) =598
Mg HCO3
Ca S04
Na Cl
[ I I I I I I I I I |
9 72 54 36 18 18 36 54 72 9 (meq/L)
1094,8/31/1997
Date: 8/31/1997
El Cond. (uS/cm) =589
Mg HCO3
Ca SO4
Na Cl

[ I I I I I I I I I |
9 72 54 36 18 1.8 36 54 72 9(meqgl)



1096,8/31/1997

Date: 8/31/1997
El Cond. (uS/cm) =710

Mg HCO3
Ca S04
Na Cl

[ I I I I I I I I I |
9 72 54 36 18 18 36 54 72 9(meqgl)



Mg (meq/L)
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B
»
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®
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26

Leybourne 1997

2.60

3.20

3.80

Ca (meq/L)

4.40

5.00

5.60

> % k X X +

1022
1096
1026
1027
1028
1029
1083
1090
1091
1092
1094
1070
1087




S04 (meg/L)

Leybourne 1997

1.0

2.0

Cl (meq/L)

3.0

4.0

5.0

> % x X X +

1022
1096
1026
1027
1028
1029
1083
1090
1091
1092
1094
1070
1087




APPENDIX A-3

Lake St. Martin Outlet Channel Area — Surface Water
Monitoring

KGS

GROUP



Portions of data presented are owned by the Province of Manitoba and are produced
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TABLE ECS-1

REACH 1 - 2011 CONSTRUCTION MONITORING PARAMETERS
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

|_ Parameter Detection Limit (mg/L) Guidelines (CCME PAL)?

Sediment

|_ Total suspended solids 5 25"

Nutrients
Ammonia 0.05 0.055
Nitrate and nitrite 0.071 -
Nitrate-N 0.05 13
Nitrite-N 0.05 0.06
Total Kjeldahl Nitrogen 0.2 -
Total nitrogen 0.2 -
Total dissolved phosphorus 0.01 -

u Total phosphorus 0.01 -

Petroleum Hydrocarbons
Benzene 0.0005 0.37
Ethylbenzene 0.0005 0.9
Toluene 0.001 0.002
o-xylene 0.0005 -
m+p-Xylenes 0.0005 -
Xylenes 0.0015 -
Total hydrocarbons (C6-C50) 0.44 -
Fraction F1(C6-C10) 0.1 -
Fraction F2 (C10-C15) 0.25 -
Fraction F3 (C16-C34) 0.25 -
Fraction F4 (C35-C50) 0.25 -

FVIetals

[ Total mercury 0.00006 0.000025

| Dissolved mercury 0.00005 -

Notes:

1: Total Suspended Solids CCME guideline exceedance is 25 mg/L greater than baseline value

2: Canadian Council of Ministers of Environment (CCME) Water Quality Guidelines for the Protection of
Aquatic Life

TABLE ECS-1

REACH 1 - 2011 CONSTRUCTION MONITORING PARAMETERS
LAKE ST. MARTIN EMERGENCY CHANNEL SYSTEM

LAKE ST. MARTIN, MB

PAGE 1 OF 1



LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)

02-Sep-11 3.8 20.0 9.24 9.88 1740
26-Sep-11 10.1 12.4 8.74 10.11 1250
14-Oct-11 5.3 10.3 8.61 12.53 1180
21-Oct-11 7.9 55 8.53 12.23 1200
29-Oct-11 48 46 8.49 13.09 1190
02-Nov-11 2.8 4.1 8.54 13.31 1200
04-Nov-11 4.9 4.0 8.62 11.62 1180
07-Nov-11 14.8 3.0 8.51 11.13 1200
10-Nov-11 8.2 1.9 8.63 13.37 1200
14-Nov-11 4.1 1.4 8.69 11.20 1230
16-Mar-12 1.5 1.5 8.17 9.20 2360

17-Apr-12 - - - - -

16-May-12 @ - - - - .
LSM1 13-Jun-12 ® - 16.3 8.56 12.00 1170
9-Aug-12 @ - 21.8 8.70 9.35 1101
12-Sep-12“ 46.0 135 8.36 8.61 1054
19-Oct-12 14.6 5.9 9.48® | 12.46 1053
13-Nov-12 4.9 2.0 7.93 14.44 1356
19-Nov-12 3.9 1.4 8.32 14.03 1213
22-Nov-12 3.8 0.3 7.95 13.23 1153

27-Nov-12 © - - - - .
24-Mar-13 8.9 0.1 7.82 9.46 1550
2-May-13 ) 1.1 1.3 7.78 9.15 1265
14-May-13 8.0 8.4 7.84 9.91 340.2
28-May-13 7.5 15.3 8.52 8.01 1023
24-Jul-13 @ 3.8 19.8 8.58 7.16 1022
9-Oct-13 ¥ 46 10.6 8.04 10.34 1069
04-Nov-11 65.8 3.9 8.54 12.20 1190
07-Nov-11 35.2 26 8.49 11.64 1030
10-Nov-11 20.1 1.4 8.56 11.77 1210
14-Nov-11 16.1 0.9 8.63 10.96 1220

TABLE 4.2-1

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

PAGE 1 OF 10



LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)
17-Nov-11 49.3 0.3 8.62 10.79 1240
25-Nov-11 14.4 0.4 8.41 11.60 1250
16-Mar-12 26 22 8.26 9.93 3285
17-Apr-12 3.9 3.4 7.61 14.90 1073
16-May-12 @ 75.9 13.8 8.18 8.83 1220
13-Jun-12 ® - 15.9 9.10® | 10.36 1148
9-Aug-12 @ - 215 8.33 8.83 1060
EC1
12-Sep-12 44.1 13.1 6.73 8.34 1052
19-Oct-12 9.8 5.9 9.58® 9.17 1458
13-Nov-12 4.4 0.2 8.42 14.93 1342
19-Nov-12 35 1.2 8.50 13.84 1188
22-Nov-12 © - - - - .
27-Nov-12 © - - - - .
2-May-13 ¢ 9.0 1.2 7.61 8.51 667.0
14-May-13 13.3 10.4 8.37 11.95 512.7
28-May-13 4.1 15.1 8.37 8.16 583.1
24-Jul-13 15.7 18.5 8.23 8.49 690.0
09-Oct-13 4.4 10.0 8.11 10.41 776.0
16-Mar-12 4.0 2.0 8.19 9.54 2866
17-Apr-12 36 3.1 7.63 13.09 1053
16-May-12 @ 84.1 13.8 8.10 8.78 1220
13-Jun-12 ® - 16.0 8.60 10.55 1146
9-Aug-12 @ - 21.1 8.61 8.42 1081
12-Sep-12 445 12.9 7.35 8.76 1054
19-Oct-12 10.6 5.9 8.46 9.13 1162
13-Nov-12 55 0.0 8.50 14.88 1350
EC2 19-Nov-12 3.8 1.0 8.50 13.72 1209
22-Nov-12 7.4 0.2 8.30 13.09 1176
27-Nov-12 © - - - - .
27-Mar-13 8.5 0.9 7.00 0.16 1120
2-May-13 © - - - - =
TABLE 4.2-1

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

PAGE 2 OF 10



LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)
14-May-13 16.1 9.4 7.98 8.01 439.0
28-May-13 4.1 15.6 8.55 8.20 500.1
24-Jul-13 25.2 19.5 8.46 7.74 624.0
09-Oct-13 10.4 10.2 8.40 9.79 724.0
16-Mar-12 12.4 16 8.18 10.80 2468
17-Apr-12 17.2 28 7.15 12.60 1061
16-May-12 @ - - - - -
13-Jun-12 © - 16.0 8.59 10.68 1155
9-Aug-12 @ - 19.8 8.68 8.68 1068
12-Sep-12 58.8 12.8 7.81 8.77 1055
19-Oct-12 7.7 5.9 8.20 10.01 1146
13-Nov-12 5.8 0.1 8.58 14.79 1375
EC3
19-Nov-12 48 1.0 8.50 13.73 1193
22-Nov-12 7.2 0.0 8.51 13.70 1186
27-Nov-12 © - - - - -
2-May-13 ¢ 42 3.3 7.40 8.78 722.3
14-May-13 “) 7.7 12.6 8.42 10.45 430.5
28-May-13 23 15.3 8.13 6.96 434.2
24-Jul-13 23.2 20.0 8.57 7.61 621.0
09-Oct-13 10.6 10.8 8.50 9.87 729.0
27-Mar-13 9.3 2.8 7.20 0.02 1450
2-May-13 47 0.6 7.32 2.86 431.3
14-May-13 55 7.6 7.58 4.67 440.6
BBL
28-May-13 3.1 15.8 8.62 8.72 506.9
24-Jul-13 47 20.2 8.11 6.25 462.7
09-Oct-13 23 10.3 8.31 10.14 518.8
02-Sep-11 0.0 20.2 8.31 6.42 361
07-Sep-11 1.0 215 8.11 7.16 320
26-Sep-11 2.3 12.5 7.84 10.94 231
14-Oct-11 0.0 8.2 7.42 9.76 204
21-Oct-11 1.5 6.0 7.80 11.69 196
TABLE 4.2-1

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

PAGE 3 OF 10



LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)

29-Oct-11 0.8 3.5 7.42 11.96 186
02-Nov-11 3.5 4.5 7.55 11.74 180
16-Mar-12 6.4 1.7 7.95 8.72 2168
17-Apr-12 21 3.4 7.45 11.26 1082

16-May-12 @ - - - - .

13-Jun-12 @ - 16.5 8.16 7.76 1140

9-Aug-12 @ - 20.7 8.28 6.16 1049

BC1
12-Sep-12 5.8 124 7.73 7.66 1065
19-Oct-12 3.0 5.9 7.83 10.13 965
13-Nov-12 3.8 0.2 7.98 9.99 1285
19-Nov-12 25 0.6 8.20 10.15 1111
22-Nov-12 4.0 0.1 8.18 9.81 1095
27-Nov-12 2.6 -01 7.52 2.94 1070
27-Mar-13 161.0 0.0 7.55 2.1 1440
02-May-13 7.0 0.3 7.29 11.82 488.7
14-May-13 5.8 11.8 7.68 5.61 379.0
28-May-13 8.6 15.0 7.78 6.48 401.7
24-Jul-13 4.8 201 7.77 6.04 465.3
09-Oct-13 2.1 9.6 7.86 7.64 545.6
02-Sep-11 2.6 19.2 8.35 7.82 366
07-Sep-11 0.1 21.9 8.52 8.92 325
26-Sep-11 24 12.7 8.09 8.96 235
14-Oct-11 1.2 8.4 7.62 9.31 204
21-Oct-11 0.1 5.7 7.90 11.90 193
29-Oct-11 3.0 3.1 7.84 11.56 194
02-Nov-11 1.2 4.1 7.67 11.53 182
04-Nov-11 41.4 3.2 7.82 10.12 1090
07-Nov-11 - - > c -
10-Nov-11 15.7 0.9 8.25 10.15 1210
14-Nov-11 7.7 0.4 8.28 10.02 1220
17-Nov-11 11.2 -0.3 8.19 10.25 1250
TABLE 4.2-1

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)
16-Mar-12 48 0.8 7.90 9.65 2890
17-Apr-12 43 3.7 7.67 11.80 1057
BC2 16-May-12 @ 52.7 14.5 7.78 6.86 1200
13-Jun-12 ©® - 15.4 8.00 9.01 -
9-Aug-12 @ - 20.6 8.07 5.53 1002
12-Sep-12 6.5 12.6 7.72 6.99 1051
19-Oct-12 - 5.9 7.66 9.74 1048
13-Nov-12 - - - - -
19-Nov-12 9.8 0.2 8.14 10.80 1174
22-Nov-12 5.0 0.1 8.10 10.90 1128
27-Nov-12 24 -0.1 7.74 4.22 923
27-Mar-13 86.4 0.1 7.53 7.16 1430
02-May-13 6.4 0.5 7.38 5.12 457.6
14-May-13 @) 5.4 11.9 7.75 6.76 356.2
28-May-13 5.6 14.9 7.93 6.57 385.0
24-Jul-13 8.9 20.2 7.83 7.47 4537
09-Oct-13 7.1 10.7 8.15 9.59 522.4
16-Mar-12 8.5 0.8 7.93 9.30 2134
17-Apr-12 3.0 35 7.79 11.65 1062
16-May-12 ¢ 58.9 14.5 7.76 6.91 1200
13-Jun-12 @ - 15.4 8.07 9.01 Y
9-Aug-12 @ - 20.5 8.08 5.86 997
12-Sep-12 8.4 12.5 7.71 7.31 1051
19-Oct-12 6.5 6.0 7.62 7.85 1061
13-Nov-12 - - - - -
BC4
19-Nov-12 7.4 0.2 8.17 10.95 1176
22-Nov-12 45 0.0 8.08 11.27 1121
27-Nov-12 © - - - - -
02-May-13 11.8 0.3 7.44 5.26 457 .4
14-May-13 6.8 12.0 7.81 7.07 556.7
28-May-13 7.0 15.1 8.00 7.14 385.7
24-Jul-13 7.3 20.2 7.94 7.32 453.6
IABLE 4.2-

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)

09-Oct-13 8.2 10.5 8.17 9.32 521.9
16-Mar-12 71 0.8 9.38©® 9.10 1947
17-Apr-12 19.6 3.2 7.77 12.12 1061

16-May-12 ¢ 421 14.0 8.03 7.20 1180

13-Jun-12 ©® - 16.2 8.00 7.44 1137

9-Aug-12 @ - 20.4 8.05 5.94 993
12-Sep-12 6.4 12.6 7.72 7.1 1049
19-Oct-12 3.8 59 7.58 8.13 1045
13-Nov-12 6.1 0.1 8.22 11.96 1359

BC5
19-Nov-12 13.0 0.2 8.17 10.99 1175
22-Nov-12 41 0.1 8.08 11.65 1124
27-Nov-12 - - - - -
02-May-13 5.4 0.4 7.54 6.64 436.4
14-May-13 8.2 11.9 7.83 7.61 358.7
28-May-13 8.4 15.1 8.01 6.88 384.9
24-Jul-13 9.2 20.3 7.95 7.42 454 1
09-Oct-13 11.8 10.4 8.10 9.37 527.3
02-Sep-11 7.2 19.3 8.64 8.54 1090
07-Sep-11 5.9 20.7 8.50 8.13 358
26-Sep-11 13.1 13.0 7.39 8.83 373
14-Oct-11 6.6 8.5 7.55 12.24 225
21-Oct-11 6.7 55 8.18 11.81 474
29-Oct-11 5.9 2.6 7.77 11.99 254
02-Nov-11 6.7 3.5 7.63 10.85 236
04-Nov-11 62.1 3.1 7.72 10.38 1140
07-Nov-11 - - > c -
10-Nov-11 245 0.8 8.19 11.08 1200
14-Nov-11 16.1 0.5 8.18 11.56 1210
17-Nov-11 17.9 -0.3 8.19 10.16 1240
25-Nov-11 21.5 -0.2 7.94 9.72 1200
16-Mar-12 11.8 0.8 8.12 9.24 1868
17-Apr-12 6.6 2.8 7.78 11.70 1056
IABLE 4.2-

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)
16-May-12 @ 93.1 14.3 7.70 712 1200
13-Jun-12 ® - 16.1 8.02 7.53 1131
9-Aug-12 @ - 20.8 8.03 6.25 984
12-Sep-12 9.8 12.8 7.75 7.33 1049
19-Oct-12 3.6 6.0 7.69 9.38 1025
13-Nov-12 42 0.0 8.18 12.20 1347
BC3
19-Nov-12 16.5 0.3 8.17 11.38 1167
22-Nov-12 4.0 0.1 8.11 12.48 1101
27-Nov-12 © - - - - -
2-May-13 ¢ 8.8 1.0 7.92 8.56 427.9
14-May-13 14.6 11.9 7.88 8.35 331.4
28-May-13 14.3 15.1 8.62 7.30 348.1
24-Jul-13 12.3 20.1 8.05 6.44 405.9
09-Oct-13 21.7 10.6 8.15 9.83 486.8
02-Sep-11 5.2 19.8 8.93 8.70 1760
07-Sep-11 3.1 20.2 9.00 8.98 1720
26-Sep-11 9.2 12.7 8.41 10.35 1240
14-Oct-11 5.6 10.1 8.32 10.16 1190
21-Oct-11 7.6 6.3 8.58 11.34 1200
29-Oct-11 5.9 48 8.38 14.10 1200
02-Nov-11 5.1 4.4 8.45 10.80 1190
04-Nov-11 6.7 3.9 8.41 11.54 1190
07-Nov-11 - - - - -
10-Nov-11 5.9 15 8.56 12.03 1220
14-Nov-11 3.4 1.1 8.51 10.64 1340
17-Nov-11 0.5 0.2 8.57 11.02 1240
25-Nov-11 0.0 -0.1 8.50 12.37 1060
16-Mar-12 48 0.7 8.15 9.66 1338
17-Apr-12 5.3 3.2 7.83 12.74 1055
DR1
16-May-12 @ 69.2 14.3 8.27 8.69 1290
13-Jun-12 @ - 16.4 8.57 10.25 1159
9-Aug-12 @ - 21.2 8.65 8.77 1056
IABLE 4.2-

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)

12-Sep-12 8.5 13.6 8.08 8.30 1049
19-Oct-12 8.3 6.2 7.79 9.81 1091
13-Nov-12 5.0 -01 8.55 14.95 1385
19-Nov-12 125 0.5 8.52 13.80 1211
22-Nov-12 4.7 0.1 8.48 13.77 1184
27-Nov-12 3.6 -0.1 8.37 12.68 867
26-Mar-13 21.0 -0.1 8.01 94 1330
02-May-13 5.7 1.0 8.07 12.61 1287
14-May-13 7.2 8.9 8.34 10.94 1136
28-May-13 6.9 14.6 8.50 8.58 1034
24-Jul-13 6.2 20.4 8.44 7.89 1071
09-Oct-13 5.0 10.9 8.45 10.05 1052
02-Sep-11 4.8 19.6 8.93 8.58 1740
07-Sep-11 5.1 20.0 8.96 8.44 1630
26-Sep-11 11.6 12.7 8.32 10.39 1210
14-Oct-11 5.7 10.0 8.27 9.72 1150
21-Oct-11 6.7 6.1 8.54 11.51 1160
29-Oct-11 5.5 4.6 8.32 10.81 1140
02-Nov-11 5.7 4.2 8.33 10.77 1150
04-Nov-11 66.6 3.2 7.76 10.45 1140

07-Nov-11 - - - - -
10-Nov-11 30.8 0.8 8.20 10.31 1200
14-Nov-11 18.2 0.5 8.24 10.18 1220
17-Nov-11 19.5 -0.3 8.23 10.83 1240
25-Nov-11 21.6 -0.3 7.95 9.68 1170
16-Mar-12 8.2 0.7 8.08 9.03 1590
DR3 17-Apr-12 54 3.4 7.89 13.30 1050
16-May-12 ¢ 64.3 14.0 7.90 7.40 1170
13-Jun-12 @ - 16.2 8.01 7.81 1130
9-Aug-12 @ - 22.0 8.66 8.64 1061
12-Sep-12 16.2 13.6 8.24 8.58 1051
19-Oct-12 9.4 6.0 7.73 9.40 1038

IABLE 4.2-

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)
13-Nov-12 © - - - - -
19-Nov-12 ©® - - - - -
22-Nov-12 © - - - - -
27-Nov-12 © - - - - -
02-May-13 5.8 0.8 7.98 12.92 1269
14-May-13 13.9 10.5 8.10 9.50 639.7
28-May-13 6.3 14.4 8.51 8.06 1033
24-Jul-13 7.3 20.4 8.45 7.81 1071
09-Oct-13 47 10.9 8.50 10.29 1073
02-Sep-11 4.0 20.1 8.79 7.92 1770
07-Sep-11 4.4 20.5 8.82 8.64 1710
26-Sep-11 9.9 12.7 8.48 8.87 1240
14-Oct-11 5.6 10.1 8.33 10.13 1190
21-Oct-11 7.2 6.2 8.55 11.24 1200
29-Oct-11 7.1 48 8.38 11.17 1200
02-Nov-11 5.2 43 8.50 11.44 1200
04-Nov-11 5.8 3.8 8.43 13.34 1170
10-Nov-11 23.2 0.9 8.23 11.93 1200
14-Nov-11 17.4 0.8 8.34 11.52 1180
17-Nov-11 16.1 0.0 8.29 10.81 1230
16-Mar-12 8.6 0.9 8.02 8.08 1504
17-Apr-12 12.2 3.2 7.88 12.50 1054
16-May-12 @ 62.5 14.2 8.06 8.80 1220
DR2C
13-Jun-12 ©® - 16.2 8.06 8.10 1135
9-Aug-12 @ - 215 8.28 7.18 1001
12-Sep-12 12.3 13.5 8.28 8.70 1049
19-Oct-12 4.4 6.0 7.63 10.23 1032
13-Nov-12 @ - - - - -
19-Nov-12 © - - - - -
22-Nov-12 © - - - - -
27-Nov-12 © - - - - -
25-Mar-13 20.4 0.1 7.98 9.44 1500
IABLE 4.2-

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

TABLE 4.21
IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)

Parameters
Sample Date Turbidity Temperature pH DO Specific Conductance
(NTU) (°C) (mg/L) (uS/cm)

02-May-13 4.7 1.6 7.44 12.72 1235
14-May-13 12.0 9.4 8.30 10.22 1004
28-May-13 5.8 14.5 8.50 7.97 1008
24-Jul-13 7.5 20.4 8.52 7.48 1050
09-Oct-13 5.0 10.9 8.52 10.90 1072

Notes:

"-" = No Data

1. Equipment malfunction while at sample station
2. Station was not sampled due to technical difficulties with the helicopter

3. Tubidity meter malfunctioned (could not recalibrate in field); no data

4. Sample site location moved due to various reasons including ice cover, water depth, wind effects on helicopter, weather:
LSM1 to 14U 0546956 5740368 (near mouth of DR) on 12-09-2012; 14U 0547613 5741083 (near mouth of DR) on 2-May-2013; to 14U
0553400 5739379 (near R1) on 14-May-2013; to 14U 0549683 5734990 (b/w R1 and DR) on 28-May-2013 and 24-Jul-2013
EC1 to 14U 0554932 5741600 (approx. 150 from original site) on 2-May-2013
EC3 to 14U 0556924 5744039 (approx. 200 m from original site) on 2-May-2013; to 14U 0556973 5744197 on 14-May-2013
BBL to 14U 0558555 5745814 (at lake outlet) on 2-May-2013
BC2 to 14U 0564360 5747210 on 14-May-2013
BC3 to 14U 0562131 5754406 on 2-May-2013

5. Sample not possible due to ice cover.

6. pH is outside of expected range - suspected to be equipment error.

7. Specific conductance meter malfunctioned at station BC2, re-calibrated after station BC4; no data

TABLE 4.21

IN-SITU DATA (SEPTEMBER 2011 - OCTOBER 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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GENERAL WATER QUALITY (2011 -2013)

TABLE 4.2-2

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

Parameters "
Sample Date q 7 7 - q Mercury Dissolved Total
& T.S.S. Ar(l;r:?\‘r;la & Ni’t\:;:;a::s N) ’(\‘;:E;\: (':;:Iltle) T.KN. Total Nitrogen Phozole)rus nggg'iﬁh’:d (Total) Mercury Mercury
P P (ugll)  |(Methyl) (ug/L)| (Methyl) (ug/L)
0.0051/ 0.005 @ @
EQL 2.0 0.01 @ @ 0aws = /|| @ewi - 0.2 0.2 0.01 0.01 0.001 0.000001 0.000001
/0.071 0.05% [/0.05®
02-Sep-11 7.0 <0.050 <0.071 <0.050 | <0.050 1.0 1.0 0.021 0.012 <0.050 - -
26-Sep-11 5.0 <0.050 <0.071 <0.050 | <0.050 23 23 0.024 0.015 <0.050 - -
14-Oct-11 10.0 <0.050 <0.071 <0.050 | <0.050 1.1 1.1 0.021 <0.010 <0.050 - -
29-Oct-11 5.8 0.044 0.009 0.009 | <0.0010 1.1 - 0.016 <0.010 0.0015 - -
02-Nov-11 7.0 0.061 <0.071 <0.050 | <0.050 1.0 1.0 0.019 0.014 <0.050 - -
04-Nov-11 7.0 0.074 <0.071 <0.050 | <0.050 1.1 1.1 0.027 0.013 <0.050 - -
07-Nov-11 19.0 0.083 <0.071 <0.050 | <0.050 1.2 1.2 0.027 0.011 <0.050 - -
10-Nov-11 10.0 0.067 <0.071 <0.050 | <0.050 1.1 1.1 0.025 0.013 <0.050 - -
14-Nov-11 7.0 0.071 <0.071 <0.050 | <0.050 1.1 1.1 0.022 0.014 <0.050 - -
18-Jan-12 <2.0 0.093 0.020 0.018 0.002 1.0 - 0.012 0.012 <0.001 <0.00005 <0.00005
<2.0 0.129 <0.071 <0.050 | <0.050 1.1 1.1 0.015 - - - -
9-Feb-12
<2.0 0.179 <0.071 <0.050 | <0.050 1.2 1.2 0.017 0.010 - - -
<2.0 0.219 <0.071 <0.050 | <0.050 1.8 1.8 0.025 <0.010 - - -
21-Feb-12 ¥
<2.0 0.202 <0.071 <0.050 | <0.050 1.7 1.7 0.021 <0.010 - - -
44 0.160 <0.071 <0.050 | <0.050 1.1 1.1 0.014 <0.010 <0.001 <0.00005 <0.00005
16-Mar-12
2.0 0.192 <0.071 <0.050 | <0.050 1.1 1.1 <0.010 0.011 - - -
14.0 0.028 <0.071 <0.050 | <0.050 1.0 1.0 0.023 0.010 - - -
17-Apr-12 @
7.6 0.026 <0.071 <0.050 | <0.050 1.0 1.0 0.021 <0.010 - - -
LSM1 17-May-12 8.0 - <0.071 <0.0050 | 0.001 1.0 1.0 0.019 <0.010 - - -
13-Jun-12 7.6 0.013 <0.071 <0.050 | <0.050 1.0 1.0 0.020 <0.010 - - -
09-Aug-12 9.8 0.017 <0.071 <0.050 | <0.050 0.4 0.4 0.017 - - - -
12-Sep-12 72.7 0.013 <0.071 <0.050 | <0.050 16 16 0.032 <0.010 - - -
19.2 0.022 <0.071 <0.050 | <0.050 0.9 0.9 0.020 <0.010 - - -
19-Oct-12 @
11.6 0.023 <0.071 <0.050 | <0.050 1.2 1.2 0.020 <0.010 - - -
7.0 0.058 <0.071 <0.050 | <0.050 0.9 0.9 0.017 <0.010 - - -
13-Nov-12 @
7.8 0.057 <0.071 <0.050 | <0.050 0.9 0.9 0.015 <0.010 - - -
4.0 0.074 <0.071 <0.050 | <0.050 0.9 0.9 0.014 <0.010 - - -
19-Nov-12
42 0.071 <0.071 <0.050 | <0.050 0.9 0.9 0.012 <0.010 - - -
3.8 0.083 <0.071 <0.050 | <0.050 0.9 0.9 0.011 <0.010 - - -
22-Nov-12 )
4.0 0.080 <0.071 <0.050 | <0.050 0.9 0.9 0.011 <0.010 - - -
27-Nov-12 © - - - - - - - - - - - -
24-Mar-13 <2.0 0.247 <0.050 0.035 0.002 1.0 1.1 0.010 0.004 <0.0005 <0.000050 | <0.000050
02-May-13 3.2 0.273 <0.071 0.061 <0.050 1.0 1.0 0.019 <0.010 - - -
14-May-13 9.8 0.070 <0.071 <0.050 | <0.050 0.7 0.7 0.043 0.010 - - -
28-May-13 11.0 <0.010 <0.071 <0.050 | <0.050 0.7 0.7 0.021 <0.010 - - -
24-Jul-13 6.5 0.233 <0.071 <0.050 | <0.050 1.0 1.0 0.017 0.010 - - -
09-Oct-13 8.0 0.032 <0.071 <0.050 | <0.050 0.9 0.9 0.014 <0.010 - - -
04-Nov-11 130.0 0.066 <0.071 <0.050 | <0.050 1.3 13 0.065 0.015 <0.050 - -
07-Nov-11 51.0 0.060 <0.071 <0.050 | <0.050 1.1 1.1 0.034 0.011 <0.050 - -
10-Nov-11 20.0 0.068 <0.071 <0.050 | <0.050 1.1 1.1 0.032 0.014 <0.050 - -
14-Nov-11 20.0 0.078 <0.071 <0.050 | <0.050 1.1 1.1 0.026 0.014 <0.050 - -
17-Nov-11 58.0 0.080 <0.071 <0.050 | <0.050 1.2 1.2 0.027 0.010 <0.050 - -
25-Nov-11 17.0 0.088 <0.071 <0.050 | <0.050 1.0 1.0 0.027 0.013 <0.050
17-Jan-12 3.6 0.078 0.023 0.021 0.001 1.0 - 0.013 0.013 <0.001 <0.00005 <0.00005
07-Feb-12 3.6 - - - - - - - - - - -
21-Feb-12 3.6 - - - - - - - - - - -
16-Mar-12 24 0.149 <0.071 <0.050 | <0.050 1.1 1.1 0.035 <0.010 - - -
6.8 0.032 <0.071 <0.050 | <0.050 0.9 0.9 0.018 0.011 - - -
17-Apr-12 © 12.8 - - - - - - - - - - -
17.8 - - - - - - - - - - -
8.4 <0.010 <0.071 <0.050 | <0.050 1.0 1.0 0.013 0.011 - - -
16-May-12 7
7.6 - - - - - - - - - - -

TABLE 4.2-2

GENERAL WATER QUALITY (2011 - 2013)

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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GENERAL WATER QUALITY (2011 -2013)

TABLE 4.2-2

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

Parameters "
Sample Date q 7 7 - q Mercury Dissolved Total
& T.S.S. A?;??\B'a & Ni’t\:;:;a::s N) '(\‘a':":ﬁ (':':"ES T.KN. Total Nitrogen Phozolet;rus Tg:‘(}g'iﬁh’:d (Total) Mercury Mercury
P P (ugll)  |(Methyl) (ug/L)| (Methyl) (ug/L)
0.0051/ 0.005 @ @
EQL 2.0 0.01 @ @ 0aws = /|| @ci - 0.2 0.2 0.01 0.01 0.001 0.000001 0.000001
/0.071 0.05% 1/0.05?
10.0 0.015 <0.071 <0.050 | <0.050 1.1 1.1 0.028 <0.010 - - -
13-Jun-12 7
13.6 - - - - - - - - - - -
EC1
11.0 0.026 <0.071 <0.050 | <0.050 0.3 0.3 0.020 - - - -
09-Aug-12
9.2 - - - - - - - - - - -
138.0 0.012 <0.071 <0.050 | <0.050 1.8 1.8 0.044 <0.010 - - -
12-Sep-12
136.0 - - - - - - - - - - -
18.2 0.037 <0.071 <0.050 | <0.050 1.2 1.2 0.145 <0.010 - - -
19-Oct-12 7
15.4 - - - - - - - - - - -
4.0 0.080 <0.071 <0.050 | <0.050 0.9 0.9 0.014 <0.010 - - -
13-Nov-12 7
8.8 - - - - - - - - - - -
48 0.072 <0.071 <0.050 | <0.050 0.9 0.9 0.017 <0.010 - - -
19-Nov-12 7
48 - - - - - - - - - - -
22-Nov-12 - - - - - - - - - - - -
27-Nov-12 ® - - - - - - - - - - - -
02-May-13 7.3 0.212 0.103 0.103 <0.050 1.3 1.4 0.115 <0.010 - - -
14-May-13 14.0 <0.010 <0.071 <0.050 | <0.050 0.4 0.4 0.056 0.016 - - -
28-May-13 5.7 0.020 <0.071 <0.050 | <0.050 0.3 0.3 0.021 <0.010 - - -
24-Jul-13 10.0 0.050 <0.071 <0.050 | <0.050 <0.20 <0.20 0.011 <0.010 - - -
09-Oct-13 2.4 0.015 <0.071 <0.050 | <0.050 <0.20 <0.20 <0.010 <0.010 - - -
17-Jan-12 4.0 0.015 0.015 | <0.0010 1.0 1.0 0.015 0.013 <0.001 <0.00005 <0.00005
07-Feb-12 4.8 - - - - - - - - - - -
21-Feb-12 238 - - - - - - - - - - -
16-Mar-12 26.8 0.145 <0.071 <0.050 | <0.050 1.1 1.1 0.022 <0.010 - - -
5.6 0.031 <0.071 <0.050 | <0.050 0.9 0.9 0.017 <0.010 - - -
17-Apr-12 7
48.8 - - - - - - - - - - -
6.8 <0.010 <0.071 <0.050 | <0.050 1.0 1.0 0.013 0.011 - - -
16-May-12
6.4 - - - - - - - - - - -
12.8 0.014 <0.071 <0.050 | <0.050 1.1 1.1 0.026 <0.010 - - -
13-Jun-12 "
10.0 - - - - - - - - - - -
10.4 0.035 <0.071 <0.050 | <0.050 0.4 0.4 0.018 - - - -
09-Aug-12
1.4 - - - - - - - - - - -
12-Sep-12 93.3 0.011 <0.071 <0.050 | <0.050 1.8 1.8 0.031 0.035 - - -
EC2 21.0 0.033 <0.071 <0.050 | <0.050 1.0 1.0 0.028 <0.010 - - -
19-Oct-12 7
15.4 - - - - - - - - - - -
6.6 0.074 <0.071 <0.050 | <0.050 0.9 0.9 0.014 <0.010 - - -
13-Nov-12 7
6.4 - - - - - - - - - - -
5.3 0.070 <0.071 <0.050 | <0.050 0.9 0.9 0.014 <0.010 - - -
19-Nov-12 7
46 - - - - - - - - - - -
22-Nov-12 10.4 0.082 <0.071 <0.050 | <0.050 1.0 1.0 0.013 <0.010 - - -
27-Nov-12 ® - - - - - - - - - - - -
27-Mar-13 <2.0 0.284 <0.071 <0.050 | <0.050 0.5 0.5 0.017 0.003 - - -
2-May-13 - - - - - - - - - - - -
14-May-13 15.2 0.414 <0.071 <0.050 | <0.050 1.4 1.4 0.070 0.014 - - -
28-May-13 7.0 0.063 <0.071 <0.050 | <0.050 0.6 0.6 0.034 <0.010 - - -
24-Jul-13 15.0 0.019 <0.071 <0.050 | <0.050 0.4 0.4 0.033 0.013 - - -
09-Oct-13 6.8 0.024 <0.071 <0.050 | <0.050 0.2 0.2 0.012 <0.010 - - -
TABLE 4.2-2
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GENERAL WATER QUALITY (2011 -2013)

TABLE 4.2-2

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

Parameters "
Sample Date q 7 7 - q Mercury Dissolved Total
& T.S.S. Ar(l;r:?\‘r;la & Ni’t\:;:;a::s N) '(\‘;:";ﬁ (N.’;:Iltle) T.KN. Total Nitrogen Phozole)rus nggg'iﬁh’:d (Total) Mercury Mercury
P P (ugll)  |(Methyl) (ug/L)| (Methyl) (ug/L)
0.0051/ 0.005 @ @
EQL 2.0 0.01 @ @ 0aws = /|| @ewi - 0.2 0.2 0.01 0.01 0.001 0.000001 0.000001
/0.071 0.05% /0.05@
17-Jan-12 2.0 - - - - - - - - - - -
07-Feb-12 6.0 - - - - - - - - - - -
21-Feb-12 <2.0 - - - - - - - - - - -
16-Mar-12 6.4 0.144 <0.071 <0.050 | <0.050 1.0 1.0 0.018 <0.010 - - -
6.8 0.031 <0.071 <0.050 | <0.050 0.9 0.9 0.016 0.010 - - -
17-Apr-12 7
48 - - - - - - - - - - -
17.2 0.015 <0.071 <0.050 | <0.050 1.0 1.0 0.027 <0.010 - - -
13-Jun-12 7
7.6 - - - - - - - - - - -
9.6 0.046 <0.071 <0.050 | <0.050 0.5 0.5 0.018 - - - -
09-Aug-12
10.6 - - - - - - - - - - -
12-Sep-12 166.0 0.012 <0.071 <0.050 | <0.050 1.7 1.7 0.075 0.049 - - -
236.0 @ 0.035 <0.071 <0.050 | <0.050 1.1 1.1 0.027 <0.010 - - -
19-Oct-12
EC3 20.4 - - - - - - - - - - -
12.0 0.058 <0.071 <0.050 | <0.050 1.0 1.0 0.017 <0.010 - - -
13-Nov-12 @
15.0 - - - - - - - - - - -
6.4 0.069 <0.071 <0.050 | <0.050 0.8 0.8 0.014 <0.010 - - -
19-Nov-12 @
42 - - - - - - - - - - -
8.8 0.085 <0.071 <0.050 | <0.050 1.0 1.0 0.012 <0.010 - - -
22-Nov-12 "
14.6 - - - - - - - - - - -
27-Nov-12 ® - - - - - - - - - - - -
02-May-13 7.7 0.228 <0.071 <0.050 | <0.050 1.7 1.7 0.101 <0.010 - - -
14-May-13 18.0 0.148 <0.071 <0.050 | <0.050 29 29 0.052 0.015 - - -
28-May-13 5.0 0.040 <0.071 <0.050 | <0.050 0.7 0.7 0.021 <0.010 - - -
24-Jul-13 12.0 0.020 <0.071 <0.050 | <0.050 0.4 0.4 0.027 <0.010 - - -
09-Oct-13 44 <0.010 <0.071 <0.050 | <0.050 0.3 0.3 0.014 <0.010 - - -
27-Mar-13 <2.0 1.910 <0.050 <0.0050 | <0.0010 33 3.3 0.044 0.033 0.00065 0.000201 0.000311
02-May-13 5.3 1.080 <0.071 <0.050 | <0.050 2.3 2.3 0.041 <0.010 - - -
14-May-13 25.7 1.100 <0.071 0.064 <0.050 1.8 1.8 0.043 0.014 - - -
BBL
28-May-13 8.0 0.072 <0.071 <0.050 | <0.050 1.0 1.0 0.028 0.011 - - -
24-Jul-13 35 0.312 <0.071 <0.050 | <0.050 16 16 0.020 0.014 - - -
09-Oct-13 3.6 0.081 <0.071 <0.050 | <0.050 1.0 1.0 0.010 <0.010 - - -
02-Sep-11 5.0 <0.050 <0.071 <0.050 | <0.050 1.1 1.1 0.023 0.021 <0.050 - -
26-Sep-11 <5.0 <0.050 <0.071 <0.050 | <0.050 1.0 1.0 0.019 0.016 <0.050 - -
14-Oct-11 6.0 <0.050 <0.071 <0.050 | <0.050 0.9 0.9 <0.010 <0.010 <0.050 - -
29-Oct-11 <2.0 <0.010 0.031 0.031 | <0.0010 0.8 - 0.024 0.020 0.0019 - -
02-Nov-11 <5.0 <0.050 <0.071 <0.050 | <0.050 0.8 0.8 0.021 0.020 <0.050 - -
17-Jan-12 2.8 - - - - - - - - -
07-Feb-12 <2.0 - - - - - - - - - - -
21-Feb-12 <2.0 - - - - - - - - - - -
16-Mar-12 4.0 0.134 <0.071 <0.050 | <0.050 1.0 1.0 0.018 <0.010 - - -
<2.0 0.022 <0.071 <0.050 | <0.050 0.8 0.8 0.015 <0.010 - - -
17-Apr-12 7
<2.0 - - - - - - - - - - -
13-Jun-12 32 0.013 <0.071 <0.050 | <0.050 0.8 0.8 0.013 <0.010 - - -
4.0 0.044 <0.071 <0.050 | <0.050 0.4 0.4 0.017 - - - -
09-Aug-12
<2.0 - - - - - - - - - - -
12-Sep-12 6.4 0.034 <0.071 <0.050 | <0.050 0.8 0.8 0.023 0.010 - - -
438 0.041 0.114 0.114 <0.050 0.8 0.9 0.014 <0.010 - - -
BC1 19-Oct-12 7
6.5 - - - - - - - - - - -
5.4 0.075 <0.071 <0.050 | <0.050 0.9 0.9 0.013 <0.010 - - -
13-Nov-12 7
24 - - - - - - - - - - -
52 0.075 <0.071 <0.050 | <0.050 0.8 0.8 0.015 <0.010 - - -
19-Nov-12 7
<2.0 - - - - - - - - - - -
52 0.097 0.079 0.079 <0.050 0.9 1.0 <0.010 <0.010 - - -
22-Nov-12 7
3.8 - - - - - - - - - - -

TABLE 4.2-2
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GENERAL WATER QUALITY (2011 -2013)

TABLE 4.2-2

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

Parameters ")
Sample Date TEE Ammonia Nitrate Nitrate Nitrite TKN. |Total Nitrogen Total Total Dissolved "?.?;f:l?' Dhi/‘s:g:;d M-I(-::(‘:ilry
(as N) & Nitrite (as N) (as N) (as N) Phosphorus Phosphorus (ugll) (Methyl) (ug/L)| (Methyl) (ug/L)
EQL 2.0 0.01 0(2?0/5‘;/070103)5 0ues (Z) /|| @ewi ((23)) 0.2 0.2 0.01 0.01 0.001 0.000001 0.000001
. 0.05 /0.05
27 -Nov.12 33 0.374 <0.071 <0.050 <0.050 1.2 1.2 0.015 <0.010 - - -
4.4 0.368 <0.071 <0.050 <0.050 1.2 1.2 0.014 <0.010 - - -
27-Mar-13 <2.0 1.440 <0.071 <0.050 <0.050 27 28 0.031 0.023 - - -
247 1.530 <0.071 <0.050 <0.050 22 22 0.049 <0.010 - - -
2-May-13 4
23.0 1.130 <0.071 <0.050 <0.050 2.6 26 0.051 <0.010 - - -
14-May-13 18.3 0.432 <0.071 <0.050 <0.050 1.1 1.1 0.038 0.010 - - -
28-May-13 1.5 0.085 <0.071 <0.050 <0.050 0.8 0.8 0.026 <0.010 - - -
24-Jul-13 4.0 0.124 0.076 0.076 <0.050 1.2 1.2 0.021 0.014 - - -
09-Oct-13 28 0.044 0.087 0.087 <0.050 0.9 1.0 0.011 <0.010 - - -
02-Sep-11 <5.0 <0.050 <0.071 <0.050 <0.050 1.1 1.1 0.018 0.018 <0.050 - -
26-Sep-11 6.0 <0.050 <0.071 <0.050 <0.050 0.9 0.9 0.020 0.017 <0.050 - -
14-Oct-11 <5.0 <0.050 <0.071 <0.050 <0.050 0.9 0.9 0.011 <0.010 <0.050 - -
29-Oct-11 <2.0 <0.010 0.006 0.006 <0.0010 0.8 - 0.025 0.022 0.0016 - -
02-Nov-11 <5.0 <0.050 <0.071 <0.050 <0.050 0.8 0.8 0.019 0.018 <0.050 - -
04-Nov-11 30.0 <0.050 <0.071 <0.050 <0.050 1.0 1.0 0.042 0.016 <0.050 - -
07-Nov-11 220 <0.050 <0.071 <0.050 <0.050 1.0 1.0 0.025 0.013 <0.050 - -
10-Nov-11 13.0 <0.050 <0.071 <0.050 <0.050 1.0 1.0 0.026 0.015 <0.050 - -
14-Nov-11 10.0 <0.050 <0.071 <0.050 <0.050 1.0 1.0 0.020 0.014 <0.050 - -
17-Nov-11 13.0 0.080 <0.071 <0.050 <0.050 1.0 1.0 0.011 <0.010 <0.050 - -
17-Jan-12 4.0 0.069 0.023 0.021 0.002 1.0 1.0 0.017 0.011 <0.001 <0.00005 <0.00005
07-Feb-12 4.8 0.101 <0.071 <0.050 <0.050 1.1 11 0.014 - - - -
21-Feb-12 4.4 0.123 <0.071 <0.050 <0.050 1.0 1.0 0.016 0.014 - - -
16-Mar-12 8.8 0.125 <0.071 <0.050 <0.050 1.0 1.0 0.020 <0.010 - - -
17-Apr12 o 20 0.020 <0.071 <0.050 <0.050 0.8 0.8 0.015 <0.010 - - -
20 - - - - - - - - - - -
BC2 16-May-12 24 <0.010 <0.071 <0.050 <0.050 0.9 0.9 0.010 <0.010 - - -
13-Jun-12 4.8 0.019 <0.071 <0.050 <0.050 0.9 0.9 0.015 <0.010 - - -
09-Aug-12 6.6 0.035 <0.071 <0.050 <0.050 0.4 0.4 0.019 - - -
12-Sep-12 10.6 0.032 <0.071 <0.050 <0.050 0.9 0.9 0.019 <0.010 - - -
7.2 0.052 0.075 0.075 <0.050 0.8 0.9 0.016 <0.010 - - -
19-Oct-12 7
5.0 - - - - - - - - - - -
13-Nov-12 #" - - - - - - - - - - - -
214 0.078 <0.071 <0.050 <0.050 0.8 0.8 0.016 <0.010 - - -
19-Nov-12 7
8.0 - - - - - - - - - - -
22-Nov-12 6.6 0.096 <0.071 0.069 <0.050 0.9 0.9 0.012 <0.010 - - -
27-Nov-12 28 0.364 <0.071 <0.050 <0.050 1.2 1.2 0.013 <0.010
27-Mar-13 <2.0 1.550 <0.071 <0.050 <0.050 28 28 0.054 0.023 - - -
02-May-13 20.0 1.51 <0.071 <0.050 <0.050 21 21 0.049 <0.010 - - -
14-May-13 16.0 0.381 <0.071 <0.050 <0.050 1.0 1.0 0.034 0.011 - - -
28-May-13 8.5 0.064 <0.071 <0.050 <0.050 1.1 1.1 0.022 <0.010 - - -
24-Jul-13 5.0 0.087 0.102 0.102 <0.050 1.3 1.4 0.023 0.013 - - -
09-Oct-13 5.6 <0.010 <0.071 0.052 <0.050 1.0 1.0 0.016 <0.010 - - -
TABLE 4.2-2
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GENERAL WATER QUALITY (2011 -2013)

TABLE 4.2-2

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

Parameters "
Sample Date q 7 7 - q Mercury Dissolved Total
& T.S.S. Ar(l;r:?\‘r;la & Ni’t\:;:;a::s N) ’(\‘;:E;\: (':;:Iltle) T.KN. Total Nitrogen Phozole)rus nggg'iﬁh’:d (Total) Mercury Mercury
P P (ugll)  |(Methyl) (ug/L)| (Methyl) (ug/L)
0.0051/ 0.005 @ @
EQL 2.0 0.01 @ @ 0ues = /|| @ewi - 0.2 0.2 0.01 0.01 0.001 0.000001 0.000001
/0.071 0.05% |/0.057

7-Feb-12 5.2 - - - - - - - - - - -
21-Feb-12 4.8 - - - - - - - - - - -
16-Mar-12 16.0 0.128 <0.071 <0.050 | <0.050 1.0 1.0 0.024 <0.010 - - -
24 0.018 <0.071 <0.050 | <0.050 0.8 0.8 0.014 0.010 - - -

17-Apr-12 7
<2.0 - - - - - - - - - - -
16-May-12 <2.0 <0.010 <0.071 <0.050 | <0.050 0.9 0.9 0.011 0.010 - - -
13-Jun-12 4.4 0.021 <0.071 <0.050 | <0.050 <0.20 <0.20 0.016 <0.010 - - -
7.8 0.035 <0.071 <0.050 | <0.050 0.3 0.3 0.021 - - - -

09-Aug-12
8.0 - - - - - - - - - - -
12-Sep-12 1.3 0.032 <0.071 <0.050 | <0.050 0.9 0.9 0.019 <0.010 - - -
5.4 0.054 0.073 0.073 <0.050 0.9 0.9 0.019 <0.010 - - -

19-Oct-12 7
BC4 6.8 - - - - - - - - - - -
13-Nov-12 ®" - - - - - - - - - - - -
226 0.081 <0.071 <0.050 | <0.050 0.8 0.8 0.015 <0.010 - - -

19-Nov-12 @
20.8 - - - - - - - - - - -
7.2 0.098 0.074 0.074 <0.050 0.9 0.9 0.012 <0.010 - - -

22-Nov-12 "
5.8 - - - - - - - - - - -
27-Nov-12 ® - - - - - - - - - - - -
02-May-13 16.3 1.100 <0.071 <0.050 | <0.050 1.8 1.8 0.040 <0.010 - - -
14-May-13 183 0.375 <0.071 <0.050 | <0.050 1.0 1.0 0.034 0.010 - - -
28-May-13 7.6 0.064 <0.071 <0.050 | <0.050 0.8 0.8 0.022 <0.010 - - -
24-Jul-13 8.0 0.064 0.116 0.116 <0.050 11 12 0.024 0.012 - - -
09-Oct-13 6.4 <0.010 <0.071 <0.050 | <0.050 0.9 0.9 0.017 <0.010 - - -
7-Feb-12 36 - - - - - - - - - - -
21-Feb-12 3.2 - - - - - - - - - - -
16-Mar-12 17.6 0.130 <0.071 <0.050 | <0.050 1.0 1.0 0.023 <0.010 - - -
17-Apr-12 4.0 0.019 <0.071 <0.050 | <0.050 0.8 0.8 0.015 0.010 - - -
16-May-12 3.6 <0.010 <0.071 <0.050 | <0.050 0.9 0.9 0.011 0.010 - - -
13-Jun-12 5.2 0.022 <0.071 <0.050 | <0.050 0.8 0.8 0.017 <0.010 - - -
6.6 0.034 <0.071 <0.050 | <0.050 0.4 0.4 0.018 - - - -

09-Aug-12
6.6 - - - - - - - - - - -
12-Sep-12 108 0.035 <0.071 <0.050 | <0.050 0.8 0.8 0.019 <0.010 - - -
7.2 0.055 0.074 0.074 <0.050 1.0 1.0 0.015 <0.010 - - -

19-Oct-12 7
108 - - - - - - - - - - -
6.4 0.090 <0.071 <0.050 | <0.050 0.9 0.9 0.016 <0.010 - - -

BC5 13-Nov-12 7
6.2 - - - - - - - - - - -
21.0 0.081 <0.071 <0.050 | <0.050 0.9 0.9 0.015 <0.010 - - -

19-Nov-12 7
32.2 - - - - - - - - - - -
22-Nov-12 7.8 0.103 0.077 0.077 <0.050 0.9 1.0 0.011 <0.010 - - -
27-Nov-12 ® - - - - - - - - - - - -
02-May-13 13.0 1.15 <0.071 0.063 <0.050 15 15 0.035 <0.010 - - -
14-May-13 16.7 0.389 <0.071 <0.050 | <0.050 15 15 0.037 0.015 - - -
28-May-13 1.5 0.055 <0.071 <0.050 | <0.050 0.8 0.8 0.024 <0.010 - - -
9.0 0.049 0.098 0.098 <0.050 1.0 11 0.026 0.013 - - -

24-Jul-13 )
9.5 0.074 0.100 0.100 <0.050 1.1 1.2 0.027 0.013 - - -
8.4 <0.010 <0.071 <0.050 | <0.050 1.0 1.0 0.021 <0.010 - - -

9-Oct-13
8.4 <0.010 <0.071 <0.050 | <0.050 0.9 0.9 0.020 <0.010 - - -
02-May-13 21.6 - - - - - - - - B B B
14-May-13 20.0 - - - - - - - - - - -
28-May-13 1.5 - - - - - - - - - - -
24-Jul-13 10.0 - - - - - - - - - - -

BC-TM

9.5 - - - - - - - - - - -

14-Aug-13 @)
105 - - - - - - - - - - -
09-Oct-13 8.8 - - - - - - - - - - B
16-Oct-13 6.8 - - - - - - - - - - -

TABLE 4.2-2
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GENERAL WATER QUALITY (2011 -2013)

TABLE 4.2-2

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

Parameters ")
Sample Date TEE Ammonia Nitrate Nitrate Nitrite TKN. |Total Nitrogen Total Total Dissolved "?.?;f:;;y D'\i/‘s:g:;d M-I(-::(‘:ilry
(as N) & Nitrite (as N) (as N) (as N) Phosphorus Phosphorus (ugll) (Methyl) (ug/L)| (Methyl) (ug/L)
EQL 2.0 0.01 0{2?0/5‘:/070103)5 0ues (z) /|| @ewi ((23)) 0.2 0.2 0.01 0.01 0.001 0.000001 0.000001
. 0.05 /0.05

02-Sep-11 6.0 <0.050 <0.071 <0.050 <0.050 1.0 1.0 0.026 0.017 <0.050 - -
26-Sep-11 <5.0 <0.050 <0.071 <0.050 <0.050 1.0 1.0 0.020 0.018 <0.050 - -
14-Oct-11 <5.0 <0.050 <0.071 <0.050 <0.050 1.0 1.0 0.015 <0.010 <0.050 - -
29-Oct-11 4.4 <0.010 <0.0051 <0.0050 | <0.0010 0.7 - 0.011 0.011 0.002 - -
02-Nov-11 <5.0 <0.050 <0.071 <0.050 <0.050 0.7 0.7 0.020 0.018 <0.050 - -
04-Nov-11 60.0 <0.050 <0.071 <0.050 <0.050 1.2 1.2 0.061 0.014 <0.050 - -
07-Nov-11 40.0 <0.050 <0.071 <0.050 <0.050 0.9 0.9 0.034 0.012 <0.050 - -
10-Nov-11 26.0 <0.050 <0.071 <0.050 <0.050 1.2 1.2 0.031 0.013 <0.050 - -
14-Nov-11 17.0 <0.050 <0.071 <0.050 <0.050 1.3 1.3 0.023 0.013 <0.050 - -
17-Nov-11 20.0 0.065 <0.071 <0.050 <0.050 1.0 1.0 0.012 <0.010 <0.050 - -
25-Nov-11 32.0 0.054 <0.071 <0.050 <0.050 1.0 1.0 0.035 0.011 <0.050 - -

17-Jan-12 4.8 0.065 0.025 0.024 0.001 1.0 1.0 0.014 0.012 <0.001 <0.00005 <0.00005
07-Feb-12 6.8 - - - - - - - - - - -
21-Feb-12 6.4 - - - - - - - - - - -
16-Mar-12 244 0.125 <0.071 <0.050 <0.050 1.4 1.4 0.020 <0.010 - - -
17-Apr-12 6.4 0.019 <0.071 <0.050 <0.050 0.8 0.8 0.015 0.011 - - -

6.8 - <0.050 <0.0050 | <0.0010 0.9 0.9 0.012 0.011 0.0010 0.000076 0.000116
16-May-12 © 8.4 - <0.0051 <0.0050 | <0.0010 0.9 0.9 0.012 0.010 - - -
B3 8.0 - <0.050 <0.0050 | <0.0010 1.0 1.0 <0.014 0.010 - - -
13-Jun-12 5.6 0.026 <0.071 <0.050 <0.050 0.8 0.8 0.019 <0.010 - - -
9.0 0.036 <0.071 <0.050 <0.050 0.4 0.4 0.020 - - - -

09-Aug-12
7.8 - - - - - - - - - - -
12-Sep-12 13.3 0.035 <0.071 <0.050 <0.050 0.8 0.8 0.017 <0.010 - - -
19:00t42 8.3 0.058 0.076 0.076 <0.050 0.8 0.9 0.015 <0.010 - - -
6.8 - - - - - - - - - - -
13Nov-12D 7.6 0.088 <0.071 <0.050 <0.050 0.9 0.9 0.015 <0.010 - - -
6.4 - - - - - - - - - - -
19Nov-12D 19.7 0.093 <0.071 <0.050 <0.050 0.9 0.9 0.017 <0.010 - - -
16.4 - - - - - - - - - - -
22-Nov-12 7.8 0.105 0.076 0.076 <0.050 0.9 1.0 0.012 <0.010 - - -
27-Nov-12 © - - - - - - - - - - - -
02-May-13 16.0 0.211 0.086 0.086 <0.050 1.4 1.5 0.035 <0.010 - - -
14-May-13 15.3 0.355 <0.071 <0.050 <0.050 1.3 1.3 0.041 0.012 - - -
28-May-13 15.0 0.029 <0.071 <0.050 <0.050 0.7 0.7 0.028 <0.010 - - -
24-Jul-13 10.5 0.020 0.073 0.073 <0.050 1.0 1.0 0.029 0.014 - - -
09-Oct-13 15.2 <0.010 <0.071 <0.050 <0.050 0.9 0.9 0.025 <0.010 - - -
02-Sep-11 8.0 <0.050 <0.071 <0.050 <0.050 1.0 1.0 0.023 0.012 <0.050 - -
26-Sep-11 <5.0 0.057 <0.071 <0.050 <0.050 1.3 1.3 0.023 0.013 <0.050 - -
14-Oct-11 <5.0 <0.050 <0.071 <0.050 <0.050 1.5 1.5 0.022 <0.010 0.087 - -
29-Oct-11 8.0 0.069 0.017 0.015 0.0026 1.1 - 0.017 <0.010 <0.0010 - -
02-Nov-11 <5.0 0.075 <0.071 <0.050 <0.050 1.5 1.5 0.021 0.013 <0.050 - -
04-Nov-11 12.0 0.082 <0.071 <0.050 <0.050 1.1 1.1 0.025 0.015 <0.050 - -
07-Nov-11 8.0 0.091 <0.071 <0.050 <0.050 1.0 1.0 0.019 0.012 <0.050 - -
10-Nov-11 <5.0 0.089 <0.071 <0.050 <0.050 1.1 1.1 0.022 0.013 <0.050 - -
14-Nov-11 6.0 0.092 <0.071 <0.050 <0.050 1.0 1.0 0.019 0.013 <0.050 - -
17-Nov-11 9.0 0.090 <0.071 <0.050 <0.050 1.0 1.0 0.010 0.012 <0.050 - -
25-Nov-11 7.0 0.147 <0.071 <0.050 <0.050 0.9 0.9 0.021 0.015 <0.050 - -
TABLE 4.2-2

GENERAL WATER QUALITY (2011 - 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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GENERAL WATER QUALITY (2011 -2013)

TABLE 4.2-2

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

Parameters "
Sample Date q 7 7 - q Mercury Dissolved Total
& T.S.S. Ar(l;r:?\‘r;la & Ni’t\:;:;a::s N) '(\g:i:? (':;:Iltle) T.KN. Total Nitrogen Phozo'r?cl)rus T‘ﬁzzgliﬁh’:d (Total) Mercury Mercury
P P (ugll)  |(Methyl) (ug/L)| (Methyl) (ug/L)
0.0051/ 0.005 @ @
EQL 2.0 0.01 @ @ 0ues . /|| @ewi - 0.2 0.2 0.01 0.01 0.001 0.000001 0.000001
/0.071 0.05% /0.05@
18-Jan-12 <2.0 0.114 0.029 0.026 0.003 1.1 1.1 0.022 - <0.001 <0.00005 <0.00005
07-Feb-12 24 - - - - - - - - - - -
09-Feb-12 <2.0 0.179 <0.071 <0.050 | <0.050 1.2 12 0.017 - - - -
21-Feb-12 <2.0 0.216 <0.071 <0.050 | <0.050 12 12 0.016 <0.010 - - -
16-Mar-12 6.8 0.168 <0.071 <0.050 | <0.050 11 1.1 0.029 <0.010 - - -
17-Apr-12 6.4 0.042 <0.071 <0.050 | <0.050 0.9 0.9 0.018 0.011 - - -

128 - <0.0051 <0.0050 | <0.0010 1.0 1.0 0.013 <0.010 0.0011 <0.00005 0.000073

16-May-12 ")

116 - - - - - - - - - -

12.0 0.038 <0.071 <0.050 | <0.050 1.0 1.0 0.026 <0.010 - - -

13-Jun-12 7
8.4 - - - - - - - - - - -
106 0.017 <0.071 <0.050 | <0.050 0.3 0.3 0.019 - - - -
09-Aug-12
DR1 9.8 - - - - - - - - - - -
12-Sep-12 25.6 <0.010 <0.071 <0.050 | <0.050 0.9 0.9 0.013 <0.010 - - -
21.2 0.049 <0.071 <0.050 | <0.050 1.0 1.0 0.021 <0.010 - - -

19-Oct-12

19.2 - - - - - - - - - - -

6.6 0.057 <0.071 <0.050 | <0.050 0.9 0.9 0.015 <0.010 - - -

13-Nov-12 @

8.6 - - - - - - - - - - -

10.0 0.074 <0.071 <0.050 | <0.050 0.9 0.9 0.016 <0.010 - - -

19-Nov-12 @

7.2 - - - - - - - - - - -
22-Nov-12 6.6 0.077 <0.071 <0.050 | <0.050 0.9 0.9 0.011 <0.010 - - -

46 0.088 <0.071 <0.050 | <0.050 1.0 1.0 0.010 <0.010 - - -

27-Nov-12 7

48 - - - - - - - - - - -
26-Mar-13 <2.0 0.263 0.046 0.044 0.002 1.2 1.2 0.011 0.004 0.00025 <0.000050 | <0.000050

17 0.83 <0.071 <0.050 | <0.050 11 11 0.014 <0.010 - - -

2-May-13 )

7.0 - - - - - - - - - - -

108 0.082 <0.071 <0.050 | <0.050 1.0 1.0 0.017 <0.010 - - -

14-May-13 )
10.0 - - - - - - - - - - -
15 <0.010 <0.071 <0.050 | <0.050 0.7 0.7 0.020 <0.010 - - -
28-May-13 @ 11.0 0.013 <0.071 <0.050 | <0.050 0.7 0.7 0.020 <0.010 - - -
12.0 - - - - - - - - - - -
8.5 <0.010 <0.071 <0.050 | <0.050 0.9 0.9 0.019 0.010 - - -
24-Jul-13 7

8.5 - - - - - - - - - - -

7.6 <0.010 <0.071 <0.050 | <0.050 0.9 0.9 0.015 <0.010 - - -
9-Oct-13

7.6 - - - - - - - - - - -
14-Aug-13 6.0 - - - - - - - - - - -

DR-TM 7.2 - - - - - - o - - - B
16-Oct-13 @

8.0 - - - - - - - - - - -
02-Sep-11 7.0 <0.050 <0.071 <0.050 | <0.050 12 12 0.024 0.014 <0.050 - -
26-Sep-11 5.0 0.057 <0.071 <0.050 | <0.050 12 1.2 0.025 0.013 <0.050 - -
14-Oct-11 7.0 <0.050 <0.071 <0.050 | <0.050 1.1 11 0.020 <0.010 <0.050 - -
29-Oct-11 7.5 0.068 0.017 0.015 0.002 1.1 - 0.017 <0.010 <0.0010 - -
02-Nov-11 8.0 0.074 <0.071 <0.050 | <0.050 1.0 1.0 0.020 0.014 <0.050 - -
04-Nov-11 69.0 <0.050 <0.071 <0.050 | <0.050 1.1 1.1 0.070 0.019 <0.050 - -
07-Nov-11 64.0 <0.050 <0.071 <0.050 | <0.050 1.1 11 0.052 0.031 <0.050 - -
10-Nov-11 26.0 <0.050 <0.071 <0.050 | <0.050 1.1 1.1 0.033 0.014 <0.050 - -
14-Nov-11 27.0 <0.050 <0.071 <0.050 | <0.050 1.0 1.0 0.025 0.014 <0.050 - -
17-Nov-11 16.0 <0.050 <0.071 <0.050 | <0.050 1.0 1.0 0.016 0.014 <0.050 - -
25-Nov-11 220 0.057 <0.071 <0.050 | <0.050 0.8 0.8 0.032 0.012 <0.050 - -

7-Feb-12 3.2 - - - - - - - - - - -
21-Feb-12 28 - - - - - - - - - - -
16-Mar-12 5.6 0.164 <0.071 <0.050 | <0.050 11 1.1 0.018 <0.010 - - -
17-Apr-12 4.0 0.039 <0.071 <0.050 | <0.050 1.0 1.0 0.018 0.011 - - -

3.6 <0.010 <0.071 <0.050 | <0.050 0.8 0.8 0.010 0.010 - - -

16-May-12 )

7.2 - - - - - - - - - -

TABLE 4.2-2

GENERAL WATER QUALITY (2011 - 2013)
LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM
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GENERAL WATER QUALITY (2011 -2013)

TABLE 4.2-2

LAKE ST. MARTIN EMERGENCY OUTLET CHANNEL SYSTEM

Parameters "
Sample Date q 7 7 - q Mercury Dissolved Total
& T.S.S. Ar(l;r:?\‘r;la & Ni’t\:;:;a::s N) ’(\‘;:E;\: (':;:Iltle) T.KN. Total Nitrogen Phozole)rus nggg'iﬁh’:d (Total) Mercury Mercury
P P (ugll)  |(Methyl) (ug/L)| (Methyl) (ug/L)
0.0051/ 0.005 @ @
EQL 2.0 0.01 @ @ 0aws = /|| @ewi - 0.2 0.2 0.01 0.01 0.001 0.000001 0.000001
/0.071 0.05% 1/0.05?

2.3 0.026 <0.071 <0.050 | <0.050 0.8 0.8 0.018 <0.010 - - -

13-Jun-12 7
112 - - - - - - - - - - -
DR3 8.0 0.023 <0.071 <0.050 | <0.050 0.3 0.3 0.019 - - - -

09-Aug-12
8.2 - - - - - - - - - - -
12-Sep-12 21.2 0.017 <0.071 <0.050 | <0.050 1.0 1.0 0.024 <0.010 - - -
