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Statement of Qualifications and Limitations

The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“Consultant”) for the benefit of the client (“Client”) in
accordance with the agreement between Consultant and Client, including the scope of work detailed therein (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):

e s subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications
contained in the Report (the “Limitations”);

e represents Consultant’s professional judgement in light of the Limitations and industry standards for the preparation
of similar reports;
may be based on information provided to Consultant which has not been independently verified,;
has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and
circumstances in which it was collected, processed, made or issued;
must be read as a whole and sections thereof should not be read out of such context;
was prepared for the specific purposes described in the Report and the Agreement; and
in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the
assumption that such conditions are uniform and not variable either geographically or over time.

Consultant shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no
obligation to update such information. Consultant accepts no responsibility for any events or circumstances that may have
occurred since the date on which the Report was prepared and, in the case of subsurface, environmental or geotechnical
conditions, is not responsible for any variability in such conditions, geographically or over time.

Consultant agrees that the Report represents its professional judgement as described above and that the Information has been
prepared for the specific purpose and use described in the Report and the Agreement, but Consultant makes no other
representations, or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the
Information or any part thereof.

Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or
construction schedule provided by Consultant represent Consultant’s professional judgement in light of its experience and the
knowledge and information available to it at the time of preparation. Since Consultant has no control over market or economic
conditions, prices for construction labour, equipment or materials or bidding procedures, Consultant, its directors, officers and
employees are not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether express or
implied, with respect to such estimates or opinions, or their variance from actual construction costs or schedules, and accept no
responsibility for any loss or damage arising therefrom or in any way related thereto. Persons relying on such estimates or
opinions do so at their own risk.

Except (1) as agreed to in writing by Consultant and Client; (2) as required by-law; or (3) to the extent used by governmental
reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied
upon only by Client.

Consultant accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to
the Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or
decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those
parties have obtained the prior written consent of Consultant to use and rely upon the Report and the Information. Any injury, loss
or damages arising from improper use of the Report shall be borne by the party making such use.

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject
to the terms hereof.

AECOM: 2012-01-06
© 2009-2012 AECOM Canada Ltd. All Rights Reserved.
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Executive Summary

In accordance with the Canadian Environmental Assessment Agency (CEAA) document Guidelines for the
Preparation of an Environmental Impact Statement — Howse Property Iron Mine, a noise and vibration assessment is
required for the operation of the proposed Howse mining site. This report documents the impact of noise, ground
vibration, and blasting overpressure on sensitive receptors surrounding the Howse Mining Site.

The proposed Howse mining site is located in Newfoundland and Labrador, approximately twenty three kilometres
northwest of Schefferville, Quebec, near the provincial border of Newfoundland and Labrador, and Quebec. The site
will be located in close proximity to the Direct Shipping Ore 3 (DSO3) project. DSO3 consists of Timmins 3, Timmins
4, Timmins 7, and Fleming 7 mining sites, in addition to production plants.

Results of the environmental noise assessment (see Section 4.1.3) indicate that the operation of the new Howse
mining site will have an impact of 5dB at receptor R13 (Naskapi-Uashat People's Camp), located northwest of the
Howse Mine. The largest contributors to this exceedance are the Howse Mine track drill (used for drilling of holes for
blasting at the Howse Mine) and nearby First Nations crusher (located next to the east side of the Howse mining
site). It is likely that this impact will result in negative community response. Howse Minerals Limited has committed to
preparing a mitigation plan for the Howse mine track drill (the highest source of noise impact), should complaints
occur (discussed in Section 4.1.4). Note that the First Nation’s crusher contributes to the project noise levels (2™
highest noise impact) causing an exceedance. Addressing noise levels from the First nation’s crusher will reduce the
likelihood of potential complaints.

The blast impact analysis addresses blasting feasibility based on Quebec’s “DIRECTIVE 019-SUR L'INDUSTRIE
MINIERE, MARS 2012” and the Ministry of the Environment (MOE) Model Municipal Noise Control By-law (NPC
119). Given that mining operations have not been undertaken in the past on this specific property, site-specific blast
data is not available. Vibration and overpressure levels from the blasting are predicted using MOE 1985 “Guidelines
on Information Required for Assessment of Blasting Noise and Vibration” models. It is a recommendation of this
report that a vibration and overpressure monitoring program be initiated onsite upon the commencement of blasting
operations to further develop blasting plans. Details on blasting program and monitoring recommendations are
provided in Section 4.2.4.
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1. Introduction

In accordance with the Canadian Environmental Assessment Agency (CEAA) document Guidelines for the
Preparation of an Environmental Impact Statement — Howse Property Iron Mine, an environmental assessment is
required for the operation of the proposed Howse Mine site. The proposed Howse Mine is located in close proximity
to the Direct Shipping Ore 3 (DSO3) project site. As part of the environmental assessment, this report documents
the impact of noise, ground vibration, and overpressure on sensitive receptors surrounding the Howse Mine site.

Noise and Vibration sensitive areas were identified using land use maps, and a DSO3 project site map. These areas
include a nearby workers’ camp, towns, and Innu, Uashat-Mani-Utenam, and Naskapi camps. Worst case (typically
the closest to mining operations) receptors were assessed. Areas further removed from mining operations will
receive lower noise and vibration impacts. Receptors are presented in Appendix A and are further discussed in
Section 3.

2. Background

The proposed Howse Mine site is located in Newfoundland and Labrador, approximately twenty-three kilometres
northwest of Schefferville, Quebec, near the provincial border of Quebec and Newfoundland and Labrador. The site
will be located in the vicinity of the DSOS3 project. The DSO3 operations include the Timmins 3, Timmins 4,

Timmins 7, and Fleming 7 mine sites, in addition to the Main Processing Plant and Plant 2 complexes. Noise
sources associated with DSO3 include excavation, drilling, grading, trucking activities, and ore processing (crushing,
screening, drying).

The addition of the Howse Mine will result in the following operational changes:

e Additional crushing/screening/drying area near the rail loop (this area is referred to as Howse Mini-Plant)
e Operation of new Howse Mine site

¢ Increased haul truck and train operations

¢ Mining plan changes for Timmins and Fleming mine sites

e First Nations crushing plant near Howse Mine

3. Receptors

A number of locations in Newfoundland and Labrador and Quebec were identified as noise and vibration sensitive
areas surrounding the production plants and mining sites. These locations included:

. Innu Camps

. Innu-Uashat-Mani-Utenam Camps

. Naskapi Camps

. Workers’ Camp

. Towns (Schefferville, Kawawachikamach, Lac John and Matimekush®)

The study area boundaries were within available land use mapping limits, and include worst case receptors in every
direction surrounding the Howse Mine. Fourteen receptors were modelled representing the worst case location
(typically the closest to mining operations) of each noise sensitive area. Areas further removed from mining
operations will receive lower noise and vibration impacts. Assessment criteria differs between Newfoundland and

1 Schefferville was assessed instead of Kawawachikamach, Lac John, and Matimekush as Schefferville is in closer proximity to the

mining operations.
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Labrador, and Quebec, therefore criteria for each receptor varied based upon their location. Assessment criteria for

both provinces are further discussed in Section 4.1.1.

Table 1 details each modelled receptor and the noise sensitive area(s) it represents. Locations and impact results
(further discussed in Section 4.1.3) are presented in Appendix A.

Table 1: Modelled Receptors

Receptor Name Receptor ID Province Description

TSMC Workers’ Camp o Newfoundland and | Workers’ camp, located approximately 700 metres south of Timmins 3 Mine
Labrador site, 5.2 kilometres southeast of Howse Mine.

Innu Tent 1 R7 Newfoundland and |Innu tent site, located approximately 4.7 kilometres south of Howse Mine site,
Labrador north of Elross Lake.

Innu Cabin 3 e Quebec Innu cabin site, located approximately 12.8 kilometres east of Howse Mine site,

near Lac La Cosa.

Young Naskapi Camp 7 R9 Newfoundland and |Young Naskapi camp site on east edge of Pinette Lake, located approximately

(Pinette Lake) Labrador 950 metres southeast of Howse Mine.

Young Naskapi Camp 3 _ Newfoundland and | Young Naskapi camp site, located approximately 1000 metres north west of
Labrador Howse Mine site, across the river from Irony Mountain.

Young Naskapi Trailer R11 Newfoundland and |Young Naskapi trailer site, located approximately 1.6 kilometres northwest of

Tent (Triangle Lake) Labrador Howse Mine site, southeast of Triangle Lake.

Young Naskapi Camp 5 i Newfoundland and | Young Naskapi camp site on the east side of Elross Creek, located

(Elross Creek) Labrador approximately 3.9 kilometres southeast of Howse Mine site.

Naskapi — Uashat People’s R13 Newfoundland and |Naskapi-Uashat people’s camp site on northwest corner of Irony Mountain,

Camp Labrador located approximately 950 metres northwest of Howse Mine site.

Innu-Uashat-Mani-Utenam R16 Quebec Innu-Uashat-Mani-Utenam camp site, located approximately 3.2 kilometres

Camp 1 north of Timmins 4 Mine site, 3.0 kilometres northeast of Howse Mine.

Innu-Uashat-Mani-Utenam R17 Newfoundland and |Innu-Uashat-Mani-Utenam camp site located on west side of Irony Mountain,

Camp 2 Labrador located approximately 2.2 kilometres west of Howse Mine site.

Innu-Uashat-Mani-Utenam — Quebec Innu-Uashat-Mani-Utenam camp site, located approximately 500 metres north

Camp 3 (Inukshuk Lake) of Timmins 7 Mine site, 3.9 kilometres east of Howse Mine.

Innu Cabin 2 R20 Quebec Innu cabin site, located near Lac Star, approximately 12.5 kilometres southeast

of Howse Mine site.

Irony Mountain . Newfoundland and | Irony mountain, located approximately 1.2 kilometres southwest of Howse
Labrador Mine site.

Schefferville (Town) R39 Quebec Town in Quebec located approximately 15.5 kilometres south east of Fleming 7

Mine site, 22.5 kilometres southeast of Howse Mine.

Rep-2015-10-29 Tata Steel Mine NV-60330281.Docx
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4. Assessment

4.1 Operations
4.1.1 Criteria

A review of Newfoundland and Labrador Department of Environment and Conservation information has revealed
that there are no available noise and vibration guidelines. A review of Canadian Environmental Assessment Agency
(CEAA) sources has also revealed no specific guidelines or limits. Health Canada states: “Health Canada does not
have noise guidelines or enforceable noise thresholds or standards.” % However, Health Canada does utilize a
formula for determining health impacts created by noise, further explained in this section below.

To determine the environmental noise effects as required by the CEAA?, this assessment has been completed with
respect to the anticipated community response to changes in noise level due to the project. Guidance on this
relationship is provided in ISO/R 1996: Assessment of the Noise with Respect to Community Response. Table 2
below describes the estimated community response with respect to change in noise level above pre-existing
background levels. Similar to traffic noise impact assessments and other projects with criteria based upon noise
level difference, a 5dB exceedance of criteria has been adopted as the threshold for noise mitigation investigation.

Table 2: Estimated Community Response to Noise — ISO/R 1996

Amount in dB(A) by which the rating Estimated Community Response
sound level exceeds the noise o
criterion. Category Description
0 None No observed reaction
5 Little Sporadic complaints
10 Medium Widespread complaints
15 Strong Threats of community action
20 Very Strong Vigorous community action

Per discussions between Howse Minerals Limited and CEAA, the DSO3 operations shall be considered as part of
the background noise. Therefore, the basis of assessment, at each Newfoundland and Labrador receptor, will be the
higher of either the base DSOS operation noise levels, or the existing outdoor ambient noise level. Measurements of
the existing ambient noise levels were taken by Tecsult in 2006 can be found in Howse project description
documentation®. The Tecsult report defined the ambient background noise as the Lgs measurement. The relevant
results of the ambient background measurements are presented in Table 3.

Table 3: Ambient Background Measurements - Tecsult, 2006

Location ID (Decimal Description Period | Lgs Ambient Noise
Degrees) (dBA)
Station 1: -67,21595 Located 4.5 kilometres southwest of Howse Mine. Background noise | Day 33.0
54,89924 from natural environment includes presence of birds, wind, etc. Night 35.5
Station 2: -67,23445 Located 5.7 kilometres southwest of Howse Mine. Background noise |Day 33.5
54,89814 from natural environment includes presence of birds, wind, etc. Night 34.9

Health Canada, Useful Information for Environmental Assessments, 2010.

Guidelines for the Preparation of an Environmental Impact Statement, Pursuant to the Canadian Environmental Assessment Act,
2012 — Howse Property Iron Mine, July 14, 2014.

Howse Minerals Limited, Project Registration/Project Desciption for the DSO — Howse Property Project, April 2014.
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Receptors in Quebec have been assessed against the Quebec guidelines for stationary noise sources®, as the mine
site is located in close proximity to the Quebec — Newfoundland and Labrador border. Guidelines state the greater of
current residual noise levels, or maximum Leq per “zoning” area be used as the basis of assessment. Table 4
presents maximum L¢q levels for receptors in Quebec, sorted by “zoning” area.

Table 4: Maximum Lq per Zoning Area — Quebec Guidelines for Stationary Noise Sources

Zoning Area Day Leq (dBA) Night Leq (dBA)
| 45 40
Il 50 45
] 55 50
1V 70 70

“Zoning” areas for receptors in Quebec are sorted into 4 different types:

Type I: Territory for single-family, detached or attached dwellings

Type II: Territory for multiple dwelling units, parks, mobile homes, institutions or campsites.
Type lll: Lands for parks or recreational commercial uses.

Type IV: Land zoned for industrial or agricultural purposes.

The nearby camp receptors and town of Schefferville in Quebec can be classified as Type | areas per the above
description. Therefore, basis of assessment for day time noise levels was either the greater of the predicted base
DSO3 noise level or 45 dBA. The basis of assessment for night-time noise levels was either the greater of the
predicted base DSOS noise level or 40 dBA.

Health Canada uses a change in highly annoyed percentage (%HA,) as a measure for determining health impacts of
noise generated by wind turbine, road traffic, and industrial noise sources. For industrial noise sources, this
relationship is given by the formula®:

100

HAn = [1+exp(10.4—0.132(Lgp)] (1)

where
%HA,, = Highly annoyed percentage
Lg4n = Day-night sound level

Day-night sound level (Lqn) is the average noise level over a 24 hour period, where a 10dB penalty is applied to night
time noise hours. Lgy (using 15 hour day and 9 hour night periods) can be calculated using the following formula:

(15*100'1L€q1dGY)+(90* 100'1Leq,night)
24

Lgn = 10log]

(2)
where Legday and Legnight are hourly equivalent sound levels for day and night hours, respectively.

Health Canada has recommended that noise mitigation be recommended when a project related increase in %HA, is
greater than 6.5%. Highly Annoyed percentage assessments for each receptor can be found in section 4.1.3.

Ministere du Developpement durable, Environnement et Lutte contre les changements climatique, Traitement des plaintes sur le bruit
et exigences aux entreprises qui le générent, June 2006.- Referenced in Quebec’s “DIRECTIVE 019-SUR L'INDUSTRIE MINIERE,
MARS 2012".

A justification for using a 45 dBA sound level criterion for wind turbine projects, Stephen E. Keith, David S. Michaud, Stephen H.P.
Bly, 2008.

4 Rep-2015-10-29 Tata Steel Mine NV-60330281.Docx
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4.1.2 Noise Sources

The project will consist of three phases: Preparation and Construction, Operations, and Decommissioning. All three
phases use similar equipment. The Operations phase has the highest amount of equipment and greatest operational
areas (thus having the highest noise impact), and therefore was the only phase assessed. Operations phase noise
modelling requires two scenarios for this assessment: Base DSO3, and Future Case. The base DSO3 case scenario
contains noise sources at the following areas:

e Main Processing Plant

e Production Plant 2 (currently operating east of the Main Processing Plant)
e Timmins 3,4,7 Mining Sites

¢ Fleming 7 Mining Site

¢ Roads connecting production plants and Timmins and Fleming mining sites
¢ Road connecting DSOS to Kivivic mine site (eg. DSO4)

Trains are not currently in daily operation during the Base DSO3 operations, and therefore were excluded from the
base DSO3 noise modelling. The future worst case scenario with the highest amount of mine production contains
noise sources at the same areas listed above, (with the exceptions of Timmins mine sites which will no longer be
active during the worst case scenario), in addition to the following:

¢ Howse Mining Site

¢ Howse Mini-plant (processing plant for Howse ore) located near the rail loop

¢ Roads between Plants and Howse Mining Site

e Daily train operations east of Plant 1

e First Nations crushing site (located next to the Howse Mine site, on the east side)

Future locations of the new Howse Mini Plant and the First Nations crusher can be found in Appendix A.
All equipment types included in the noise modelling is listed below. A full detailed equipment list (including make,

model number, serial number [as applicable], negligible sources, and number at each location) for all locations is
provided in Appendix B.

e Vibration Screen e Generator Rad Fans

e Apron Feeder e Hydraulic Excavators

o Feed Hopper e Production Drill

e Hydraulic Rock Breaker e Track Dozer

o Primary Sizer ¢ Road Grader

e Secondary Sizer o Haul Trucks

o Roof Fans e Train (Idling and Travelling)
e Wall fans e Diesel-fired Burners

e HVAC Ventilation Unit e Induced draft fans

¢ Vacuum Pump Blowers
e 2MW Generators

Equipment noise data was gathered from manufacturer data, previous equipment measurements, BSI British
Standards, and Roadway Construction Noise Model (RCNM) data. It should be noted that RCNM data is typical of
conservative worst case situations. Train data was provided by Howse Minerals Limited. A typical train consists of
2 locomotives, 212 cars, travelling between 25-50 km/h. As is typical in noise assessments, noise generated by
receptors is not part of the project, and therefore have not been included in this assessment.
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4.1.3 Impact Assessment

Noise levels for the Base (pre-Howse DSO3 mining) and Future scenarios were modelled with the 1ISO 9613
standard implemented in the CadnaA modelling package. Noise levels for the train were modelled using Federal
Transit Administration (FTA) railroad methodology, also implemented in CadnaA. Ground topography for the area
was obtained from publicly available resources using digital elevation data from the Geobase Initiative’. The digital
elevation data was used to generate ground elevation contour lines in the noise model. Noise level contours are
provided in Appendix A.

Predicted day-time and night-time noise level impacts at each nearby Newfoundland and Labrador receptor are
presented in Table 5 and Table 6. Each receptor is representative of noise sensitive areas surrounding the two

production plants and each mining site. Results for each receptor are also presented in Appendix A.

Table 5: Day-Time Base and Future Scenario Noise Levels - Newfoundland and Labrador

Receptor Receptor 1D Base DSO3 Noise Basis of . FL_Jture Scenario Impact
Level (dBA) Assessment (dBA) Noise Level (dBA) (dBA)
TSMC Workers’ Camp R40 52.1 52.1 52.7 0.6
Innu Tent 1 (Elross Lake) R7 31.1 33.0 32.2 -
Young Naskapi Camp 7 (Pinette Lake) R9 40.9 40.9 45.4 4.5
Young Naskapi Camp 3 R10 29.1 33.0 37.4 4.4
Young Naskapi Trailer Tent (Triangle Lake) R11 27.9 33.0 32.1 -
Young Naskapi Camp 5 (Elross Creek) R12 40.9 40.9 41.6 0.7
Naskapi — Uashat People’s Camp R13 29.3 33.0 38.0 5.0
Innu - Uashat - Mani-Utenam Camp 2 R17 26.2 33.0 28.5 -
Irony Mountain R24 33.2 33.2 37.9 4.7

Table 6: Night-Time Base and Future Scenario Noise Levels - Newfoundland and Labrador

Receptor Receptor 1D Base DSO3 Noise |Basis of Ass%ssment FL_Jture Scenario Impact
Level (dBA) (dBA) Noise Level (dBA) (dBA)
TSMC Workers’ Camp R40 52.1 52.1 52.7 0.6
Innu Tent 1 (Elross Lake) R7 31.1 34.9 32.1 -
Young Naskapi Camp 7 (Pinette Lake) R9 40.9 40.9 45.4 4.5
Young Naskapi Camp 3 R10 29.1 34.9 37.4 25
Young Naskapi Trailer Tent (Triangle Lake) R11 27.9 34.9 32.1 -
Young Naskapi Camp 5 (Elross Creek) R12 40.9 40.9 41.6 0.7
Naskapi — Uashat People’s Camp R13 29.3 34.9 38.0 3.1
Innu - Uashat - Mani-Utenam Camp 2 R17 26.2 34.9 28.4 -
Irony Mountain R24 33.2 34.9 37.7 2.8

The predicted noise impact (= 5dB) at the Naskapi — Uashat People’s Camp (R13) camp site (west of Howse Mine)
triggers mitigation investigation. The noise sources creating the greatest noise impact on the camp site were the drill

" Geobase Initiative— Canadian Digital Elevation Data. 2011. Retrieved from http://www.geobase.ca/geobase/en/find.do?produit=cded.
Date accessed 15 September 2014.

Ambient background measurements indicate an existing noise level without mining of 33-35 dBA.

Ambient background measurements indicate an existing noise level without mining of 33-35 dBA.

6 Rep-2015-10-29 Tata Steel Mine NV-60330281.Docx
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operating at the Howse mining site, and the First Nations crusher operation near Howse mine. Sporadic noise
complaints are expected if no mitigation is implemented. Noise impact at Irony Mountain is close to exceeding
criteria. Moving the First Nations crusher further north behind an existing berm or overburden pile may reduce
likelihood of noise complaints.

Predicted day-time and night-time noise level impacts at each nearby Quebec receptor are presented in Table 7 and
Table 8. For receptors in Quebec, sound levels were assessed against the greater of predicted base level ambient

noise or maximum Leq levels set for Zone | areas.

Table 7: Day-Time Base and Future Scenario Sound Levels - Quebec

Receptor Receptor 1D Base DSO3 Noise |Basis of Assessment FL_Jture Scenario Impact
Level (dBA) (dBA) Noise Level (dBA) (dBA)
Innu Cabin 3 R25 23.5 45.0 26.1 -
Innu - Uashat - Mani-Utenam Camp 1 R16 30.8 45.0 32.9 -
Innu - Uashat - Mani-Utenam Camp 3 R18 46.8 46.8 48.2 1.4
Innu Cabin 2 R20 24.0 45.0 38.7 -
Schefferville (town) R39 12.6 45.0 24.3 -

Table 8: Night-Time Base and Future Scenario Sound Levels - Quebec

Receptor Receptor 1D Base DSO3 Noise |Basis of Assessment FL_Jture Scenario Impact
Level (dBA) (dBA) Noise Level (dBA) (dBA)
Innu Cabin 3 R25 23.5 40.0 24.3 -
Innu - Uashat - Mani-Utenam Camp 1 R16 30.8 40.0 32.8 -
Innu - Uashat - Mani-Utenam Camp 3 R18 46.8 46.8 48.2 1.4
Innu Cabin 2 R20 24.0 40.0 24.5 -
Schefferville (town) R39 12.6 40.0 13.1 -

There were no predicted noise impact exceedances for any receptors in Quebec.

The following table presents the Day-Night noise levels and change in Highly Annoyed percentage for each receptor.
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Table 9: Day-Night Noise Levels and Change in Highly Annoyed Percentage

Receptor Name and ID

Innu Tent 1

Young Naskapi Camp 7

Young Naskapi Camp 3

Young Naskapi Trailer Tent

Young Naskapi Camp 5

Naskapi — Uashat People’s Camp
Innu - Uashat - Mani-Utenam Camp 1
Innu - Uashat - Mani-Utenam Camp 2
Innu - Uashat - Mani-Utenam Camp 3
Innu Cabin 2

Irony mountain

Innu Cabin 3

Schefferville (town)

TSMC Worker's Camp

Base DSO3

Receptor ID| Day-Night

R7
R9
R10
R11
R12
R13
R16
R17
R18
R20
R24
R25
R39
R40

Level (dBA)

37.5
47.3
35.5
34.3
47.4
35.7
37.2
32.6
53.2
30.4
39.6
29.9
19.0
58.5

Future
Scenario Day-
Night (dBA)
38.5
51.8
43.8
38.5
48.0
44.4
39.3
34.8
54.6
37.6
44.2
31.0
23.9
59.1

Base DSO3 Base DSO3
Highly Annoyed | Highly Annoyed
Percentage (%) | Percentage (%)

0.43 0.49
1.54 2.76
0.33 0.98
0.28 0.49
1.56 1.69
0.34 1.06
0.41 0.54
0.22 0.30
3.30 3.94
0.17 0.43
0.56 1.03
0.16 0.18
0.04 0.07
6.43 6.92

AECOM

Change in Highly
Annoyed
Percentage (%)
0.06
1.22
0.65
0.21
0.13
0.72
0.13
0.08
0.64
0.27
0.47
0.02
0.03
0.49

No receptors have a Highly Annoyed percentage change of 6.5% or greater. Therefore, Highly Annoyed percentage
will not trigger mitigation per Health Canada criteria at any receptors. However, the Naskapi-Uashat People's Camp
receptor (R13) will still undergo mitigation investigation due to the =5dB noise impact at that location.

4.1.4 Recommendations

Receptor R13 (Naskapi-Uashat people's camp) located northwest of the Howse mine was predicted to have a noise
impact of 5 dBA, triggering noise mitigation investigation. The Howse Mine track drill and First Nations crushing
equipment is expected to have the highest contribution to this exceedance.

Drill noise was modelled using RCNM noise data. As previously noted, RCNM data is conservative, which does not
account for localized conditions (ground composition) and additional factors (drill speed, drilling time, equipment
used). Actual noise emissions can be significantly lower than modelled; as such noise mitigation for the drill may not
be required. Howse Minerals Limited has committed to preparing a mitigation plan for the drill to be implemented
should complaints occur. Example methods of reducing drill noise include:

¢ Reducing drilling speed

¢ Reducing drilling time

e Using a noise shroud around the drill

e Use of a mobile noise screen

Moving the First Nations crusher further north behind an existing berm or overburden pile may avoid noise
complaints, as the Irony Mountain receptor noise impact was close to (but below) the noise criteria.

4.2 Blasting

There are two main impacts from blasting — ground vibration and overpressure. When explosives detonate in a
borehole, shock waves (energy from the detonation) radiate outward and crush the material adjacent to the
borehole. Energy not used in the fracturing and displacement of bedrock dissipates in the form of ground vibration
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and air overpressure. Some of the factors and parameters that affect the proper fragmentation of the rock and the
impacts of blasting include:

e The explosive type, loading densities and weights;

e The detonator delays and firing sequence;

e The decking lengths;

e The spacing of holes;

e The distance between the holes and the free or open face;

e The geology (type and condition) of the bedrock and

e The depth and composition of the earth covering deposit (soil).

Vibrations transmitted through the ground, and pressure waves through the air (overpressure) can disturb buildings
and people. This may cause nuisance, or damage (in extreme cases). The propagation of ground vibration and
overpressure differs between the front and back of the blast.

Ground vibration transmission is affected by the geology of the terrain and the distance to the receptor source. The
transmission of ground vibration will typically move faster and at a higher frequency in rock than soil. Ground
vibration is measured in peak particle velocity (PPV) in mm/s.

Air overpressure in its simplest form is the compression of air molecules in a wave travelling away from the source at
a rapid rate. The overpressure propagates at the speed of sound and has an audible noise level. Thus, air blasts are
measured in decibels. The transmission of air blast pressure away from the explosive source is affected by the
topography and the atmospheric conditions that occur during the event. The direction and strength of the wind, the
humidity and the density and ground height of the cloud cover will all affect the transmission of air blast from a
source.

4.2.1 Criteria

A review of Newfoundland and Labrador Department of Environment and Conservation information, and federal
sources has revealed that there are no available noise and vibration guidelines. Therefore, the ground vibration and
overpressure from blasting operations are assessed per Quebec’s “DIRECTIVE 019-SUR L'INDUSTRIE MINIERE,
MARS 2012”, and Ontario’s Ministry of the Environment (MOE) NPC-119 Guideline.

Quebec’s “DIRECTIVE 019-SUR L'INDUSTRIE MINIERE, MARS 2012”, is similar to the MOE NPC-119 Guideline.
However, the MOE Guideline is slightly more conservative, and also provides general guidance for vibration and
overpressure where no site specific data is readily available. Therefore, MOE criteria have been adopted for this
assessment.

Quebec’s DIRECTIVE 019 has two criteria based on the distance between the blasting location and nearest
receptor. Where there is no point of impact within a perimeter of 1 km around the mine site:

¢ Maximum speeds of vibration permitted ground due to operations blasting are indicated in Table 10
¢ Maximum level of air pressure permitted at any dwelling is 128 decibels.
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Table 10: Maximum allowable ground speeds as a function of vibration frequency
(Source: “Directive 019-sur I'industrie miniére, mars 2012")

. . Maximum Permissible Vibration Velocity
Frequency of vibration

(mm/sec)
frequency <15 12.7
15 <frequency <20 19.0
20 < frequency =25 23.0
25 < frequency <30 30.0
30 < frequency <35 33.0
35 < frequency <40 38.0
frequency > 40 50.0

For cases where mining activities are carried out within 1 km of a point impact, the maximum speed permitted
ground vibrations due to operations blasting and recorded at the impact point is 12.7 mm/sec. The maximum
threshold air pressure at any dwelling is 128 decibels. In addition, blasting is not permitted between 7:00 pm and
7:00 am if there are dwellings within 1 km from the mine. Directive 019 also indicates that the operator must install a
monitoring program for ground vibration and air pressures at the nearest dwellings to the mine.

NPC-119 provides two sets of limits: (1) standard limits and (2) cautionary limits. The standard limits are used where
regular monitoring is being conducted during blasting operations. Cautionary limits are slightly lower and apply when
blasts are not monitored on a routine basis. Table 11 depicts these limits for both blast vibration and overpressure.

Table 11: Blast Vibration and Overpressure Limits (Source: NPC-119)

Type of Limits Vibration (mm/sec) | Overpressure (dBL)
Standard limit 12.5 128
Cautionary limit 10.0 120

4.2.2 Blasting ground vibration and overpressure prediction models

The most commonly used formula for predicting PPV is known as the USA Bureau of Mines (BOM) prediction
formula or Propagation Law. Ground vibration is estimated for a specific location using the following equation:

PPV = B(SD)“ (©)]
where
PPV = Peak Particle Velocity (mm/s);
SD = Scaled Distance (m/kg"?); and
a and B are site-specific constants based on the geology of the terrain.

Scaled Distance is defined as:
SD = Diw*? (4)
Where:

D = Distance between the closet blast hole to the receptor (m); and
w = maximum weight of explosive detonated per delay (kg).
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The constants, a and B, are site-specific and must be determined by conducting a blast study at the site. A blast
study includes multiple test blasts conducted on-site while measuring particle velocities at varying distances and
charge weights for each blast. The resulting data can then be used to create a log-log plot of peak particle velocity
versus scaled distance where the slope of the line-of-best-fit through the data is equal to the constant a and the
value of the y-intercept is equal to B.

Blast overpressure is estimated for a specific location using the following equation:

P = B(SD)" ®)
Where:
P = Air Pressure;
SD = Scaled Distance (m/kg1/3); and
a and B are site-specific constants based on the geology of the terrain.

Scaled distance is defined as:

SD = Diw**? (6)
Where:
D = Distance between the closet blast hole to the monitoring receptor (m); and
w = maximum weight of explosive detonated per delay period (kg).

the Air Pressure Level (dBL) is calculated using the following equation:
APL = 10*log(P/Prer)’ M

Where:
APL = Air Pressure Level (dBL);
Pt = reference pressure which is 20x10° Pa

Scaled distances for air blasts are generally calculated by dividing the separation distance with the cube root of the
maximum charge weight, as opposed to dividing by the square root of the maximum charge weight when
determining the scaled distance for peak particle velocity. Similar to the procedure for determining the propagation
constants for ground vibrations, a blast study measuring overpressure (dBL) with varying distances and charge
weights for each blast will provide the required information to generate a log-log plot of maximum overpressure
versus scaled distance. The slope of the line-of-best-fit through the data is equal to a and the value of the y-intercept
is equal to B.

Since test blasts have not been conducted at the site and no seismograph information is available, it is not possible
to obtain the site-specific propagation constants, a and 8. Therefore, the maximum allowable charge weight per
delay was estimated using the prediction model as presented in Ontario Ministry of the Environment "Guidelines on
Information Required for Assessment of Blasting Noise and Vibration — December 1985" (Appendix C). Parameters
are obtained from fitting USA BOM equations to figures presented in the guidelines relating vibration and
overpressure to scale distance. PPV can be estimated from the following equation:

PPV = 1033 (SD)**° (8)
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The overpressure varies based on the location of the receptor with respect to the blast. The overpressure of a
receptor in front of the blast can be estimated from:

P = 3873 (SD)*¥’ ©)
While the overpressure of a receptor to the back of the blast can be estimated from:
P =229 (SD) %" (10)

Equations 6 to 8 are typically used to calculate vibration and overpressure levels at specific locations from a given
blast (charge). This equation can be reconfigured to calculate the approximate maximum blast size for a given
location and level limit. These equations are therefore a useful blast design tool in establishing maximum explosive
charge weights per delay for various distances from a blast site, using maximum ground vibration level and
overpressure limits.

4.2.3 Blast Vibration and Overpressure estimates

Since the blasting plan is still in development, vibration and overpressure levels from the blasting were predicted
using MOE 1985 “Guidelines on Information Required for Assessment of Blasting Noise and Vibration” models.
Using charge size per delay (i.e., explosive weight is in kg), and separation distance between the blast location and
assessment receptor, the absolute ground vibration and overpressure levels expected at the point of reception can
be determined. Since insufficient detail on topographical and soil conditions was available, the predictions are based
on generic environmental and topographical conditions, and no adjustments have been made to suit site specific
conditions. The maximum suggested explosive loads for various distances from the blast site are based on the
provincial guideline limits of 12.5 mm/s and 128 dBL discussed previously. According to MOE model, the maximum
allowable charge per delay is listed in Table 12 and Table 13 for various receptor distances from the blast.

For the purpose of this assessment, the entire site is considered as a potential blasting location and the distance
from the outer perimeter of the open pit to the receptor is considered as the distance to receptors in the assessment.
Based on the information provided to date, the closest sensitive receptor (R13) is determined to be approximately
900 metres from the site perimeter. The maximum allowable charge per delay for the closest receptor (using generic
conditions) is summarized in Table 14.

Table 12: Preliminary maximum allowable charge per delay versus distance to meet
Blast vibration limit — 12.5 mm/sec

Distance to Receptor (m) Allowable Explosive per Period - kg
100 39
200 154
300 348
400 618
500 965
600 1390
700 1892
800 2471
900 3128
1000 3862
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Table 13: Preliminary maximum allowable charge per delay versus distance to meet
Blast overpressure limit (128 dB)

Allowable Explosive per
Distance to Receptor (m) Period - kg
Front of Blast | Back of Blast
100 1 135
200 12 1082
300 40 3652
400 96 8656
500 187 16907
565 270 24394
600 324 29214
700 514 46391
800 768 69249
900 1093 98599
1000 1499 135252

Table 14: Generic maximum allowable charge per delay for the closest point
of reception located at 900m from the site

Charge per delay (kg) Criteria
3128 Blast Vibration Limit — 12.5 mm/sec
1092 Blast Overpressure Limit — 128 dBL

The impact is controlled by the overpressure limit, so charge per delay should be restricted to below 1092 kg.
However, blasting vibration and overpressure is complex in nature, and variability in ground type and meteorological
conditions makes it difficult to accurately predict ground vibration and overpressure without site specific
measurement data. Test blasting using a lower charge should first be conducted. Furthermore, no details of the
blast configuration and design have been supplied at this stage. Therefore a lower charge test blast should be
conducted prior to the start of production blasting. Any blast on site should be designed by a qualified contractor and
include consideration of the blasting vibration and overpressure limits outlined in this report. Upon commencement of
blasting on site, these parameters will require revisions based on site specific data and attenuation equations
developed. Although meeting overpressure criteria may satisfy regulatory requirements, the short duration, high
noise level may cause complaints.

4.2.4 Recommendations
It is recommended that:
1. Aninitial four blasts as a minimum shall be monitored by a specialist in blast monitoring to obtain the site

specific data needed to develop attenuation formulae, confirm the applicability of the initial guideline
parameters, and assist in developing future blast designs.
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2. ltis recommended that the four initial test blasts be conducted with charge per delay restricted to below 700
kg per delay. Vibration and overpressure should be monitored to provide an update to the Prediction model
parameters.

3. Directive 019 recommends blasts shall be monitored for both vibration and overpressure, at the closest
sensitive receptor adjacent to the site. It is recommended that a minimum of one digital seismograph be
used in subsequent years. Subsequent routine monitoring should be utilized to update blast designs as
required.

4. Blast designs shall be continually reviewed with respect to ground vibration and overpressure. Blast designs
shall be modified as required to ensure compliance with applicable guidelines and regulations. Decking,
reduced hole diameters, and sequential blasting techniques will be used to ensure minimal explosives per
initiated delay period.

5. Detailed blast records shall be maintained. The MOE (1985) recommends that the body of blast reports

should include the following information:

a) Location, date and time of the blast.

b) Dimensional sketch including photographs, if necessary, of the location of the blasting operation, and
the nearest point of reception.

c) Physical and topographical description of the ground between the source and the receptor location.

d) Type of material being blasted.

€) Sub-soil conditions, if known.

f)  Prevailing meteorological conditions including wind speed in m/s, wind direction, air temperature in °C,
relative humidity, degree of cloud cover and ground moisture content.

g) Number of drill holes.

h) Pattern and pitch of drill holes.

i) Size of holes.

i) Depth of drilling.

k) Depth of collar (or stemming).

[) Depth of toe-load.

m) Weight of charge per delay.

n) Number and time of delays.

0) The result and calculated value of Peak Pressure Level in dB and Peak Particle Velocity in mm/s.

p) Applicable limits.

g) The excess, if any, over the prescribed limit.

6. A community engagement program and noise complaint process should be implemented, to advise the
community of upcoming blasts and address community concerns.

The blast parameters described within this report will provide a good basis for the initial blasting operations at this

location. However, it may be possible to refine these parameters once site-specific data from the blasting operations
becomes available.
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5. Conclusions

In accordance with the Canadian Environmental Assessment Agency (CEAA) document Guidelines for the
Preparation of an Environmental Impact Statement — Howse Property Iron Mine, an environmental assessment was
completed for the operation of the Howse mining site. Results of the noise assessment indicate that the operation of
the new Howse mining site and addition of the First Nations crushing area will have an impact of 5dB at one Naskapi
Uashat People’s Camp site (R13), west of the Howse Mine. This impact is predicted to result in sporadic community
complaints. If complaints occur, Howse Minerals Limited has committed to implementing a mitigation plan (discussed
in Section 4.1.4) for the Howse Mine track drill. In addition, moving the First Nations crusher further north behind an
existing berm or overburden pile may reduce complaints.

Since there is no blast vibration and overpressure data available for the site, generic empirical formulas were used to
estimate the impact of blast vibration and overpressure at the closest point of reception. A preliminary maximum
charge per delay of 1092 kg was estimated for the blast vibration and overpressure to conform to the applicable
limits. An initial blast test with a charge per delay below 700 kg should be first conducted. Vibration and
overpressure should be monitored during the blast test and explosive weight adjusted accordingly.

Even with overpressure levels below acceptable limits, the instantaneous noise level will be much higher than the
ambient noise levels at the closest sensitive locations and may trigger negative community response. Therefore
efforts to liaise with the community and advice on future blasting may improve the community response to the
blasting.
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Appendix A

Appendix A:
Area Layout, Receptor Locations and
Noise Level Contour Figures
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Full Equipment List

Location Equipment Description Make Model Number Serial Number Negligible? Number
DIVERTER GATE-MAIN PLANT BYPASS YES 1
CONVEYOR-SCREEN FEED MODULAR YES 1
VIBRATION SCREEN METSO SNSM2129 NO 1
CONVEYOR-UNDER SCREEN MODULAR YES 1
CONVEYOR-FINES TRANSFER #1 THOR TC115-15 2126 YES 1
CONVEYOR-FINES TRANSFER #2 THOR TC115-15 2127 YES 1
CONVEYOR-FINES STOCKPILER THOR T170-15 2123 YES 1
CROSS CONVEYOR-LUMP MODULAR YES 1
CONVEYOR-LUMP TRANSFER THOR TC150-4 2176 YES 1
CONVEYOR-LUMP STOCKPILER THOR T170-15 2124 YES 1
CONVEYOR-OVERSIZE STOCKPILER THOR RS70-2 2175 YES 1
HOPPER-FEED HOPPER SANDVIK PX200-1200 NO 1
APRON FEEDER-MINERAL SIZER SANDVIK PX200-1200 NO 1
Plant 1 HYDRAULIC ROCK BREAKER ALLIED 1505HD 02227 NO 1
SIZER-PRIMARY HYBRID SANDVIK CR810/12-20 NO 1
OVERHEAD CRANE-PRIMARY SIZER (10T) SANDVIK YES 1
CONVEYOR-TRANSFER SANDVIK PX200-1200 YES 1
BELT MAGNET-SELF CLEANING ERIEZ YES 1
SIZER-SECONDARY HYBRID SANDVIK CR810/08-30 NO 1
CONVEYOR-PROCESSING PLANT FEED TS MANUFACTURING YES 1
Side Wall Fans Aerovent BSBP 42B304 NO 14
Roof Fans Aerovent BSBP 42B304 NO 8
Side Ventilation Fans Bousquet BC-500-RH-THD-O-HW 33035 130103 NO 6
Dryer Fan Robinson BC0928 YES 1
2 MW Generator CAT NO 6
Vacuum Pump NASH 2BE4-52 NO 2
Centrifugal Blower Gardner Denver NO 1
Generator Rad Fans Sutton Stromart SVS-0412053 NO 6
Plant 2 Mini-Plant
Location Equipment Description Make Model Number Serial Number Negligible? Number Number
DIVERTER GATE-MAIN PLANT BYPASS YES 1 1
CONVEYOR-SCREEN FEED MODULAR YES 1 1
VIBRATION SCREEN METSO SNSM2129 NO 1 1
CONVEYOR-UNDER SCREEN MODULAR YES 1 1
CONVEYOR-FINES TRANSFER #1 THOR TC115-15 2126 YES 1 1
CONVEYOR-FINES TRANSFER #2 THOR TC115-15 2127 YES 1 1
CONVEYOR-FINES STOCKPILER THOR T170-15 2123 YES 1 1
CROSS CONVEYOR-LUMP MODULAR YES 1 1
CONVEYOR-LUMP TRANSFER THOR TC150-4 2176 YES 1 1
CONVEYOR-LUMP STOCKPILER THOR T170-15 2124 YES 1 1
Plant 2/Howse CONVEYOR-OVERSIZE STOCKPILER THOR RS70-2 2175 YES 1 1
Mini-Plant HOPPER-FEED HOPPER SANDVIK PX200-1200 NO 1 1
APRON FEEDER-MINERAL SIZER SANDVIK PX200-1200 NO 1 1
HYDRAULIC ROCK BREAKER ALLIED 1505HD 02227 NO 1 1
SIZER-PRIMARY HYBRID SANDVIK CR810/12-20 NO 1 1
OVERHEAD CRANE-PRIMARY SIZER (10T) SANDVIK YES 1 1
CONVEYOR-TRANSFER SANDVIK PX200-1200 YES 1 1
BELT MAGNET-SELF CLEANING ERIEZ YES 1 1
SIZER-SECONDARY HYBRID SANDVIK CR810/08-30 NO 1 1
CONVEYOR-PROCESSING PLANT FEED TS MANUFACTURING YES 1 1
Dryer - Induced Draft Fan NO 1 2
Dryer - Burner Gencor Astraflame AF-100 NO 1 2
2 MW Generator CAT NO 1 1
Location Equipment Description Make Model Number Serial Number Negligible? Number
Hydraulic Excavators 6m”3 Komatsu PC1250 Class NO 2
Howse, Timmins, |Haul Trucks - 64/100 tonne payload CAT 775/777 Class NO 8
and Flemming  |Production Drill -160mm diameter holes CAT MD5125 Class NO 1
Mine Sites (Each) |Track dozer - 250 kW CAT D8 Class NO 1
Road Grader - 200 kW CAT 14M Class NO 1
Location Equipment Description Make Model Number Serial Number Negligible? Number
Roads (Howse) [Haul Trucks - 64/100 tonne payload CAT 775/777 Class NO 71/hour
Roads (Mini-Plant) [Haul Trucks - 64/100 tonne payload CAT 775/777 Class NO 10/hour
Roads (Plant 20 |\ r. ks - 647100 tonne payload CAT 775/777 Class NO 15/hour
Rail Loading)
Base DSO3 |Future
Location Equipment Description Make Model Number Serial Number Negligible? Number Number
Roads (Timmins,
Fleming) Haul Trucks - 64/100 tonne payload CAT 775/777 Class NO 24/hour 25/hour
Road;gg‘é')‘"c | Haul Trucks - 64/100 tonne payload CAT 775/777 Class NO 46/hour|  46/hour
Location Equipment Description Make Model Number Serial Number Negligible? Number
Rail Cars - 25km/h NO 212
Trains Locomotives -25 km/h NO 2
Dust Collector Fan Twin City NO 1




Performance Number: DM7916

Sales Model: 3516B
Application: PACKAGED GENSET

Rating Level: STANDBY

EXHAUST Sound Pressure Data (OBCF)

Change Level: 01

Rated Speed (RPM):
Rated Power (BKW):
Rated Power (BHP):

1,800
2,145.0
2,876

Distance: 1.5 Meters ( 4.9 Feet)

GENSET POWER PERCENT ENGINE ENGINE OVERALL 125 250 500 1000 2000 4000 8000
WITH FAN LOAD POWER POWER HZ HZ HZ HZ HZ HZ HZ
EKW % BKW BHP DB(A) DB DB DB DB DB DB DB
2.000.0 100 2.151.2 2.885 116 121 117 109 108 109 109 107
1.800.0 90 1.939.6 2.601 116 121 117 109 107 108 108 106
1.600.0 80 1.730.2 2.320 114 119 115 107 106 107 107 105
1.500.0 75 1.626.0 2.181 114 119 115 107 105 107 107 105
1.400.0 70 1.521.9 2.041 113 118 114 106 105 106 106 104
1.200.0 60 1.314.8 1.763 112 117 113 105 104 105 105 103
1.000.0 50 1.108.5 1.487 111 116 112 104 103 104 104 102
800.0 40 904.2 1.213 110 115 111 103 101 102 102 100
600.0 30 698.9 937 108 113 109 101 100 101 101 99
500.0 25 595.2 798 107 112 108 100 99 100 100 98
400.0 20 490.4 658 106 111 107 99 98 99 99 97
200.0 10 276.6 371 104 109 105 97 96 97 97 95
EXHAUST Sound Pressure Data (OBCF) Distance: 7 Meters ( 23.0 Feet)
GENSET POWER PERCENT ENGINE ENGINE OVERALL 125 250 500 1000 2000 4000 8000
WITH FAN LOAD POWER POWER HZ HZ HZ HZ HZ HZ HZ
EKW % BKW BHP DB(A) DB DB DB DB DB DB DB
2.000.0 100 2.151.2 2.885 103 111 105 97 95 96 96 93
1.800.0 90 1.939.6 2.601 102 110 104 96 94 95 95 92
1.600.0 80 1.730.2 2.320 101 109 103 95 93 94 94 91
1.500.0 75 1.626.0 2.181 101 109 103 94 93 93 93 90
1.400.0 70 1.521.9 2.041 100 108 102 94 92 93 93 90
1.200.0 60 1.314.8 1.763 99 107 101 92 91 92 91 89
1.000.0 50 1.108.5 1.487 98 106 100 91 90 90 90 87
800.0 40 904.2 1.213 96 104 98 90 88 89 89 86
600.0 30 698.9 937 95 103 97 88 87 87 87 85
500.0 25 595.2 798 94 102 96 88 86 87 86 84
400.0 20 490.4 658 93 101 95 87 85 86 86 83
200.0 10 276.6 371 91 99 93 84 83 83 83 81

EXHAUST Sound Pressure Data (OBCF)

Distance: 15 Meters ( 49.2 Feet)

GENSET POWER ~ PERCENT ENGINE ENGINE OVERALL 125 250 500 1000 2000 4000 8000
WITH FAN LOAD POWER POWER HZ HZ HZ HZ HZ HZ HZ
EKW % BKW BHP DB(A) DB DB DB DB DB DB DB
2.000.0 100 2.151.2 2.885 96 [ 104 99 90 88 89 89 86
1.800.0 90 1.939.6 2.601 96 104 98 89 88 88 88 85
1.600.0 80 1.730.2 2.320 94 102 97 88 86 87 87 84
1.500.0 75 1.626.0 2.181 94 102 96 88 86 87 87 84
1.400.0 70 1.521.9 2.041 93 101 96 87 85 86 86 83
1.200.0 60 1.314.8 1.763 92 100 94 86 84 85 85 82
1.000.0 50 1.108.5 1.487 91 99 93 85 83 84 84 81
800.0 40 904.2 1.213 90 98 92 83 82 82 82 79
600.0 30 698.9 937 88 96 90 82 80 81 81 78
500.0 25 595.2 798 87 95 90 81 79 80 80 77
400.0 20 490.4 658 86 94 89 80 78 79 79 76
200.0 10 276.6 371 84 92 86 78 76 77 77 74
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Performance Number: DM7916

Change Level: 01

Sales Model: 3516B Rated Speed (RPM): 1,800
Application: PACKAGED GENSET Rated Power (BKW): 2,145.0
Rating Level: STANDBY Rated Power (BHP): 2,876
MECHANICAL Sound Pressure Data (OBCF) Distance: 1 Meters ( 3.3 Feet)
GENSET POWER ~ PERCENT ENGINE ENGINE OVERALL 125 250 500 1000 2000 4000 8000
WITH FAN LOAD POWER POWER HZ HZ HZ HZ HZ HZ HZ
EKW % BKW BHP DB(A) DB DB DB DB DB DB DB
2.000.0 100 2.151.2 2.885 105 100 101 99 100 101 99 103
1.800.0 90 1.939.6 2.601 105 100 101 99 100 101 99 103
1.600.0 80 1.730.2 2.320 105 100 101 99 100 101 99 103
1.500.0 75 1.626.0 2.181 105 100 101 99 100 101 99 103
1.400.0 70 1.521.9 2.041 105 100 101 99 100 101 99 103
1.200.0 60 1.314.8 1.763 105 100 101 99 100 101 99 103
1.000.0 50 1.108.5 1.487 105 100 101 99 100 101 99 103
800.0 40 904.2 1.213 105 100 101 99 100 101 99 103
600.0 30 698.9 937 105 100 101 99 100 101 99 103
500.0 25 595.2 798 105 100 101 99 100 101 99 103
400.0 20 490.4 658 105 100 101 99 100 101 99 103
200.0 10 276.6 371 105 100 101 99 100 101 99 103
MECHANICAL Sound Pressure Data (OBCF) Distance: 7 Meters ( 23.0 Feet)
GENSET POWER  PERCENT ENGINE ENGINE OVERALL 125 250 500 1000 2000 4000 8000
WITH FAN LOAD POWER POWER HZ HZ HZ HZ HZ HZ HZ
EKW % BKW BHP DB(A) DB DB DB DB DB DB DB
2.000.0 100 2.151.2 2.885 94 88 89 87 89 90 87 91
1.800.0 90 1.939.6 2.601 94 88 89 87 89 90 87 91
1.600.0 80 1.730.2 2.320 94 88 89 87 89 90 87 91
1.500.0 75 1.626.0 2.181 94 88 89 87 89 90 87 91
1.400.0 70 1.521.9 2.041 94 88 89 87 89 90 87 91
1.200.0 60 1.314.8 1.763 94 88 89 87 89 90 87 91
1.000.0 50 1.108.5 1.487 94 88 89 87 89 90 87 91
800.0 40 904.2 1.213 94 88 89 87 89 90 87 91
600.0 30 698.9 937 94 88 89 87 89 90 87 91
500.0 25 595.2 798 94 88 89 87 89 90 87 91
400.0 20 490.4 658 94 88 89 87 89 90 87 91
200.0 10 276.6 371 94 88 89 87 89 90 87 91

MECHANICAL Sound Pressure Data (OBCF)

Distance: 15 Meters ( 49.2 Feet)

GENSET POWER ~ PERCENT ENGINE ENGINE OVERALL 125 250 500 1000 2000 4000 8000
WITH FAN LOAD POWER POWER HZ HZ HZ HZ HZ HZ HZ
EKW % BKW BHP DB(A) DB DB DB DB DB DB DB
2.000.0 100 2.151.2 2.885 88 83 84 82 83 84 82 86
1.800.0 90 1.939.6 2.601 88 83 872 82 83 872 82 86
1.600.0 80 1.730.2 2.320 88 83 84 82 83 84 82 86
1.500.0 75 1.626.0 2.181 88 83 84 82 83 84 82 86
1.400.0 70 1.521.9 2.041 88 83 84 82 83 84 82 86
1.200.0 60 1.314.8 1.763 88 83 84 82 83 84 82 86
1.000.0 50 1.108.5 1.487 88 83 84 82 83 84 82 86
800.0 40 904.2 1.213 88 83 84 82 83 84 82 86
600.0 30 698.9 937 88 83 84 82 83 84 82 86
500.0 25 595.2 798 88 83 84 82 83 84 82 86
400.0 20 490.4 658 88 83 84 82 83 84 82 86
200.0 10 276.6 371 88 83 84 82 83 84 82 86
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Measuremen Date ASHRAE PREDICT Last Updated_September 8,2015 TABLE B1

Project Name Tata Mines
Project Code 60344074 ASHRAE PREDICTED SOUND POWER LEVELS
2 DataType = Staf 68
Fan Band | ASHRAE Predicted Base Toial  Sound | asraE | ASHRAE Predicted Effciency and BF1 u Owrall | Ovral
S Source Source 1a Source beserition Flowrate || oy | SicPressure | astirag | P | eficency | B¢ | erequency Power (48 fef, 10-12W) Pressure/ Adjustments (d8) Tolal Sound Pover (48 e 10" Watts) Sound | Sound NOTES
# 9 P (Am¥s) €M) inches wG) | FanType Rato, | Comection | TEEY | carrection Flowrate Power | Power |crvacrer|  SAONA
210% | Facor gy [ @) |6 |125|250 {500 | 1k | 2k | ak | s} A(98) I 63 |125|250[s00 | 1k | 2k | ak | mic| 63 | 125 @) | @ Souee Notes ae) [wwonr 47
AMU AMU Air Make Up Unit 2360 ,000 386 2 8t 250 34 1 .72 107 | 107 112 103 Taken from
RoofFan RoofFan Roof Fans. 1038 000 063 12 8t 63 A4 .34 95 93 105 102 Taken from fan submittal data.
SideFan SideFan SideFan 1038 000 063 12 8t 63 A4 .34 95 93 105 102 Taken from fan submittal data.
VacuumPumpFan VacuumPumpFan Vacuum Pump Fan 3.15 ,680 14000 1 7 250 1 17 1 130 | 130 [1071_136 127 Taken from fan manufacturer data.
IDFan IDFan ID Fan for Bag House 35.40 000 6.00 1 8 250 1 .31 107 | 107 113 104 Taken from baghouse data using fan specs. Remember to subtract 3
0 #NIA # # I 0 #NIA [#NIA H#NIA 1t

P:\60344074 Howse - CEAA ustics\Cadnay ales-Tata




TABLE B2

AZCOM

Project Code SOUND POWER LEVEL PREDICTIONS BASED ON CALCULATIONS
o
Gondbry e Coandbryertar Coreror = FECREY T 1o 121181 T
VacuumPumps VacuumPumps Vacuum Pump 2864 4313636 | 31 215 ] 0 o |ojololoJofolofololsrloflo|ojofo|olo|o]o 93|93 13 9! u data overall sound power level s o
Oryerumer Oryerumer Oryer Bumer from manufcturing Table 1116
SEE ATTACHED NOTES
T -
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Appendix C:
Ontario Ministry of the Environment Predictive Models
for Blast ground vibration and overpressure
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AECOM Howse Mineral Limited DSO Howse Property
Environmental Assessment —
Ambient Light Technical Report

Statement of Qualifications and Limitations

The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“Consultant”) for the benefit of the client (“Client”) in
accordance with the agreement between Consultant and Client, including the scope of work detailed therein (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):

e s subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications contained
in the Report (the “Limitations”);

e represents Consultant’s professional judgement in light of the Limitations and industry standards for the preparation of
similar reports;
may be based on information provided to Consultant which has not been independently verified,;
has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and
circumstances in which it was collected, processed, made or issued;
must be read as a whole and sections thereof should not be read out of such context;
was prepared for the specific purposes described in the Report and the Agreement; and
in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the
assumption that such conditions are uniform and not variable either geographically or over time.

Consultant shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no
obligation to update such information. Consultant accepts no responsibility for any events or circumstances that may have
occurred since the date on which the Report was prepared and, in the case of subsurface, environmental or geotechnical
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Executive Summary

In accordance with the Canadian Environmental Assessment Agency (CEAA) document Guidelines for the
Preparation of an Environmental Impact Statement — Howse Property Iron Mine (July 14, 2014), a night-time light
level (or ambient light) assessment is required to be completed for the operation of the Howse Mining site. This
report documents the night-time light levels on selected sensitive receptors surrounding the Howse Mining Site.

The proposed Howse mining site is located in Newfoundland and Labrador, approximately twenty-three kilometres
northwest of Schefferville, Quebec, near the provincial border of Newfoundland and Labrador, and Quebec. The site
will be located in close proximity to the Direct Shipping Ore 3 (DSO3) project. DSO3 consists of Timmins 3,
Timmins 4, Timmins 7, and Fleming 7 mining sites, in addition to a processing plant complex. The ore from the
Howse mining area will be transported to a processing plant located east of the rail loop and comprising a
crusher/screener and 2 dryers. The processed Howse ore is then shipped by rail.

The Howse Mining Project will have limited impact on ambient light levels since:

* no power lines will be constructed to bring electricity to the Howse Mining site due to its relatively remote
location, consequently no permanent light fixtures will be installed at the mine site;

* most activities at the site will be during the day time;

* limited mining activities will occur during the winter months, when the nights are longer and there is snow on the
ground which reflects light (artificial or natural).

Light pollution is an issue that has gained prominence within the context of environmental assessment. However,
standardized quantification methods, procedures and standards are limited to non-existent, particularly in a remote
location such as the region of Schefferville where artificial light is minimal and the sky and air are clear (compared to
more densely populated areas).

Taking the above project specificities into consideration, TSMC decided to use an innovative assessment
methodology that combines on-site ambient light measurements, a radiative transfer model and the most recent
available satellite images in order to characterize ambient light on a set of identified sensitive receptors in the vicinity
of the Howse/DSO project region.

In November 2014, an ambient light measurement program was conducted on-site. A Sky Quality Meter (SQM
Model SQM-LU-DL by Unihedron) was used to measure sky brightness at 7 sites located in the vicinity of the project
site. The SQM provides measurements in units of “magnitudes per square arcsecond" which are commonly used in
astronomy to measure sky brightness. Measurements were conducted under strict night sky conditions in order to
be representative and useable for modeling purposes. These measurements were then used to calibrate the
radiative transfer model (lllumina). Using the lllumina model, it was possible to conduct an assessment of ambient
light in the project region for the winter season (with snow cover and clear skies) and the summer season (without
snow on the ground, with clear skies or during sporadic air pollution events caused by forest fires). The Illumina
model outputs were used to generate maps and tables of the sky radiance for different seasons and air quality levels
at 8 sensitive receptors; these are available in this report.

The modelling results demonstrate that:

a) During the wintertime (with snow cover), the ratio of artificial sky radiance to natural sky radiance increase
by a factor of 3 to 10, compared to summertime (no snow cover).

b) In Schefferville and Kawawachikamach, sky radiance is almost entirely due (>99.5%) to the artificial lighting

of these towns; the Howse/DSO mining complex lighting has minimal effect, if any, on the ambient light of
these two towns.
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c) Conversely, the artificial lighting of Schefferville and Kawawachikamach contributes for approximately 10%

to the ambient light levels at receptors located close the Howse mining site (such as Irony Mountain and
Pinette Lake).

d) At more distant locations (>15 km) North of the Howse mining site, where the DSO4 mining areas
(Goodwood, Sunny, Kiviviks) will be located, the contribution of artificial sky radiance is approximately equal
between the towns Schefferville/ Kawawachikamach and the activities of the DSO3 complex and Howse.
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1. Introduction

In accordance with the Canadian Environmental Assessment Agency (CEAA) document Guidelines for the
Preparation of an Environmental Impact Statement — Howse Property Iron Mine, an environmental assessment is
required to be completed for the operation of the Howse Mine site. The proposed Howse Mine is located in close
proximity to the Direct Shipping Ore 3 (DSO3) project site. This report documents the night-time light levels on
selected sensitive receptors surrounding the Howse Mining Site.

A radiative transfer model called lllumina is used to determine the complete field of artificial light for different
observer positions and for different periods of the year. Seasonal variations in aerosol content of the atmosphere
along with changes in ground reflectivity (vegetation and snow cover changes) are considered. In order to assure a
tight link between model estimations and the ground conditions, sky brightness measurements were acquired on site
with a Sky Quality Meter (SQM) and used as reference points for model calibration. Night time and day time satellite
images are used to infer the installed luminosity and the ground reflectance respectively which are inputs to the
model. Ground elevation is derived from the digital elevation model obtained from the Shuttle Radar Topography
Mission [29]. Along with the sky brightness, lllumina provides a set of contribution maps. The contribution maps
allow an easy identification of the geographical origin of the sky brightness while giving the percentage of
contribution per sq km. Results are analyzed with a focus on a set of identified sensitive receptors.

2. Background

From the 1980s, the astrophysical research community conducted the first studies regarding light pollution. They
originally focused on the impact of artificial lighting on the starry sky. In recent years, however, the study of light
pollution was updated due to the varied effects on the integrity of the nocturnal environment being discovered. These
effects impact both the balance of the natural environment (flora and fauna) [1-10] and the social and economic
activities of humans [11-15]. Light pollution even has significant impact on human health [16-18].

To characterize light pollution, we must conduct both field measurements and numerical modelling relying on
satellite data. The interaction of artificial light at night (ALAN) with the environment shows an extremely complex and
non-linear behavior, which to-date cannot be analytically solved. To overcome this limitation, several numerical
models of radiative transfer were developed in recent years [19-22]. These new developments were made possible
thanks to the increasing availability of high-performance computers, as well as the availability of satellite datasets,
such as the Visible/Infrared Imager/Radiometer Suite — Day-Night Band (VIIRS-DNB) data [23]. Multiple variables
affect the propagation of light pollution in the environment including: 1) the optical properties of the atmosphere;
2) the spectral reflectance properties of the ground; 3) the presence of masking by terrain and obstacles (e.g., trees,
buildings); and 4) the optical characteristics of lighting devices and their geographical distribution.

Light pollution can reach the environment via three main paths. The first, which generally has the highest light
intensity, is direct illumination. This is a short distance effect that rapidly vanishes due to terrain and obstacles
blocking it. The second largest contributor is the scattering of artificial light by cloud cover. The importance of
scattering by clouds in comparison to the backscatter from the clear atmosphere is generally many times greater for
sites near sources of light, such as urban and suburban environments and is generally lower for remote rural sites.
Finally, the last contribution, which will be main topic for this study, is indirect illumination in clear sky conditions.
This process is prevalent in cases where direct illumination does not reach the observer and where clouds are
darker than the starry sky, as is often the case in areas far from major cities.

Our methodology involved in-situ sampling of the night sky brightness over a limited number of observing locations

and time periods combined with numerical modeling using a radiative transfer model. The in-situ data is used for
model calibration and the extraction of the natural background sky brightness. Use of the numerical model permits
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inference of results across the study area and for additional periods of the year from what was collected as a part of
the in-situ sampling.

The proposed Howse Project site is located in Newfoundland and Labrador, approximately twenty-three kilometres
northwest of Schefferville, Quebec, near the provincial border of Quebec and Newfoundland and Labrador. The site
will be located in the vicinity of the DSO3 project. The DSO3 operations include the Timmins 3, Timmins 4,
Timmins 7, and Fleming 7 mine sites, in addition to the production plants (Main Processing Plant and Plant 2).

3. Model Description

The radiative transfer model used for this study is lllumina, Version 2 [19]. lllumina acts as a ray-tracing software
where a set of photons is thrown from light fixtures located above ground level pixels, and then reaches the
observer's Field Of View (FOV) following four different light paths: 1) first scattering by molecules and aerosols in
voxels of the line of sight, 2) first scattering after a lambertian reflexion on the ground, and 3) a second scattering in
a voxel of the line of sight after a first scattering from atmospheric voxels contained in a surrounding volume. The
fourth path is the same path as 3, but it occurs after a reflexion on the ground pixel, whereas path 3) occurs after a
first scatting from atmospheric voxels contained in a surrounding volume. For all of the light paths considered, the
scattering processes toward the observer and the extinction by aerosols (scattering and absorption) and molecules
(scattering only) are computed. lllumina computes the first and second orders of scattering of light. The second order
of scattering may have a significant impact on sky radiances, up to 40% of the total sky radiance especially when the
observer is far from urban areas [23]. At this time, lllumina is the only model available that computes explicitly the
second order of scattering which requires a considerable computing time and consequently requires access to a
supercomputer. In our opinion, it is for this reason that lllumina is the most reliable tool to infer accurately the sky
brightness field for remote sites such as the Howse mining project site and the entire DSO complex.

4. In-situ measurements

The measurement of the sky brightness (Ss) is historically based on the units defined by astronomers, the magnitude
per squared arc second (mag/sq arcsec). The sky brightness is defined by Equation 1.

S.=S,-25log(E, +E,) (1)

S, is the sky brightness at a given point of the territory, E,, is the modelled sky radiance (i.e the sky radiance
produced by ALAN), and E, the natural sky radiance in the absence of light pollution. Sy is the reference brightness.
Equation 1 can be reorganized to solve for Ep,.

*)
E =100 2% /_E 2)

n

(25 25)
E =10 \25)10\25) €)

n

With a minimum number of E;, (modeled radiance) values and corresponding in-situ measured sky brightness, it is
possible to derive the constants Sy and E, by plotting E,, versus 107(Ss /2.5). For the Howse Mine site project, sky
brightness measurements were obtained at different sites in the vicinity of the DSO complex site, as shown on the
sky quality location map presented in Appendix 1. The measurements were obtained with a Sky Quality Meter
(SQM), manufactured by Unihedron. Unihedron Model No. SQM-LU-DL with data logger was used for the in-situ
measurements for the Howse Mine project evaluation, as shown in Figure 1. Field data sheets and output files of
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recorded data are included in Appendix 2. Systematic measurement conditions and methodology were used during
the sampling program to obtain a variety of sky brightness conditions.

Figure 1 SQM-LU-DL with a protective housing mounted on a tripod. Credits: Denis Lalonde. AECOM

This instrument allows for automated measurements of the sky brightness. Clear weather conditions during the data
collection period have allowed for the collection of 7 data points, 5 of which were used for modeling purposes. Table
1 shows the measurement results. SQM sky brightness measurements can have significant uncertainties and
therefore the more data that is available for analysis, the more representative the analysis will be. Having less than

5 measuring points may result in an inaccurate evaluation. Uncertainties not only comes from the instrument itself
but also from changes in atmospheric conditions (clouds & aerosols), stellar background in the area of the sky
sampled and the presence or absence of atmospheric emission lines (nhorthern lights). In order to be representative
and useable for modeling purposes, measurements were conducted under strict night sky conditions. Based on best
practices found in the literature review, strict night sky conditions can be described as follows:

* Moonless night.

* No clouds or fog.

e The Sunis at least 18 degrees below the horizon (astronomical twilight).
* No direct light from artificial sources reaches the detector of the device.

Note that all data were collected after astronomical twilight to exclude indirect solar radiation. By linear regression of
the Ep, vs 107(Ss / 2.5) plot, the intercept (-E,) and slope (107(S, / 2.5) were obtained. This is shown in Figure 2.
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Table 1In Situ Night-Time Illlumination Results, November 26 to 28, 2014
DATE AND TIME OF AVS SN
READING
SITE ID DESCRIPTION MEASUREMENT ,
mag/arcsec
Irony Mountain / Important site for First Nations and project site 27-Nov-14 20.52
Howse =1.5 km west of Howse 00:37 to 00:43 )
. Innu camp, hunting site and potential migratory 26-Nov-14
Pinette Lake birds area. =2 km southeast of Howse 23:14 to 23:20 20.50
. Town center 26-Nov-14
Kawawachikamach-1 =26 km east to south-east of Howse 20:40 to 20:46 19.95
. 26-Nov-14
Kawawachikamach-2 On the road out of town 2105 to 21°11 21.16
. Town center 26-Nov-14
Schefferville-1 =24 km east-south-east of Howse 21:30 to 21:36 19.13
Schefferville-2 On the road out of town 26-Nov-14 20.50
21:49 to 21:54 )
. Old Goodwood Rd, on the way to Kivivik. =13 km 27-Nov-14 to 28-Nov-14
Dark point from Howse. 21:14 to 05:09 2174
* Maximum reading over the period of unattended sampling
3,50E-007
f(x) = 2,052E+001x - 6,211E-008 u
3,00E-007 R? = 8,039E-001
2,50E-007 |
2,00E-007
=
4 1,50E-007
1,00E-007
5,00E-008 m
0,00E+000 ] u
0,00E+000 5,00E-009 1,00E-008 1,50E-008 2,00E-008 2,50E-008

107(-Ss/2.5)

Figure 2 Linearization of Equation 3
The regression line is shown along with the corresponding equation and the correlation

coefficient

Using the intercept (-E,) value of 6.211x10® and slope (107(S, / 2.5)) value of 20.52 obtained from Figure 2, and a
reference brightness (So) of 3.28, these constants are used to transform the artificial radiance calculated by the
model into sky brightness values using Equation 1. When considering a null artificial sky radiance (E,), we obtain a
natural sky brightness of 21.30, which is the very minimum brightness that one can measure in that region.
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5. Seasonal changes in the sky brightness

When excluding sky brightness variations due to the moon, the stellar background and the northern lights, the main
factors that influence the night sky brightness changes is the amount of aerosols (small particles) in the air and the
change in the reflectance of the ground.

In the region of Schefferville, the aerosol optical depth (AOD), which is an indicator of the interaction between light
and aerosols, is relatively stable and has averaged value 0.1. However, this value is significantly increased during
sporadic pollution events, which occur mainly in the summer and fall seasons and are typically the result of transport
of wildfire smoke. In such circumstances, the AOD averaged value is higher at 0.8. These AOD values are taken
from the database of the AERONET network [24] (http://aeronet.gsfc.nasa.gov/) maintained by the NASA. We chose
the site of Kuujjuarapik (55N, 77W) to accomplish this estimate. This site is located on the shores of the Hudson
Bay. Although the site is 680km away from our study site, in our opinion it is the AERONET site that has an
atmospheric pattern that is most similar to the atmospheric pattern of the Howse mining site.

The change in the reflectance of the ground is primarily determined by the presence or absence of snow. Indeed,
snow is a very effective reflector, which has the effect of returning to the sky much of the light emitted towards the
ground. For bare soil, the typical reflectance is approximately 8%, whereas it can increase to 95% for a snow
covered ground. The presence or absence of snow has a major impact because the most common type of lighting
installed in the Schefferville area is the cobrahead style that projects about 7% of its light directly above the horizon
(i.e. 93% toward the ground), as shown in Figure 3. Thus, for bare soil, 14.4% (93% x 8% + 7% = 14.4%) of the light
is projected towards the sky (direct and reflected). When snow covers the ground 95.4% (93% x 95% + 7% = 95.4%)
of the light that is projected is projected into the sky. Consequently, snow cover acts as an efficient amplifying factor
for the night sky brightness.

Thi!

93%

Figure 3 Cobrahead fixture typically used in the Schefferville area
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6. Modelling results

The model lllumina requires satellite images as inputs (night radiance VIIRS-DNB [25], MODIS ground reflectance
[26] and SRTM topography [27]). The abundance of satellite data available allows for evaluation of large territories
and then refinement using in-situ data to define local environmental properties. Three scenarios presented below
include most scenarios of sky brightness for all seasons in the region of the Howse project:

1. Winter with AOD=0.1: This scenario includes a period with snow cover.

2. Summer with AOD=0.1: This scenario includes the majority of time with bare soil cover. Such situation
occurs most of the time in late spring, summer and early fall.

3. Summer with AOD=0.8: This scenario covers sporadic air pollution events caused by forest fires. This
scenario typically occurs in summer and early fall.

The satellite data from 2013 is used for the three scenarios described above. At the time of writing this report, the
most recent valid acquisition of the night time lights by VIIRS-DNB is January 2013. On the satellite image, a certain
amount of light was detected in the region between Pinette Lake and Innu camp (see Figure 4). This light is coming
from human activity already taking place in this area in January 2013.

In addition to satellite images and SQM calibration data, a number of global parameters must be defined for the
modeling domain. In this case we have defined the average height of light fixtures relative to the ground to be 7 m.
The spatial resolution is 1 km by 1 km, the relative humidity is estimated at 70%, the typical distance between sub-
grid obstacles (i.e., trees, buildings) and averaged obstacle height are 40 m and 5 m, respectively. Calculations were
made for a wavelength of 550 nm which corresponds to the maximum sensitivity of the human eye. Finally, a light
fixture photometry was used corresponding to the Cobrahead style fixture. The modeling domain is 400 km by
400 km in an area centered at 55°N 67°W to consider all potential sources of light pollution. However, sky radiance
was only calculated over a subdomain area of 65 km (east to west) by 69 km (north to south). This subdomain
includes all sensitive receptors and mining/construction sites. The modelling domain is shown on Figure 5.

Figure 4 Lights associated with mining activity detected with VIIRS-DNB on January 2013
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6.1 Results
6.1.1 Sky brightness maps

The sky brightness results according to different seasonal conditions and for different sites or sensitive receptors
identified in this study are detailed in Table 3, which is presented in Section 7 of this report. However, prior to
presenting these data, figures showing the zenith sky brightness on the territory surrounding the Howse project is
presented for the three seasonal/atmospheric scenarios described earlier as Figures 6 through 8.

Goodwood

/

Kawawachikamach

Pinette lake

Schefferville

Figure 6 Scenario 1 - Winter sky brightness in units of mag per squared arcsec
with an aerosol optical depth of 0.1 (clean atmosphere)
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Goodwood

e

Kawawachikamach
Sunny

.

Pinette lake

Schefferville

Figure 7 Scenario 2 - Summer sky brightness in units of mag per squared arcsec
with an aerosol optical depth of 0.1 (clean atmosphere)
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Goodwood

/

Kawawachikamach

e

Pinette lake

Schefferville

Figure 8 Scenario 3 - Summer sky brightness in units of mag per squared arcsec
with an aerosol optical depth of 0.8 (polluted atmosphere)

As expected, the sky brightness level is much higher when there is snow cover. As an example, it can be seen that
the center of Schefferville has a sky brightness of approximately 19.3 in the winter, but has a value of approximately
20.9 in the summer. This presents a difference in magnitude of 1.6 per squared arc second, which is equivalent to a
decrease of radiance by a factor of 4.2 times (i.e. the radiance of the sky is 4.2 times larger in winter compared to
summer). Note that the color scales of Figures 6 to 8 vary from one to another. However, the minimum level of sky
brightness shown on all figures (i.e. red color) is the same (i.e. 21.3 mag/arcsec®). This can be explained by the fact
that far from the source, the brightness of the sky is dominated by the natural sky brightness while artificial sky
brightness becomes negligible. A natural sky brightness of 21.3 mag / arcsec? was found regardless of the
conditions of ground reflectance and regardless aerosol content. This value is 0.4 mag / arcsec? higher than the
minimal level of 21.7 provided in the Berry (1976) [28] sky brightness scale (Table 2). A 0.4 mag difference indicates
that the sky radiance is 44% higher than the absolute natural sky brightness. One important element to consider to
explain the difference between the natural sky brightness measured in the Howse project region and the one defined
by Berry (1976), is the presence of a constant background atmospheric excitation in the northern regions. This
background atmospheric excitation can be understood as the minimal level of northern lights activity that are
indistinguishable from the pure natural background for a visual observer or for the SQM measurement.
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Table 2 Reference night sky brightness scale as defined by Berry (1976)

*
(Milg(])//A?!:chz) Naked-Eye Appearance of the Sky (M.W. = Milky Way)
217 The sky is crowded with stars, extending to the horizon in all directions. In the absence of haze the M.W.
) can be seen to the horizon. Clouds appear as black silhouettes against the sky. Stars look large and close.
216 Essentially as above, but a glow in the direction of one or more cities is seen on the horizon. Clouds are
) bright near the city glow.
211 The M.W. is brilliant overhead but cannot be seen near the horizon. Clouds have a greyish glow at the

zenith and appear bright in the direction of one or more prominent city glows.

To a city dweller the M.W. is magnificent, but contrast is markedly reduced, and delicate detall is lost.
20.4 Limiting magnitude is noticeably reduced. Clouds are bright against the zenith sky. Stars no longer appear
large and near.

M.W. is marginally visible, and only near the zenith. Sky is bright and discoloured near the horizon in the

19.5 direction of cities. The sky looks dull grey.

Stars are weak and washed out, and reduced to a few hundred. The sky is bright and discoloured

185
everywhere.

* Referred to as Sky Brightness in this report.

7. Sensitive receptors

Some sensitive receptors were selected based on the features of the area occupied by the local population and/or
on the basis of their cultural significance (e.g. Naskapi, Irony Mountain, Innu camp center Schefferville, and
Kawawachikamach center). Other sensitive receptors were chosen for their importance to the preservation of the
environmental conditions in light of their particular wildlife population (Sunny, Innu camp, Pinette Lake). Finally, a
third category of sensitive receptors are evaluated due to their proximity to the proposed mining sites (Sunny,
Goodwood, Kiviviks). The list of sensitive receptors with their coordinates is presented in Table 3 and Appendix 1
provides a figure showing receptor locations on a map.

For each sensitive receptor, the value of the sky brightness was calculated for the three season / atmospheric
scenarios evaluated. This data are presented in Table 4. The sky brightness values include sky brightness from both
natural and artificial origins. This data may serve as a comparative basis for quantifying future sky brightness
changes as a result of a future increase in mining activity for the area.

In Table 4, it is noted that the sky radiance for Goodwood and Sunny is equal to the natural sky brightness
previously estimated at 21.30. Therefore, the only significant light related to mining activity were located at the
Pinette Lake and Innu camp receptors, whereas, Goodwood and Sunny receptors are free of light pollution. Light
pollution in winter remains low for Naskapi camp/activity and Irony Mountain receptors, where there is a decrease of
0.04 mag/sq arcsec and 0.1 mag/sq arcsec, each respectively. These values correspond to 4% and 10% increases
in the sky radiance compared to the natural sky radiance. For the Innu camp and Pinette Lake receptors, the sky
radiance is respectively 38% and 66% higher than the natural sky radiance. Such an increase is noteworthy, but it is
not surprising given there are light sources located in this area which is within 2 km from each sensitive receptor.
For further analysis, the ratio of artificial radiance on the natural radiance was calculated for each
season/atmosphere and each sensitive receptor. These percentages are presented in Table 5.
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Table 3 Coordinates of the sensitive receptors and corresponding SQM measurement

Receptor ID

Description

Latitude

Longitude

Quality checked
measured sky

brightness
(Mag/Arcsec?)

Northernmost proposed mine site. =25 km o o " on s .
Goodwood from Howse, far from artificial lights 55762.87'N | 67°20"12.05°'W i
Sunny E;?Tﬁ’?rﬁﬁcrlg'lr}%ﬁ'tf =17 km from Howse, far | g y59 99'N | 67°14'47.30°W :
Naskapi camp/activity V(\Z/g;ltlnogljcséc())r\}\?sléake. Fishing. =4.2 km north- 54°56'06.48"N | 67°11'19.19"W -
Irony Mountain '()Tﬂ%r\fé”et site for First Nations. =15 km west | gjo503 790\ | 67° 9'29.59"W 20.50
Innu camp t?fnmk;g‘#t‘a:j;"e?j;;f Howse. Northeast | 5405337 10'N | 67° 39.10"W .
Pinette Lake LT duscaﬁré‘ap’:;rllﬂjngsﬁsgg gl?tHeg\t,@'em'gratory 54°53'16.91"N | 67° 6'43.63"W 20.40
Kawawachikamach | 194" center. Population 600 (approx.). 54°51'49.03'N | 66°45'39.00"W 10.97
Schefferville Town center. Population 900 (approx.). 54°487.00°N | 66°48'57.18"W 19.30

Old Goodwood Rd, on the way to Kivivik.
Dark point Considered as a darkest point during the 55° 0'43.00"N | 67°14'42.00"W 21.74

measurement program. =13 km from Howse.

Table4 Summary of Sky Brightness Results by Modelling Scenario
Winter AOD=0.1 | Summer AOD=0.1 | Summer AOD=0.8
Receptor ID
Mag/sq arcsec Mag/sq arcsec Mag/sq arcsec

Goodwood 21.29 21.30 21.30
Sunny 21.29 21.29 21.30
Naskapi camp/activity 21.26 21.29 21.29
Irony Mountain 21.20 21.28 21.28
Innu camp 20.95 21.23 21.16
Pinette Lake 20.75 21.20 21.10
Kawawachikamach 19.54 20.94 20.44
Schefferville 19.36 20.84 20.30

12
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Table5 Summary of Artificial Sky Radiance to Natural Sky Radiance ratios by Modelling Scenario

Receptor ID Winter AOD=0.1 Summer AOD=0.1 Summer AOD=0.8

% % %

Goodwood 0.2 0.1 0.0

Sunny 0.5 0.2 0.0

Naskapi camp/activity 3.5 0.9 0.5

Irony Mountain 8.9 1.9 2.0

Innu camp 375 6.3 13.6

Pinette Lake 66.1 9.1 19.6

Kawawachikamach 404.3 39.5 120.0

Schefferville 492.8 53.0 149.6

Among many outputs of the Illumina model, the contribution map is one of the most powerful when used as a tool to
assess and control light pollution. Each 1 km by 1 km ground pixel of the contribution map contains its percentage of
contribution to the artificial sky radiance. To better understand the origin of the artificial sky radiance for each
sensitive receptor and separate the contribution of nearby villages from the mining activity contribution, AECOM
integrated the contribution map values around the towns of Schefferville and Kawawachikamach. For Schefferville,
the values within a radius of 4 km were added, whereas a radius of 3 km was used for Kawawachikamach. Each
evaluation radius was chosen to comprise the complete contribution of each village. The result of that analysis is

presented in Table 6.

Table 6 Origin of the artificial sky radiance at each sensitive receptor by Scenario

Winter AOD=0.1 Summer AOD=0.1 Summer AOD=0.8

Receptor site % % % % % %
Schefferville | Kawawa. | Schefferville| Kawawa. | Schefferville | Kawawa.

Goodwood 30.3 15.8 34.0 18.7 20.7 10.8
Sunny 25.4 125 315 15.4 13.1 7.2
Naskapi camp/activity 12.7 4.9 19.6 7.3 3.4 1.5
Irony Mountain 7.5 2.9 134 5.2 2.0 0.8
Innu camp 34 1.4 6.7 2.6 0.7 0.3
Pinette Lake 1.6 0.6 4.3 1.7 0.7 0.2
Kawawachikamach 2.4 97.4 5.8 92.6 1.5 97.4
Schefferville 98.9 0.9 97.5 1.9 99.3 0.5

It should be noted that the percentages listed in Table 6 provides the portion of the corresponding Table 5 value that
originates from a given town. As an example, for the case of Irony Mountain, in winter, the artificial sky radiance level
is 8.9% of the natural radiance (Table 5) but 7.5% of that amount is coming from Schefferville (Table 6). In other
words, 8.9% x 7.5% = 0.7% is the artificial radiance to natural radiance ratio that can be assigned to Schefferville at
Irony mountain. Currently, the winter artificial sky radiance at the Goodwood receptor is coming from Schefferville
(30.3%) and Kawawachikamach (15.8%). In other words, 53.9% (100%-30.3%-15.8%) of the artificial sky brightness
at the Goodwood receptor is coming from ongoing mining and construction activities. For the Sunny receptor, 62.1%
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of the artificial sky brightness is coming from ongoing mining/construction activities. This higher percentage
compared to Goodwood receptor may be explained by the fact that Sunny is closer to the mining/construction
activities sites in comparison to Goodwood. The same analysis can be made with any other sensitive receptor. In the
case of Irony Mountain, 89.6% of the artificial sky radiance is coming from the nearby mining/construction activities.
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Appendix 1
Study Areas and Sky Quality Measurement Locations
and Sensitive Receptor Locations Maps

60334427 — January 2015 (Rev 1 in October 2015)






AECOM Howse Mineral Limited DSO Howse Property
Environmental Assessment —
Ambient Light Technical Report
T
55°10N 67°20W 2 e 1owW 67:W. 55°N oo, B o™
2 2 A e
oV va 2 o
<
z
=2
g
AN Kawawachik =
~~L =
l Lac b by R
Dark Point =~ S S —
3 sy
) NSSrseds TGy [ SRS 7 e
S - Kawawachikamach-2
R Lac do s Squew
i reae creébush Lot e
wsitats N R 5 Ny ircon p ; 0 =l
i o 2 S NN . 2. —~
3 Do N ey AR P
RN N g A Lie Jito Yo ol > &
W) SN Gt sy . /'Schefferville-1 N

55°N.

%

Lo Wi

iaegis ke
cinostane Lore O EE

i
Bumens Lake))

)

Lae Giiaiime.

Sy
rdh)
» Vop i
{
A
Lag Lang-Jahi )
ong Y
Loc 4o piod ai I Monieghe
Lae'ts Borde

=

StorkLake.

S

SHE 2RI R
\_~ = Scheffervillé:27e]
N «Q._

R
Dot

D oveentake
\

g
N
W@%
2
8
8

87 10W.

B4°40N. ¥

B7°W.

"\ Border

Ve Main Access Road

2
a@
o7°40W 54°50N 6730w
Legend
®  sky Quality Sites and Mining y Road
D Regional Study Area &5 Existing Mined-out Pit [‘_:3 Howse Mining Area (approximative) 1:170 000
[ tocai stugy Area &5 Existing Waste Dump (®)  Main Prosessing PlantAvea AN 0 > o

and Labrador

UTM 19N NAD 83

" Raiway

60334427 ~ January 2015 (Rev 1 in October 2015)

SOURCES:

NTDB, 1:50,000, edition 3.1
Gov. of NL and Gov. of Qc, Border
NML, Mining sites and roads
GH, Hydrology update, 2008

DSO Howse Project EIS

Study Areas and Ambiant Light Measurement Sites

January 2015 MAP 1

AZCOM







AECOM

Howse Mineral Limited

DSO Howse Property
Environmental Assessment —
Ambient Light Technical Report

55°10N 67°20W

67°10'W

2
%
3

B7°W.

osow. B
2
2
2

S
W°
&

Lac Fawves

z
&
B
Kawawachikamach
tac Dgny R
o
3
NSSrsedan ey & rd ool
Lac Denitp)c oS N
¢
s Lac do o S =
Greenbush Lake \\ -,
kliManih,'L’c =
By Lake g
# e 3
Baof Loks kapi.Camp - Activity Deoman =& L SHES SRS
Curtingstone. Tagle L ~ e
23 R
2, har S
J T
2 5 N
2 burensais, JFONY MoUntain
N o
)
THE S
Y tveortake
\
\ \
NS Ruih Lake S
SSwhians 00 S
s bR aSA s IO S5
Eltabernlake_ _ > 3 =
”.
2
et N
A z
R
fau iliiane
Z
8
o
e o
A z
‘ot N
\ o
&
L Lag Jar
e
v,
AL
Loc doPlc a8 o
Lac La Borte’ D
3
2
B
8
N
67°40'W 54‘?0’N B7730'W B7720'W. 67”1‘D'W B54°40N. 67“‘W
Legend SOURCES: DSO Howse Project EIS
(*)  Sky Radiance Receptors used in modelling and Mining Road NTDB, 1:50,000, edition 3.1 -
Gov. of NL and Gov. of Qc, Border i i
D Regional Study Area 5 Existing Mined-out Pit ] Howse Mining Area (approximative) 170000 NML, Mining sites and foads Study Areas and Ambiant Light Modeled Receptors
= GH, Hydrology update, 2008
[ Local stugyArea $i5  Existing Waste Dump @ ik issessivg PRt ires 0 2 &k [—— —
Y -
~ and Labrador
“_ Border /~ Main Access Road =
h " Raiway ) UTM 19N NAD 83 -wCOM
60334427 — January 2015 (Rev 1 in October 2015) 1-3






AECOM Howse Mineral Limited DSO Howse Property
Environmental Assessment —
Ambient Light Technical Report

Appendix

Appendix 2:
In-situ measurement datasheets,
SQM-LU-DL data output and pictures
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UNIHEDRON SQM-LU-DL MEASUREMENT DATASHEET

Ambient light - TSMC

* Before measurement, program the Sky Quality Meter (SQM). See back of page.
** Before measurement, plan for acceptable time and weather conditions. See back of page.
GOS Garvin__ Dartplons opp
Site name KMAL,UA -~ CayJTER. | Lat. N 5% 51 ' 3%, 6" N 54° 5’ 6417
oate 6 Jwov |14 Long, 0 0% 45" 403"| W o 45,6725’
Observer name M. L@LULS /O’ LD»&O\NQL Elevation 4%8 M 4 %’% N
7

Timing

Describe Sky conditions (clouds, humidity, etc...)

End Twilight (HH:MIN) Clear sk

15:53

Begin Twilight - following day (HH:MIN)

6:3F

Moonset (HH:MIN)

(4: 54

(o)A

\)Uj \\3W’ wind
% Stamolr ¢ Passd ‘9? e 47>

Next moonrise - following day (HH:MIN) “ . } ()

New moon date (DD-MM-YR) &g -l - [4 Describe surroundings (% snow cover, trees, buildings, etc...)
Outside Temperature (°C) - \ Al' °C Survowded w’a» [/\9""’35 Mq} S0m wLUOtB
SQM placed in Outdoor housing (Y/N)? N :\ D Howes
SQM data logging frequency (sec or min) J O Sec

PROCEDURE:
1. No artificial light directly on lens (lens reads a 20° wide cone)
2. No aircraft passing close to the zenith

3. Avoid using the SQM near lights like streetlights and in areas that are shaded by trees or buildings. A
rule of thumb for the SQM is to be as far from the object as it is high. For streetlights, stand at least 7.5
meters (or 25 feet) away. Keep away from objects that can reflect light

4. Point the SQM directly overhead (at the zenith). The meter should be held above head level so that

shadows or reflections from your body do not interfere with the reading. Keep it steady.

5. The meter is somewhat temperature dependent. Leave the meter outside for at least 5 minutes to

reach ambient temperature before taking any measurements.

6. Clean lens (from SQM and outdoor housing if used) with a soft cloth. Ensure no condensation on lense.

MEASUREMENT:

Connect the battery pack when ready to measure (This turns on the SOM)

v

For short term measurement, take readings for about 5 minutes per site

v/

Start time (HH:MIN)

Q0: 40

¥

End time (HH:MIN)

~ Q0:4¢

Disconnect battery pack when finished (This turns off the SQM)

v

NOTES:




INSTRUCTIONS

* Before measurement, program the Sky Quality Meter (SQM).
1i- Program the SQM using the Unihedron Device Manager software
2- Connect the SQM and click Find to ensure the SQM has been detected
3- Go to the “Data Logging” tab
4- Click on “Settings” button under Device Clock. Ensure SQM and computer times are synchronized.
5- If data stored in the SQM have already been saved, you can “Erase all”, this will free up memory.
6- For short term measurements, set “Every x seconds (always on)” at 10 s.
7- For long term measurements, set “Every x minutes (power save mode)” at 5 m.

Note: There is no display on the SQM, consequently, you must ensure the device is correctly programmed, before any measurement

*x Before measurement, plan for acceptable time and weather conditions.
1. Measurements should be taken on clear nights
2. Moonis <% full
3. Moonis NOT up
4. 1.5 hours after end of civil twilight (http://www.sunrisesunset.com/Canada/Quebec/Schefferville.asp)
5. 1.5 hours before beginning of civil twilight
6. No aurora borealis

Example : For measurement on November 25th, 2014.

End Twilight is 15:54 + 1.5 hour = 17:23
Begin Twilight (following day) is 6:35 — 1.5 hour = 5:05
Moonset is 18:40

Measurements can be taken:
From: November 25" at 18:40
To: November 26" at 5:05

Next moonrise (following day) is 10:35

New moon date: Nov. 22™

Latitude, Longitude: 54 48.0'N, 66 486'W

November 2014
Schefferville, Québec, Canada

Time zone -6:00 (Eastem) ST observance: North Amerka

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1
Twi: 651
Sunnise: 7 29
Surset. 16:52
Twr 17:31
Moonrise: 14:35
Moonset 0.23
Day length 9h 23m
2 ST £nds| 3 4 5 6 Ol7 8
T §53 Twr § 55 Tva: 557 Twt 5:59 Twi 601 Twa 6.02 Twi 604
Sunrise 6:3 Sunrise: 6.33 Sunnse: 6:35 Sunrise: 6.37 Sunrse: 6.40 Sunrise: 642 Sunrise. 6 44
Sunset 15 50 Sunset 15:48 Sunset 15:46 Sunset 15:44 Sunset: 15:42 Sunset 1540 Sunset: 15:38
Tea 16.29 Twi 1627 Twi: 1625 Twi 1623 Twi 1621 Twi 1619 Twi: 16:18
Moonnse. 14.01 |Moonrise. 14:26 Moonrise: 14 52 Mocnnse: 1519 Moonrise: 15 50 Moonnse: 16 26 Moonrise 17.08
Moonset 043 Moonset 2-03 Moonset: 3:23 Moonset: 4 43 Moonset: 601 Moonset: 7 16 Moonset: 824
Day length Sh 19m Day tength. Sh 15m Day length- 9n 11m Day iength: $h Tm Full Moon. 17.24 Day length. Bh 59m Day tength: 8h 55m
Day fength. 9h 3m
9 10 11 12 13 14 15
Twa. 506 Twi 608 Twi 610 Tw 6:12 Twi 6:13 Twi 6:15 Twi. 6.17
Sunmise 646 Suarise: 6 48 Sunnse: 650 Sunrise: § 52 Sunrse: 654 Sunrise: 6.55 Sunrise: 6.57
Sunset 1537 Sunset 1535 Sunset 15:33 Sunset 15:31 Sunsel: 15:29 Sunset 1528 Sunset 1526
Tw 1618 Twi: 16:14 Twi 16.13 Twi- 1611 Twi: 16:10 Twi 1608 Twi. 18:07
Moonnise: 17 57 Moonrise 1851 Moonrise: 19:51 Moonrise: 2053 Moonrise: 21.57 Moonrise 23 01 Moonrise: none
Moonser 925 Moonset 1016 Moonset. 10.58 Moonset: 1132 Moonset 1201 Moonset 12:25 Moonset 12'47
Day length 8h 51m Day length. 8h 47m Day length™ 8h 43m Day tength: 8h 40m Day length: 8h 36m LastQtr 10097 Day iength: 8h 25m
Day iengtm 8h 32m
16 17 18 19 20 21 22
Tva. §:19 Twi 620 Twi: 622 Tw. 6:24 Twi. 6.26 Twi 627 Twi: 628
Sunrise. §:59 Sunrise. 7.01 Sunnse. 7.03 Sunrise. 7.05 Sunnse: 7.07 Sunnse. 7.09 Surrise 7.11
Sunset 1524 Sunset 1523 Sunset 1521 Sunset 1520 Sunset 15:18 Sunset 15 17 Sunset: 15116
Twi 1605 Twi: 16:04 Twi 16.02 Twi- 1601 Twi: 16 00 Ter: 1559 Twi: 1557
Moonnse: 006 Moonrise 1:12 Moonrise: 2:19 Moonrise: 328 Moonrise: 4 38 Moonnse 549 Moonrise 658
Moonset 13.08 Moonset 13.28 |Moanset. 1349 Moonset: 1412 Moonset: 14:38 Moonset 1508 Moonset 1548
Day length: 8h 25m Day length. 8h 22m Day length. 8h 18m Day length: 8h 15m Day length. 8h 11m Day length. 8h 8m New Moon: 7.33
Day length: 8h 5m
23 24 25 26 27 28 29
Twi 631 Twi: 632 Twi 634 Twi 635 Twi: 637 Twt 6:38 Twi. 6:.40
Sunrise. 7:13 Sunrise: 7.14 Sunrise: 7.16 Sunrise; 7:18 Sunrse: 7:20 Sunrise 7:21 Sunrise 7:23
Sunset. 15 14 Sunset 15:13 Sunset 15:12 Sunset: 15 11 Sunset 15:10 Sunset: 15 09 Sunset 1508
Twi 1556 Twi: 15:55 Twi: 1554 Twi 1553 Twi: 1552 Twi 1551 Twi: 1551
804 koonrise 9:03 ise: 9 53 ise. 10:35 :11:10 Moonnse: 11.40 Moonrise: 12:07
Moonset 1635 Moonset 17 33 Moonset 1840 Moonset: 19:54 Moonset. 21:12 Woonset: 2231 Moonset: 23.50
Day lengtn: 8h 2m Day fength: 7h 5ém Day fength: 7h 56m Day length. 7h 53m Day length: 7h 50m Day length. 7n 47m First Qtr: 5:07
Day tength: 7h 44m




UNIHEDRON SQM-LU-DL MEASUREMENT DATASHEET
Ambient light - TSMC

* Before measurement, program the Sky Quality Meter (SQM). See back of page.
** Before measurement, plan for acceptable time and weather conditions. See back of page.
: ) ] ! /
site name K AwAWA ~ our g Toud | tat. N54°44'03.1" | Nse° 49,1194’
) ] )
Date 86 [Lov / [4 Long. WoLh°® 45 05.5"|w 0bb° 95.08%8
Observer name M, Low) S /D. [}VM Elevation 69‘( M é 00m
Timing : Describe Sky conditions (clouds, humidity, etc...)
End Twilight (HH:MIN) |S: g3 Clear Sk ~ 100Y,

Begin Twilight - following day (HH:MIN)

6:3?

Moonset (HH:MIN)

[4:54

BWD{/W S’(?JU/SJ &l(MOSI" ee th“fj \A_D,ta,
L@W\ wind.

Next moonrise - following day (HH:MIN) { ! ! } O
New moon date (DD-MM-YR) &Q-[\ - ] 4« Describe surroundings (% snow cover, trees, buildings, etc...)
Outside Temperature (°C) . S °C C@V‘V\.QJ\ of. rood
) . L00%Z & Cover
SQM placed in Outdoor housing (Y/N)? )\/ A|00 g %N Iy,
SQM data logging frequency (sec or min) (O Sec_ i cor + 1 Wul'\w‘hli Wgsﬁ p'gh,_
“ 7

PROCEDURE:

1. No artificial light directly on lens (lens reads a 20° wide cone)

2. No aircraft passing close to the zenith

3. Avoid using the SQM near lights like streetlights and in areas that are shaded by trees or buildings. A
rule of thumb for the SQM is to be as far from the object as it is high. For streetlights, stand at least 7.5
meters (or 25 feet) away. Keep away from objects that can reflect light

4. Point the SQM directly overhead (at the zenith). The meter should be held above head level so that
shadows or reflections from your body do not interfere with the reading. Keep it steady.

5. The meter is somewhat temperature dependent. Leave the meter outside for at least 5 minutes to
reach ambient temperature before taking any measurements.

6. Clean lens (from SQM and outdoor housing if used) with a soft cloth. Ensure no condensation on lense.

MEASUREMENT:

Connect the battery pack when ready to measure (This turns on the SQM)

v

For short term measurement, take readings for about 5 minutes per site

v/

Start time (HH:MIN)

*U:0S

End time (HH:MIN)

x93l 1l

Disconnect battery pack when finished (This turns off the SQM)

NOTES:




INSTRUCTIONS

* Before measurement, program the Sky Quality Meter (SQM).
1- Program the SQM using the Unihedron Device Manager software
2- Connect the SQM and click Find to ensure the SQM has been detected
3- Go to the “Data Logging” tab
4- Click on “Settings” button under Device Clock. Ensure SQM and computer times are synchronized.
5- If data stored in the SQM have already been saved, you can “Erase all”, this will free up memory.
6- For short term measurements, set “Every x seconds (always on)” at 10 s.
7- For long term measurements, set “Every x minutes (power save mode)” at 5 m.

Note: There is no display on the SQM, consequently, you must ensure the device is correctly programmed, before any measurement

wE Before measurement, plan for acceptable time and weather conditions.
1. Measurements should be taken on clear nights
2. Moonis <% full
3. Moon is NOT up
4. 1.5 hours after end of civil twilight (http://www.sunrisesunset.com/Canada/Quebec/Schefferville.asp)
5. 1.5 hours before beginning of civil twilight
6. No aurora borealis

Example : For measurement on November 25th, 2014.

End Twilight is 15:54 + 1.5 hour = 17:23

Begin Twilight (following day) is 6:35 — 1.5 hour = 5:05
Moonset is 18:40

Next moonrise (following day) is 10:35

Measurements can be taken:
From: November 25" at 18:40

To: November 26" at 5:05
New moon date: Nov. 22™

Latitude, Langtude: 54 48.0° N, 66 486" W

November 2014
Schefferville, Québec, Canada

Time zone' -5:00 (Eastern)  DST observance: North America

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1
Twi: 851
Sunrise: 7.29
Sunset. 1652
Twi 17:31
Moonrise: 14:36
Moonset. 0:23
Day length: 9h 23m
2 psT Ends|3 4 5 6 ol 8
Twi 553 Twi: 555 Twi 5.57 Twt 550 Twt 601 Tw 602 Twi: 604
Sunfise 631 Sunrise: 633 Sunrise: 6 35 Sunrise’ 637 Sunrise: 640 Sunrise: 6.42 Sunrise: 6 44
Sunset 1550 Sunset 15:48 Sunset 15:46 Sunset 15:44 Sunsel: 1542 Sunset 15:40 Sunset: 15.38
Twi: 1629 Twi 16:27 Ted: 16:25 Twi. 1623 Twi. 16:21 Twi: 16:19 Twi: 16:18
ise 14.01 Moonrise: 14:26 ise: 1452 Mognrise 1519 Moorrise: 15 50 Moonnse 16 26 Moonrise: 17:08
Moonset: 043 Moonset 2.03 Moonset: 323 Moonset 443 Moonset 601 Moonset 7.16 Moonset: 8:24
Day length 8h 19m Day length: 8h 15m Day length: 9h 11m Day length $h ITm Full Moon. 17:24 Day length: 8n 59m Day length: 8h 55m
Day length: 9h 3m
9 10 11 12 13 14 15
Twa 606 Twi 608 Twi: 610 Tw 6:12 Twi 6:13 Twi: 6:15 Twi:6:17
Sunrise. 6:46 Sunrise: 6.48 Sunnse: 650 Sunrise: 6 52 Sunnse: 654 Sunrise: 655 Sunrise: 657
Sunset 15:37 Sunset 15:35 Sunset 15:33 Sunset 1531 Sunset 15.2¢ Sunset. 1528 Sunset 1526
Twi 1616 Twi: 16:14 Twi: 18.13 Twr 1611 Twi: 16:10 Twi. 16.08 Twi: 1607
Moonnse: 17.57 Moonrise: 18:51 Moonrise: 1951 Mocnrise: 2053 Ioonrise: 21:57 Moonnse. 2301 Moonrise: none
Moonset 925 Moonset 10.16 Moonset. 10:58 Moonset 11.32 Moanset 12.01 Moonset 12:25 Moonset. 12:47
Day length: 8h 51m Day lengtn: 8h 47m Day length 8h 43m Day tength: 8h 40m Day length: 8n 36m LastQir: 10117 Day tength: 8h 28m
Day length: 8h 32m
16 17 18 19 20 21 22
Tva: 6:19 Twi: 620 Twi: 622 Tw1 624 Twl 626 Twi 627 Twi. 6:29
Sunrise: §:58 Sunrise: 7.01 Sunnse: 7.03 Sunrise: 7.05 Sunnse. 7.07 Sunrise. 7.09 Sunrise: 7.11
Sunset 1524 Sunset: 1523 Sunset: 1521 Sunset 1520 Sunset 15:18 Sunset 1517 Sunset: 15:16
Twi: 16 05 Twi: 16:04 Twi: 16.02 Twe 1601 Twi: 16 00 Twr: 1559 Twi. 1557
Moonrise: 0.06 Moonrise: 1:12 Moonnise: 219 ise 328 roonrise: 438 Moonnse 548 Moonrise: 658
Moonset: 13:08 Moonset 1328 Moonset: 13.4¢ Mocnser 14.12 Moonsel 1438 Moonset 15.09 Moonset. 15 48
Day lengtn: 8n 25m Day length: 8h 22m Day iength. 8h 18m Day length: 8h 15m Day length: 8h 11m Day tength. 8h 8m New Moon: 7.33
Day length: 8h 5m
23 24 25 26 27 28 29
T §:31 Twi: 6:32 Twi: 6:34 Twi 635 Twi: 6.37 Twi 639 Twi. 6.40
Sunrise: 7.13 Sunrise: 7:14 Sunrise: 7:16 Sunrise 718 720 Sunrise 7:21 Sunrise: 7.23
Sunset: 15:14 Sunset: 15:13 Sunget 15:12 Sunset 1511 Sunset 15:10 Sunset: 1509 Sunset 1508
Twi: 1556 Twi 15:55 Td- 1554 Twt 1553 Twi: 1552 Twi 1551 Twi 15351
Moonnse' 804 Moonrise: 9:.03 953 Moonrise. 1035 Moonrise: 11:10 11.40 Moonrise. 12:07
Moonset. 16.35 Moanset 17 33 Moonset: 1840 Moonset 19:54 Hoonset: 21:12 Moonset: 22:31 Moonset: 23 50
Day length 8h 2m Day length: 7h 58m Day length: 7h 56m Day length: 7h 53m Day length: 7h 50m Day fength: 7h 47m First Qtr. 507
Day length: 7h 44m




UNIHEDRON SQM-LU-DL MEASUREMENT DATASHEET
Ambient light - TSMC

* Before measurement, program the Sky Quality Meter (SQM). See back of page.
** Before measurement, plan for acceptable time and weather conditions. See back of page. (u
G Gorwin Sw‘h? e b4p
. _ ) | L)
Site name SHEFFBRULLE - Cenene | Lat. N 54°4¢ 19 lf\ N Szfol%; Qo%’

Date &6 Jou [ 14 Long. W OB 48" 415 | 0b%° 45. 7035

Observer name M, Lowuis /O‘ W Elevation Sl%m SAb m

Timing Describe Sky conditions (clouds, humidity, etc...)
End Twilight (HH:MIN) 15:$3 [00% Clear < }1)
Begin Twilight - following day (HH:MIN) L3 3
Moonset (HH:MIN) 19 S¢
Next moonrise - following day (HH:MIN) ' l 10
New moon date (DD-MM-YR) g; _ (( -) LI, Describe surroundings (% snow cover, trees, buildings, etc...)
Outside Temperature (°C) - \ S °C Swow Coveyr 1009,
SQM placed in Outdoor housing (Y/N)? N In Ba,salﬂa.“ P“’V\ \L
SQM data logging frequency (sec or min) ‘ ) Sec
PROCEDURE:

1. No artificial light directly on lens (lens reads a 20° wide cone)

2. No aircraft passing close to the zenith’

3. Avoid using the SOM near lights like streetlights and in areas that are shaded by trees or buildings. A
rule of thumb for the SQM is to be as far from the object as it is high. For streetlights, stand at least 7.5
meters (or 25 feet) away. Keep away from objects that can reflect light

4. Point the SQM directly overhead (at the zenith). The meter should be held above head level so that
shadows or reflections from your body do not interfere with the reading. Keep it steady.

5. The meter is somewhat temperature dependent. Leave the meter outside for at least 5 minutes to
reach ambient temperature before taking any measurements.

6. Clean lens (from SQM and outdoor housing if used) with a soft cloth. Ensure no condensation on lense.

MEASUREMENT:
Connect the battery pack when ready to measure (This turns on the SQM) v
For short term measurement, take readings for about 5 minutes per site \/
Start time (HH:MIN) ~AD0
End time (HH:MIN) 2 3
Disconnect battery pack when finished (This turns off the SQM) \/

NOTES:




*

Note: There is no display on the SQM, consequently, you must ensure the device is correctly programmed, before any measurement

* ok

o wNeE

INSTRUCTIONS

Before measurement, program the Sky Quality Meter (SQM).

Program the SQM using the Unihedron Device Manager software
Connect the SQM and click Find to ensure the SQM has been detected
Go to the “Data Logging” tab

Click on “Settings” button under Device Clock. Ensure SQM and computer times are synchronized.
If data stored in the SQM have already been saved, you can “Erase all”, this will free up memory.

For short term measurements, set “Every x seconds (always on)” at 10 s.
For long term measurements, set “Every x minutes (power save mode)” at 5 m.

Before measurement, plan for acceptable time and weather conditions.

Measurements should be taken on clear nights
Moon is < % full
Moon is NOT up

1.5 hours after end of civil twilight (http://www.sunrisesunset.com/Canada/Quebec/Schefferville.asp)

1.5 hours before beginning of civil twilight
No aurora borealis

Example : For measurement on November 25th, 2014.

End Twilight is 15:54 + 1.5 hour = 17:23

Begin Twilight (following day) is 6:35 — 1.5 hour = 5:05

Measurements can be taken:
From: November 25" at 18:40

H . . th .
Moonset is 18:40 To: November 26" at 5:05
. . . . . nd
Next moonrise (following day) is 10:35 New moon date: Nov. 22
November 2014
Schefferville, Québec, Canada
Latitude, Longiude: 54 48 ' N, 66 48.6'W  Time zone -5:00 (Eastern)  DST observance North America
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1
Twi: 651
Sunrise: 7.29
Sunset 1652
Twi: 17:31
Moonrise: 14:35
Moonset 0:23
Day length: 9h 23m
2 DST Ends|3 4 s 6 Ol7 8
Twi 553 Twi 555 Ten 557 Twa 5.58 Twi: 6.01 Twi 602 Twi: 6:04
Sunrise. 6.31 Sunrise: 633 Sunrse. 6.35 Sunrise 6.37 Sunnse: 640 Sunrise’ 6.42 Sunfise: 6 44
Sunset 15.50 Sunset 15.48 Sunset 1546 Sunget 15.44 Sunset. 15.42 Sunset 15:40 Sunset 15:38
Twi 16:29 Twi: 16:27 Twi: 1625 Twi 1623 Twi: 1621 Twi: 16:19 Twi: 16:18
Moonnse: 14.01 Moonise 14.26 Moorrise: 14 52 wocnrise. 1519 {Moonrise: 1550 Moonnse: 16 26 Moonrise: 17:08
Moonset: 0:43 Moonset 203 Mognset 323 Moonset 4 43 {Moonset: 6.01 Moonset: 7.18 Moonset: 824
Day length. Sh 19m Day iength: 9h 15m Day length on 11m Day length 8h 7m Full Moon. 17 24 Day length 8h 59m Day jength 8h 55m
Day length: $h 3m
9 10 11 12 13 14 15
Twi: 6:06 Twi 6.08 Twi: 6 10 Twi 6:12 Twi. 6:13 Twi 615 Twi. 617
Sunrise. 6.46 Sunrise: 6.48 Sunrse: 6 50 Sunrise. 6 52 Sunnse: 654 Sunrise: 6:55 Sunrise: 6 57
Sunset 15:37 Sunset 15:35 Sunset 15:33 Sunset 15:31 Sunset: 15:28 Sunset 1528 Sunset 15:26
Tw: 16:16 Twi 16:14 Twi. 16.13 Twr 16.11 Twi: 1610 Twi 16 Ted: 1607
Moonrise: 17.57 Moonrise: 185% Moonrise: 1951 Mocnrise: 2053 Moonrise: 21:57 Moonrise. 23 01 Moonrise: none
Moonset: 9:25 Moonset 10:16 Moonset: 10:58 Moonset 11.32 Moonset: 12:01 Moonset. 12:25 Moonset 12:47
Day lengtn: 8h 51m Day iength: 8h 47m Day length” gh 43m Day length. 8h 40m Day length: 8h 36m LastQtr: 10:47 Day iength: 8h 29m
Day length: 8h 32m
16 17 18 19 20 21 22
Tea 619 Twi. 820 Twr 622 Twi 624 Twi. 626 Twi 6:27 Twi: 629
Sunrise. 659 Sunrise. 7.01 Sunrse: 7.03 Sunrise: 7.05 Sunnse: 7.07 Sunrise: 7.09 Surrise: 7.1
Sunset 15:24 Sunset: 15:23 Sunset 1521 Sunset 1520 Sunset 15:18 Sunset: 1517 Sursat 1516
Twi: 1605 Twi: 16:04 Twi: 16.02 Twi 1601 Twi: 1600 Twi: 15:59 Twi: 15:57
Moonnse: 006 Moonrise: 1:12 Moonrise: 219 Moonrise: 328 Moonrise: 438 Moonrise: 549 Moonrise: 6 58
Moonset 13.08 Moanset 1328 Moorsel 13:4% Moonser 1412 Moonset: 14:38 Moonset 1509 Moonset. 1548
Day length. 8h 25m Day iength: 8h 22m Day length_ 8n 18m Day length 8nh 15m Day length: 8h 11m Day length: 8h 8m New Moon. 7.33
Day length: 8h Sm
23 24 25 26 27 28 29
Tva: 6:31 Twi: 6:32 Twi: 634 Twi 6.35 Tva 6:37 Twi 6.39 Twi 640
Sunrise 7:13 714 Sunrise 7.16 Sunrise: 7.18 Sunnse: 7.20 Sunrise: 7.21 Sunrise: 7.23
Sunset. 1514 Sunset 1513 Sunset 1512 Sunget 1511 Sunset 15:10 Sunset: 1509 Sunset 1508
Twi: 1558 Twi 1585 Twi 1554 Ter 1553 Twi: 1552 Twa 1551 Twi: 1551
ise: 8.04 Moonrise: 9:03 53 e 1035 Moonrise: 11.10 Moonnse: 1140 ise 12207
Moonset: 16:35 Moonset 1733 Moonset 18:40 Moonset 19.54 Moonset. 21:12 Moonset: 22.31 Moonset 2350
Day length: 8h 2m Day tength: 7h 58m Day length: 7h 56m Day length: 7h 53m Day length: 7h 50m Day fength. 7h 47m First Otr: 5:07
Day length: 7h 44m




UNIHEDRON SQM-LU-DL MEASUREMENT DATASHEET
Ambient light - TSMC

* Before measurement, program the Sky Quality Meter (SQM). See back of page.
** Before measurement, plan for acceptable time and weather conditions. See back of page.
GPS (rm; A SAW"'(P“UM ,
. \ OuUT 0 ) y ©
Site name SCHEREERVILLE - WVt | Lot N 54°48' 205" | N 54°43. 3443
0 ) L4
Date 6 |nov| 14 Long. W 0bb°50' 08.8" | W 06b" 0. [434'
Observer name W, Loy /D‘M Elevation SBO) n S3wa
Timing , Describe Sky conditions (clouds, humidity, etc...)
End Twilight (HH:MIN) C,\'C&,V‘ Sk \Cbblo

Begin Twilight - following day (HH:MIN) L(/S hk w ')\l\d

Moonset (HH:MIN)

Next moonrise - following day (HH:MIN)

New moon date (DD-MM-YR) Describe surroundings (% snow cover, trees, buildings, etc...)
Outside Temperature (°C) l()b"’é Show) Covex
SQM placed in Outdoor housing (Y/N)? D\ GQ,M b(SMQS road
SQM data logging frequency (sec or min) ‘\)0 F‘h“e&é / ho [DW‘A((' ’\%/
PROCEDURE:

1. No artificial light directly on lens (lens reads a 20° wide cone)

2. No aircraft passing close to the zenith

3. Avoid using the SQM near lights like streetlights and in areas that are shaded by trees or buildings. A
rule of thumb for the SQM is to be as far from the object as it is high. For streetlights, stand at least 7.5
meters (or 25 feet) away. Keep away from objects that can reflect light

4. Point the SQM directly overhead (at the zenith). The meter should be held above head level so that
shadows or reflections from your body do not interfere with the reading. Keep it steady.

5. The meter is somewhat temperature dependent. Leave the meter outside for at least 5 minutes to
reach ambient temperature before taking any measurements.

6. Clean lens (from SQM and outdoor housing if used) with a soft cloth. Ensure no condensation on lense.

MEASUREMENT:
Connect the battery pack when ready to measure (This turns on the SQM) \/
For short term measurement, take readings for about 5 minutes per site \/
Start time (HH:MIN) :)_A S
End time (HH:MIN) 9(\ «SE
Disconnect battery pack when finished (This turns off the SQM) \/

NOTES:




INSTRUCTIONS

* Before measurement, program the Sky Quality Meter (SQM).
1- Program the SQM using the Unihedron Device Manager software
2- Connect the SQM and click Find to ensure the SQM has been detected
3- Go to the “Data Logging” tab
4- Click on “Settings” button under Device Clock. Ensure SQM and computer times are synchronized.
5- If data stored in the SQM have already been saved, you can “Erase all”, this will free up memory.
6- For short term measurements, set “Every x seconds (always on)” at 10 s.
7- For long term measurements, set “Every x minutes (power save mode)” at 5 m.

Note: There is no display on the SQM, consequently, you must ensure the device is correctly programmed, before any measurement

*k Before measurement, plan for acceptable time and weather conditions.

Measurements should be taken on clear nights

Moon is < % full

Moon is NOT up

1.5 hours after end of civil twilight (http://www.sunrisesunset.com/Canada/Quebec/Schefferville.asp)
1.5 hours before beginning of civil twilight

No aurora borealis

O Nk wN R

Example : For measurement on November 25th, 2014.

End Twilight is 15:54 + 1.5 hour = 17:23

Begin Twilight (following day) is 6:35 — 1.5 hour = 5:05
Moonset is 18:40

Next moonrise (following day) is 10:35

Measurements can be taken:
From: November 25" at 18:40

To:  November 26" at 5:05
New moon date: Nov. 22™

November 2014
Schefferville, Québec, Canada
Lattude. Lonpitude: 54 480'N, 66 48.6'W  Time zone -5:00 (Eastem) DST observance North America
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1
Twi: 651
Sunrise: 729
Surset 1652
Twi: 17:31
Moonrise: 14:35
Moonset 023
Day length. 9h 23m
2 DST Enas| 3 4 5 6 Ol7 8
Tex 553 Tea 555 Ted 557 Twi 558 Twi 601 T 6:02 Twi: 604
Sunrise: 6:31 Sunnse: §.33 Sunrse: 6 35 Sunrise. 6.37 Sunnse: 6 40 Sunrise: 6:42 Surrise: 6 44
Sunset 15.50 Sunset 1548 Sunset 15.46 Sunset 15.44 Sunset 1542 ‘Sunset 15:40 Sunset: 15:38
Twi 16:29 Twi 1827 Twi: 1625 Twi 16:23 Twi: 16:21 Twi: 16:19 Twi: 16:18
Moonise 1401 Boonnse: 14.26 Moofrise: 14 52 Mocnrise: 1519 Moonrise: 15 50 Moonnse: 16.26 Moonrise 17.08
Moonset 0°43 Moonset 2.03 Moonset 3.23 Moonset: 443 {Moonset: 6:01 7 Moonset 824
Day lengt: 8h 19m Day length: 8h 15m Day length: 9h 11m Day length: 8h Tm Full Moon. 17.24 Day length: 8h 56m Day length: 8h 55m
Day length: h 3m
9 10 11 12 13 14 15
Twi 606 Toi 608 Twi 610 Twi 6:12 Twi 6:13 Twi 6:15 Twi: 6:17
Sunrise. 6:46 Sunrise: 648 Sunrise: 6.50 Sunrise: 6.52 Sunrise: 654 Sunrise: 655 Sunrise: 6 57
Sunset 1537 Sunset 15:35 Sunset 15:33 Sunset 15:31 Sunsel: 1529 Sunset 1528 Sunset 15:26
Twi: 16:18 Twi: 16:14 Twi 16:13 Twi. 16:11 Twi: 16:10 Twi. 16:08 Twi: 16.07
Moonrse: 1757 Moonrise: 1851 Moonrise: 1951 Moonrise: 20'53 Moonrise: 2157 Moonrise: 23 01 Moonrise: none
Moonset 925 Moonset 1016 Moansel 10:58 Moonset 11:32 Moonset. 12.01 Moanset 1225 Moonset: 1247
Day length: 8h 51m Day length: 8h 47m Day length- 8h 43m Day length: 8h 40m Day length: 8h 36m LastQtr 10017 Day tength: 8h Z8m
Day length: 8h 32m
16 17 18 19 20 21 22
Twr 619 Twi 620 Twr 622 Twi: 624 Twi. 626 Twi 6:27 Twi: 629
Sunnse. §.59 Sunrise. 7.01 Sunnse: 7.03 Sunrise. 7.05 Sunrise: 7.07 Sunnse: 7.09 Surrise: 7.11
Sunset 1524 Sunset 1523 Sunset 1521 Sunset 1520 Sunset 15:18 Sunset 1517 Sunset: 15:16
Tex 16 05 Twi: 16:04 Twi' 16.02 Twi: 1601 Twi: 16.00 Twr 1559 Twi: 15:57
Moonrse: 0.06 { Moonrise: 1:12 Moonrise: 219 Moonrise 328 438 Moonnse: 549 Moonrise: 658
Moonset 1308 Moonset 1328 Moonset 13 4¢ Moonset: 14:12 Moanset: 14:38 Moonset 1509 Moonset 15 48
Day iength: 8h 25m Day length: 8h 22m Day length. 8h 18m Day tength: 8h 15m Day length: 8h 11m Day length. 8h 8m New Moon: 7.33
Day iengih: 8h 5m
23 24 25 26 27 28 29
Twr 6:31 Twi 6:32 Twi: 634 Twi: 6:35 Twi 637 Twt 6:39 Twi: 640
Sunrise 7:13 Sunnse: 7-14 Sunrise 7:16 Sunrise’ 7:18 Sunnse 7.20 Sunrise 7:21 Sunrise 7.23
Sunset 1514 Sunset 15:13 Sunset 15:12 Sunset 1511 Sunset 15:10 Sunset 1509 Sunset 1508
Twi. 1558 Twi 15.65 Twi: 1554 Twi. 1553 Twi: 15.52 Twi 15:51 Twi: 15:51
;804 Moonrise: 3:03 1953 ise: 10:35 Moaonrise: 11:10 ise 11.40 Mponrise: 12:07
Moonset 16:35 Moonset 17.33 Moonset: 1840 Moonset. 19:54 Moonset 21:12 Moonset: 22:31 Moonset 2350
Day length: 8h 2m Day ngth 7h 58m Day length: 7h 56m Day length: 7h 53m Day length: 7h 50m Day fength: 7n 47Tm First Qtr: 507
Day fength: 7h 44m




UNIHEDRON SQM-LU-DL MEASUREMENT DATASHEET
Ambient light - TSMC

* Before measurement, program the Sky Quality Meter (SQM). See back of page.
** Before measurement, plan for acceptable time and weather conditions. See back of page.

i Swﬁp/w\a a;pp
Site name Piverre tace Lat. vss°53'44) | N o3, 7301
Date Q6 Inov] 14 Long. Wob?°03 190"\ W ob7 07 319
Observer name ‘M,W AN /Df Lé—(UM&L Elevation é 5} m 53‘5 W

Timing

Describe Sky conditions (clouds, humidity, etc...)

End Twilight (HH:MIN)

Begin Twilight - following day (HH:MIN)

Moonset (HH:MIN)

Next moonrise - following day (HH:MIN)

|00% clear cle LiahEwid
Seadl abrova V%f&das 2 oome ~ ot dlirechn,
3u\ A “candles Mm m‘r alpst

IL\CQ

@f; gﬁwt;mﬁ S’f‘ "ﬁ

New moon date (DD-MM-YR)

Describe surroundings (% snow cover, trees, bmldlngs, etc...)

Outside Temperature (°C)

SQM placed in Outdoor housing (Y/N)?

SQM data logging frequency (sec or min)

On tcdce Shove
Swed| Tvees
[06% Show) Coven .

PROCEDURE:

1. No artificial light directly on lens (lens reads a 20° wide cone)

2. No aircraft passing close to the zenith

3. Avoid using the SOM near lights like streetlights and in areas that are shaded by trees or buildings. A
rule of thumb for the SQM is to be as far from the object as it is high. For streetlights, stand at least 7.5
meters (or 25 feet) away. Keep away from objects that can reflect light

4. Point the SQM directly overhead (at the zenith). The meter should be held above head level so that
shadows or reflections from your body do not interfere with the reading. Keep it steady.

5. The meter is somewhat temperature dependent. Leave the meter outside for at least 5 minutes to
reach ambient temperature before taking any measurements.

6. Clean lens (from SQM and outdoor housing if used) with a soft cloth. Ensure no condensation on lense.

MEASUREMENT:

Connect the battery pack when ready to measure (This turns on the SQM)

V/

For short term measurement, take readings for about 5 minutes per site

v

Start time (HH:MIN)

2314

End time (HH:MIN)

2%430

Disconnect battery pack when finished (This turns off the SQM)

v/

NOTES:



INSTRUCTIONS

* Before measurement, program the Sky Quality Meter (SQM).
1- Program the SQM using the Unihedron Device Manager software
2- Connect the SQM and click Find to ensure the SQM has been detected
3- Go to the “Data Logging” tab
4- Click on “Settings” button under Device Clock. Ensure SQM and computer times are synchronized.
5- If data stored in the SQM have already been saved, you can “Erase all”, this will free up memory.
6- For short term measurements, set “Every x seconds (always on)” at 10 s.
7- For long term measurements, set “Every x minutes (power save mode)” at 5 m.

Note: There is no display on the SQM, consequently, you must ensure the device is correctly programmed, before any measurement

*k Before measurement, plan for acceptable time and weather conditions.
1. Measurements should be taken on clear nights
2. Moonis < % full
3. Moonis NOT up
4. 1.5 hours after end of civil twilight (http://www.sunrisesunset.com/Canada/Quebec/Schefferville.asp)
5. 1.5 hours before beginning of civil twilight
6. No aurora borealis

Example : For measurement on November 25th, 2014.

End Twilight is 15:54 + 1.5 hour = 17:23
Begin Twilight (following day) is 6:35 — 1.5 hour = 5:05
Moonset is 18:40

Measurements can be taken:
From: November 25" at 18:40
To: November 26™ at 5:05

Next moonrise (following day) is 10:35

New moon date: Nov. 22™

Labtude, Longitude: 64 48.0' N, 66 48.6'W

November 2014
Schefferville, Québec, Canada

Time zone -5:00 (Eastem)  DST observance: North America

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1
Twi: 651
Sunrise: 7.29
Sunset. 16.52
Twi: 17:31
Moonrise: 14:35
Moonset 0.23
Day length: 9h 23m
2 ST Enas} 3 4 5 6 Oof7 8
Twi 553 Twi 555 Twi: 557 Ten: 539 Twi: 6:01 Tea 6.02 Twi: 6:04
Sunrise 6:31 Sunrise: 6 33 Sunrise: 6:35 Sunrise: 6 37 Sunrse. 640 Sunrise 642 Sunrise: 644
Sunset 15.50 Sunset 1548 Sunset 15.46 Sunset 15.44 Sunset 1542 Sunset 1540 Sunset: 15:38
Twi 1629 Twi 1627 Twi: 16:25 Twi. 1623 Twi 1621 Tva: 16:19 Twi: 16:18
ise: 14.01 Moonrise 1426 Moonrise: 14 52 Wocnnse: 1519 roonrise: 1550 1626 Moonrise: 17:08
Moonsel. 043 Moonset: 2.03 Moonset 3.23 Moonset 443 Moonset: 6.01 Moonset: 7.16 Moonset: 824
Day length 8h 19m Day length: ¢h 15m Day length™ 9h 11m Day langth Sh Tm Fuil Moon. 17.24 Day length: 8h 59m Day length: 8h 55m
Day lengin. 9 3m
9 10 11 12 13 14 15
Twi. 6:06 Twi 608 Twt 610 Twa. 6:12 Twl 613 Twi 615 Twi: 617
Sunrise. §.46 Sunrise: 648 Sunnse: 650 Sunnse: 6 52 Sunnse 654 Sunrise: 655 Sunrise: 6 57
‘Sunset 15.37 Sunset 15:35 Sunset 15:33 Sunset 1531 1520 Sunset 1528 Sunset 15.26
Twi: 1616 Twi: 16:14 Twi: 16:13 Twr 1611 Twi: 16:10 Twi: 1608 Twi: 1607
Moonnse 17 57 Moonrise 1851 Moonrise: 1951 Mocnrise 2053 Moorsise: 21.57 Moonrise 2301 Moonrise’ none
Moonset 925 Moonset 1016 Moonset 10:58 Moonser 1132 Moonset 12.01 Moonset 12'25 Moonset. 1247
Day length: 8h 51m Day length: 8h 47Tm Day length: 8n 43m Day length: 8h 40m Day length: 8h 36m LastQtr 10:17 Day fength: 8h 29m
Day length- 8h 32m
16 17 18 19 20 21 22
Twi: 6:19 Twi: 620 Twi 622 Twa 624 Twi 6.26 Twi 627 Twi: 629
Sunrise. 6.59 Sunrise: 7.01 Sunnse: 7.03 Sunrise. 7.05 Sunnse: 7.07 Sunrise: 7.09 Sunrise. 7:11
Sunset £5.24 Sunset: 15:23 Sunset 15.21 Sunset 1520 Sunset 1518 Sunset 15 17 Sunset: 1516
Twi 16.05 Twi: 16:04 Ted: 16.02 Twi 1601 Ted: 1600 Twr 1559 Twi: 15:57
Moonrse: 0.06 Moonnse: 1:12 Moonrise: 2:19 Moonrise: 3. Moornrise: 438 Moonnse: 540 Moonrise: 658
Moonset 1308 | Moonset 13.28 Moonset. 13:49 Mocnset. 14.12 Moonset 14:38 Moonset 15:09 Moonset 1548
Day lengtn: 8h 25m Day length: 8h 22m Day length- 8h 18m Day length: 8h 15m Day length: 8h 11m Day length: 81 8m New Moon: 7:33
Day length: 8h 5m
23 24 25 26 27 28 29
Twi 631 Twi: 632 Twi: 6:34 Twi- 635 Twi: 637 Twi: 6:38 Twi: 6:40
Sunrise: 7:13 Sunrise: 7:14 Sunnse: 7.16 Sunrise: 7:18 Sunnse: 7.20 Sunrise. 7.21 Sunrise: 7.23
Sunset 15:14 Sunset 15:13 Sunset 15:12 Sunset 1511 Sunset 15:10 Sunset: 1509 Sunset: 15.08
Twi 1556 Twi: 1555 Twi: 1554 Twi 1553 Twi: 1552 Twi 1551 Twi: 15:51
804 ise: 9:03 ;953 Moonrise: 10:35 Moonrise: 11:10 Moonnse: 11:40 Moonrise: 12:07
Moonset 1635 Moonset: 17 33 Moonset 1840 Wocnset 1954 Moonset 21:12 Moonset: 22.31 Moonset: 2350
Day length: 8h2m Day length: 7h 58m Day length: 7h 56m Day length 7h 53m Day length: 7h 50m Day length: 7h 47m First Qtr: 5077
Day length: 7h 44m




UNIHEDRON SQM-LU-DL MEASUREMENT DATASHEET

Ambient light - TSMC
* Before measurement, program the Sky Quality Meter (SQM). See back of page.
* Before measurement, plan for acceptable time and weather conditions. See back of page.
\ GPS (Srmina S«m‘l‘rIDWOﬁV .
Site name | Q@ [\)\{ MDUUTWKJ Lat. N 5‘{° S‘f) [%,T ) —
Date 23 [uov 4 Long Woer 07 2" | —
Observer name M,L@w{s /D, \.AM— Elevation é }D " —

Timing

Describe Sky conditions (clouds, humidity, etc...)

End Twilight (HH:MIN)

IS:S3

Begin Twilight - following day (HH:MIN) 6 ’ 3 ?

Moonset (HH:MIN)

4,54

Next moonrise - following day (HH:MIN) f [ ; ]O

Sty = q0% clear . (0% gt clouds

S@&/SVW aw
Con se, Man P(m’r lights -n Thesty-

rofe %MOS

New moon date (DD-MM-YR) @Q -l - [4

Describe surroundings (% snow cover, trees, buildings, etc...)

Outside Temperature (°C)

-13°C

O e Posd urplowed . |0%suow Cover

SQM placed in Outdoor housing (Y/N)? N : ‘ S % < J‘L(/‘QWWQ

- 05T rny TR A
SQM data logging frequency (sec or min) [ (0] Sec In off Wa- 45 ﬁv\(‘l}\lt u
PROCEDURE:

1. No artificial light directly on lens (lens reads a 20° wide cone)

2. No aircraft passing close to the zenith
3. Avoid using the SOM near lights like streetlights and in areas that are shaded by trees or buildings. A
rule of thumb for the SQM is to be as far from the object as it is high. For streetlights, stand at least 7.5
meters (or 25 feet) away. Keep away from objects that can reflect light
4. Point the SQM directly overhead (at the zenith). The meter should be held above head level so that
shadows or reflections from your body do not interfere with the reading. Keep it steady.
5. The meter is somewhat temperature dependent. Leave the meter outside for at least 5 minutes to

reach ambient temperature before taking any measurements.

6. Clean lens (from SQM and outdoor housing if used) with a soft cloth. Ensure no condensation on lense.

MEASUREMENT:

Connect the battery pack when ready to measure (This turns on the SQM)

—

For short term measurement, take readings for about 5 minutes per site

v’

Start time (HH:MIN)

00:3%

End time (HH:MIN)

00:473

Disconnect battery pack when finished (This turns off the SQM)

v’

NOTES:



INSTRUCTIONS

* Before measurement, program the Sky Quality Meter (SQM).
1- Program the SQM using the Unihedron Device Manager software
2- Connect the SOM and click Find to ensure the SQM has been detected
3- Go to the “Data Logging” tab
4- Click on “Settings” button under Device Clock. Ensure SQM and computer times are synchronized.
5- If data stored in the SQM have already been saved, you can “Erase all”, this will free up memory.
6- For short term measurements, set “Every x seconds (always on)” at 10 s.
7- For long term measurements, set “Every x minutes (power save mode)” at 5 m.

Note: There is no display on the SQM, consequently, you must ensure the device is correctly programmed, before any measurement

*k Before measurement, plan for acceptable time and weather conditions.

Measurements should be taken on clear nights

Moon is < % full

Moon is NOT up

1.5 hours after end of civil twilight (http://www.sunrisesunset.com/Canada/Quebec/Schefferville.asp)
1.5 hours before beginning of civil twilight

No aurora borealis

Ok wNE

Example : For measurement on November 25th, 2014.

End Twilight is 15:54 + 1.5 hour = 17:23
Begin Twilight (following day) is 6:35 — 1.5 hour = 5:05
Moonset is 18:40

Measurements can be taken:
From: November 25" at 18:40
To: November 26™ at 5:05

Next moonrise (following day) is 10:35

New moon date: Nov. 22™

Lattude, Longiude 54 430 N, 66 486'W

November 2014
Schefferville, Québec, Canada

Time zone -500 (Eastem) DST observance: North America

Sunday Monday Tuesday ‘Wednesday Thursday Friday Saturday
1
Twi: 851
Sunrise: 7.29
Sunset: 16.52
Twi: 1731
Moonrise: 14:35
Moonset 023
Day length: 9h 23m
2 pST Ends|3 4 5 6 ol7 8
Twi: 553 Twi 555 Twi- 557 Twa 558 Twe 6§01 Twi' §.02 Twi: 6:04
Sunrise: 6:31 Sunrise: 833 Sunrse 635 Sunrise 637 Sunnse' 640 Sunrise: 6:42 Sunrise: 6 44
Sunset 15.50 Sunset: 15.48 Sunset 15.45 Sunget 15.44 Sunset: 1542 Sunset 1540 Sunset 15:38
Twi: 16:29 Twi 1627 Tei 1625 Tw. 1623 Twi: 1621 Tw 16119 Twi: 16:18
ise 14.01 Moonrise: 14.26 1452 Mocnrise” 1519 15:50 Moonrise: 16 26 Moonrise. 17.08
Moonset: 043 Moanset 2.03 M 33 Moonset 443 Moonset: 6:01 Moonset 7.18 Moonset: 8:24
Day length: Oh 19m Day fengtn: 9h 15m Day length 9h 11m Day length Bh 7m Full Moon: 17 24 Day length” 8h 59m Day iength 8h 55m
Day iength On 3m
9 10 11 12 13 14 15
Twi. 6:06 Twi: 608 Twi 610 Twr 6:12 Twi: 613 Tw 6:15 Twi: 617
Sunrise: 6:46 Sunrise: 6.48 Sunrse. 6 50 Sunrise: 6 52 Sunrise: 6 54 Sunrise: 6:55 Sunrise: 6 57
Sunset: 15:37 Sunsat 15:35 Sunset 15.33 Sunset 1531 Sunsel. 1529 Sunset 1528 Sunset 15:26
Twi: 16:16 Twi: 1614 Twi: 18.13 Twr 1611 Twi: 1610 Twi 1608 Twi: 16:07
Moonrise: 1757 Moonrise: 1851 Moonrise: 19 51 Moenrise 2053 Moonrise: 21 57 Moonrise 2301 Moonrise: none
Moonset 9:25 Moonset 10.16 Moonset 10:58 Moonset 11:32 Moonset. 12:01 Moonset 1225 Moonset 1247
Day length: 8h 5tm Day lengthi: 8h 4Tm Day length- 8n 43m Day length. 8h 40m Day length: 8h 36m LastQir 1017 Day iength: 8h 29m
Day length: 8h 32m
16 17 18 19 20 21 22
Ten 619 Twi: 620 Twi. 622 Twi- 6:24 Twi: 626 Twi: 6:27 Twi: 629
Sunrise. 6:59 Sunrise; 7.01 Sunrse: 7.03 Sunrise: 7.05 Sunrise: 7.07 Sunrise: 7.09 Survise: 7:11
Sunset: 1524 Sunset: 15:23 Sunset 1521 Sunset 1520 Sunset 15:18 Sunset: 1517 Sunset 1516
Twi: 16 05 Twi: 16.04 Twi: 8.02 Twr 1601 Twi: 16.00 Twi 15:59 Twi: 15:57
Moonrise: 006 Moonrise: 1:12 Moonsise: 219 Moonrise: 3:28 Moonrise: 4 38 Moonrise: 5.49 Moonrise: 658
Moonset 1308 Moonset 13.28 Moonset 1349 Moonset 1412 Moonset: 14:38 Moonset 1508 Moonset 1548
Day length: 8h 25m Day length: 8h 22m Day length. 8n 18m Day lengti: 8h 15m Day lengih: 8h 11m Day tength: 8h 8m New Moan: 7.33
Day iength: 8h 5m
23 24 25 26 27 28 29
Twa 6:31 Twi: 632 Tw 6.34 Twr §35 Twi 637 Twi 639 Twi: 640
Sunrise: 7:13 Sunrise: 7:14 Sunrise: 7:16 Sunrise: 7:18 Sunnse: 7.20 Sunrise: 721 Sunrise: 7.23
Sunset. 1514 Sunset 1513 Sunser 15:12 Sunset 1511 Sunset 15:10 Sunset: 1509 Sunset 15:08
Twi: 1556 Twi: 1555 Twi: 15 54 Twi 1553 Twi: 1552 Twi 15:51 Twi: 15:51
Moonrise: 8 04 ise: 9.03 Moonrise: 053 1035 : 11:10 11:40 1207
Moonset. 16:35 Moonset 17°33 Moorset 1840 Mocnser: 1954 Hoonset: 21.12 Moonset 2231 Moonset 2350
Day length: 8h 2m Day iength: 7h 58m Day length: 7h 56m Day length: 7h 53m Day length: 7Th 50m Day length. 7h 47m First Qtr. 507
Day fength: 7h 44m




# Light Pollution Monitoring Data Format 1.0

# URL: http://www.darksky.org/measurements

# Number of header lines: 35+

# This data is released under the following license: ODbL 1.0 http://opendatacommons.org/licenses/odbl/summary/
# Device type: SOM-LU-DL

# Instrument ID: TSMC_SQM

# Data supplier: TSMC

# Location name: Schefferville - Howse Project

# Pasition (lat, lon, elev(m)): 54.799999, -66.833336, 549

# Local timezone: America/Montreal

# Time Synchronization:

# Moving / Stationary position: STATIONARY

# Moving / Fixed look direction: FIXED

# Number of channels: 1

# Filters per channel: HOYA CM-500

# Measurement direction per channel: up - zenith

# Field of view (degrees): 20

# Number of fields per line: 5

# SQM serial number: 2913

# SQM firmware version: 4-6-32

# SQM cover offset value:

# SQM readout test ix: i,00000004,00000006,00000032,00002913

# SQM readout test rx: r, 11.81m,0000001697Hz,0000000000¢,0000000.000s,-012.3C

# SQM readout test cx: ¢,00000019.88m,0000124.363s, 020.3C,00000008.71m, 020.9C

# Comment: SQM purchased by AECOM on behlaf of TSMC
# Comment: For HOWSE Env Impact Statement

# Comment: November 2014

# Comment:

# Comment:

# UDM version: 1.0.0.40

# UDM setting: DL Retrieve All

# blank line 32

# UTC Date & Time, Local Date & Time, Temperature, Voltage, MSAS
# YYYY-MM-DDTHH:mm:ss.fff YYYY-MM-DDTHH:mm:ss.fff
# END OF HEADER

Celsius Volts mag/arcsec”2

Not valid

Kawawa - Center 54° 51.6417'N 066° 45.6725' W 487 m Prise avec Smartphone app
54°51'38.6" N 066° 45' 40.3" W 495 m Prise avec GPS Garmin
54°51'38.5020" -066°45'40.3500" Conversion for use in Google Map

2014-11-27 at 01:40:30 2014-11-26 at 20:40:30 151 4.88 19.52

2014-11-27 at 01:40:40 2014-11-26 at 20:40:40 148 4.88 19.98

2014-11-27 at 01:40:50 2014-11-26 at 20:40:50 145 4.88 19.89

2014-11-27 at 01:41:00 2014-11-26 at 20:41:00 13.8 4.88 19.92

2014-11-27 at 01:41:10 2014-11-26 at 20:41:10 135 4.88 20.01

2014-11-27 at 01:41:20 2014-11-26 at 20:41:20 13.2 4.88 19.96

2014-11-27 at 01:41:30 2014-11-26 at 20:41:30 12.5 4.88 19.98

2014-11-27 at 01:41:40 2014-11-26 at 20:41:40 12.2 4.88 19.98

2014-11-27 at 01:41:50 2014-11-26 at 20:41:50 116 4.88 19.97

2014-11-27 at 01:42:00 2014-11-26 at 20:42:00 109 4.88 19.96

2014-11-27 at 01:42:10 2014-11-26 at 20:42:10 10.6 4.88 19.96

2014-11-27 at 01:42:20 2014-11-26 at 20:42:20 103 4.88 19.85

2014-11-27 at 01:42:30 2014-11-26 at 20:42:30 93 488 19.9

2014-11-27 at 01:42:40 2014-11-26 at 20:42:40 9 4388 19.93

2014-11-27 at 01:42:50 2014-11-26 at 20:42:50 8.7 488 19.97

2014-11-27 at 01:43:00 2014-11-26 at 20:43:00 8 488 19.96

2014-11-27 at 01:43:10 2014-11-26 at 20:43:10 7.4 488 19.94

2014-11-27 at 01:43:20 2014-11-26 at 20:43:20 7 488 19.96

2014-11-27 at 01:43:30 2014-11-26 at 20:43:30 6.4 5.76 19.9

2014-11-27 at 01:43:40 2014-11-26 at 20:43:40 6.1 4.88 19.96

2014-11-27 at 01:43:50 2014-11-26 at 20:43:50 58 4.88 19.97

2014-11-27 at 01:44:00 2014-11-26 at 20:44:00 51 4.88 19.97

2014-11-27 at 01:44:10 2014-11-26 at 20:44:10 4.8 4.88 19.98

2014-11-27 at 01:44:20 2014-11-26 at 20:44:20 45 4.88 19.97

2014-11-27 at 01:44:30 2014-11-26 at 20:44:30 3.8 4.88 19.95

2014-11-27 at 01:44:40 2014-11-26 at 20:44:40 3.5 4.88 19.98



2014-11-27 at 01:44:50
2014-11-27 at 01:45:00
2014-11-27 at 01:45:10
2014-11-27 at 01:45:20
2014-11-27 at 01:45:30
2014-11-27 at 01:45:40
2014-11-27 at 01:45:50
2014-11-27 at 01:46:00
2014-11-27 at 01:46:10
2014-11-27 at 01:46:20
2014-11-27 at 01:46:30
2014-11-27 at 01:46:40

Kawawa - Out of town

2014-11-27 at 02:05:19
2014-11-27 at 02:05:29
2014-11-27 at 02:05:39
2014-11-27 at 02:05:49
2014-11-27 at 02:05:59
2014-11-27 at 02:06:09
2014-11-27 at 02:06:19
2014-11-27 at 02:06:29
2014-11-27 at 02:06:39
2014-11-27 at 02:06:49
2014-11-27 at 02:06:59
2014-11-27 at 02:07:09
2014-11-27 at 02:07:19
2014-11-27 at 02:07:29
2014-11-27 at 02:07:39
2014-11-27 at 02:07:49
2014-11-27 at 02:07:59
2014-11-27 at 02:08:09
2014-11-27 at 02:08:19
2014-11-27 at 02:08:29
2014-11-27 at 02:08:39
2014-11-27 at 02:08:49
2014-11-27 at 02:08:59
2014-11-27 at 02:09:09
2014-11-27 at 02:09:19
2014-11-27 at 02:09:29
2014-11-27 at 02:09:39
2014-11-27 at 02:09:49
2014-11-27 at 02:09:59
2014-11-27 at 02:10:19
2014-11-27 at 02:10:29
2014-11-27 at 02:10:39
2014-11-27 at 02:10:49
2014-11-27 at 02:10:59
2014-11-27 at 02:11:01
2014-11-27 at 02:11:19
2014-11-27 at 02:11:29

Schefferville - Town Center

2014-11-27 at 02:30:24
2014-11-27 at 02:30:34
2014-11-27 at 02:30:44
2014-11-27 at 02:30:54
2014-11-27 at 02:31:04
2014-11-27 at 02:31:14
2014-11-27 at 02:31:24
2014-11-27 at 02:31:34
2014-11-27 at 02:31:44
2014-11-27 at 02:31:54
2014-11-27 at 02:32:04
2014-11-27 at 02:32:14
2014-11-27 at 02:32:24

2014-11-26 at 20:44:50
2014-11-26 at 20:45:00
2014-11-26 at 20:45:10
2014-11-26 at 20:45:20
2014-11-26 at 20:45:30
2014-11-26 at 20:45:40
2014-11-26 at 20:45:50
2014-11-26 at 20:46:00
2014-11-26 at 20:46:10
2014-11-26 at 20:46:20
2014-11-26 at 20:46:30
2014-11-26 at 20:46:40

54°49.1194'N
54°49'07.1"N
54.8186567°

2014-11-26 at 21:05:19
2014-11-26 at 21:05:29
2014-11-26 at 21:05:39
2014-11-26 at 21:05:49
2014-11-26 at 21:05:59
2014-11-26 at 21:06:09
2014-11-26 at 21:06:19
2014-11-26 at 21:06:29
2014-11-26 at 21:06:39
2014-11-26 at 21:06:49
2014-11-26 at 21:06:59
2014-11-26 at 21:07:09
2014-11-26 at 21:07:19
2014-11-26 at 21:07:29
2014-11-26 at 21:07:39
2014-11-26 at 21:07:49
2014-11-26 at 21:07:59
2014-11-26 at 21:08:09
2014-11-26 at 21:08:19
2014-11-26 at 21:08:29
2014-11-26 at 21:08:39
2014-11-26 at 21:08:49
2014-11-26 at 21:08:59
2014-11-26 at 21:09:09
2014-11-26 at 21:09:19
2014-11-26 at 21:09:29
2014-11-26 at 21:09:39
2014-11-26 at 21:09:49
2014-11-26 at 21:09:59
2014-11-26 at 21:10:19
2014-11-26 at 21:10:29
2014-11-26 at 21:10:39
2014-11-26 at 21:10:49
2014-11-26 at 21:10:59
2014-11-26 at 21:11:01
2014-11-26 at 21:11:19
2014-11-26 at 21:11:29

54° 48.2098' N
54°48'12.4" N
54.8034967°

2014-11-26 at 21:30:24
2014-11-26 at 21:30:34
2014-11-26 at 21:30:44
2014-11-26 at 21:30:54
2014-11-26 at 21:31:04
2014-11-26 at 21:31:14
2014-11-26 at 21:31:24
2014-11-26 at 21:31:34
2014-11-26 at 21:31:44
2014-11-26 at 21:31:54
2014-11-26 at 21:32:04
2014-11-26 at 21:32:14
2014-11-26 at 21:32:24

2.9
25
22
1.6
1.2
0.9
0.6
0.3
0.1
-0.4
0.7

066° 45.0898' W
066° 45' 05.5" W

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

-066.7514967°

-1.3
-1.3
-1.7
-2
-23
-2.6
-2.6
-3
-3.3
-3.6
-3.6
-39
-4.2
-4.2
-4.6
-4.9
-4.9
-5.2
-5.5
-5.5
-5.9
-6.2
-6.2
. 6.5
-6.8
-6.8
-7.1
-7.1
-7.5
-7.8
-7.8
-8.1
-8.1
-8.1
-8.4
-8.4
-8.8

066° 48.7035' W
066° 48' 41.8" W

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

-066.8117250°

0.9
0.6
03
0.1
-0.4
-0.7
-1
-1.3

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

19.98
19.96
19.95
19.97
19.98
19.97
19.96
19.97

20
19.95
19.96
19.98

600 m Prise avec Smartphone app
594 m Prise avec GPS Garmin
Conversion for use in Google Map

21.14
21.03
21.17
21.17
21.17
21.18
21.19
21.26
21.24
21.19
21.18
21.19
21.24
21.24
21.11
21.24

21.2

21.1
21.04
21.19
21.17

21.2
21.18
21.21
21.18
21.16
21.18
21.12
21.18
20.64
21.02
21.15

21.2
21.18
21.18
21.19

21.2

526 m Prise avec Smartphone app
514 m Prise avec GPS Garmin
Conversion for use in Google Map

19.06
19.25
19.17
19.23

19.1
19.03
19.08
19.04
19.08
19.16
18.81
18.91
19.03



2014-11-27 at 02:32:34
2014-11-27 at 02:32:44
2014-11-27 at 02:32:54
2014-11-27 at 02:33:04
2014-11-27 at 02:33:14
2014-11-27 at 02:33:24
2014-11-27 at 02:33:34
2014-11-27 at 02:33:44
2014-11-27 at 02:33:54
2014-11-27 at 02:34:04
2014-11-27 at 02:34:14
2014-11-27 at 02:34:24
2014-11-27 at 02:34:34
2014-11-27 at 02:34:44
2014-11-27 at 02:34:54
2014-11-27 at 03:55:04
2014-11-27 at 02:35:14
2014-11-27 at 02:35:24
2014-11-27 at 02:35:34
2014-11-27 at 02:35:44
2014-11-27 at 02:35:54

Schefferville - out of town

2014-11-27 at 02:49:03
2014-11-27 at 02:49:13
2014-11-27 at 02:49:23
2014-11-27 at 02:49:33
2014-11-27 at 02:49:43
2014-11-27 at 02:49:53
2014-11-27 at 02:50:03
2014-11-27 at 02:50:13
2014-11-27 at 02:50:23
2014-11-27 at 02:50:33
2014-11-27 at 02:50:43
2014-11-27 at 02:50:53
2014-11-27 at 02:51:03
2014-11-27 at 02:51:13
2014-11-27 at 02:51:23
2014-11-27 at 02:51:33
2014-11-27 at 02:51:43
2014-11-27 at 02:51:53
2014-11-27 at 02:52:03
2014-11-27 at 02:52:13
2014-11-27 at 02:52:23
2014-11-27 at 02:52:33
2014-11-27 at 02:52:43
2014-11-27 at 02:52:53
2014-11-27 at 02:53:03
2014-11-27 at 02:53:13
2014-11-27 at 02:53:23
2014-11-27 at 02:53:33
2014-11-27 at 02:53:43

Pinette Lake

2014-11-27 at 04:14:34
2014-11-27 at 04:14:44
2014-11-27 at 04:14:54
2014-11-27 at 04:15:04
2014-11-27 at 04:15:14
2014-11-27 at 04:15:24
2014-11-27 at 04:15:34
2014-11-27 at 04:15:44
2014-11-27 at 04:15:54
2014-11-27 at 04:16:04
2014-11-27 at 04:16:14
2014-11-27 at 04:16:24
2014-11-27 at 04:16:34
2014-11-27 at 04:16:44

2014-11-26 at 21:32:34
2014-11-26 at 21:32:44
2014-11-26 at 21:32:54
2014-11-26 at 21:33:04
2014-11-26 at 21:33:14
2014-11-26 at 21:33:24
2014-11-26 at 21:33:34
2014-11-26 at 21:33:44
2014-11-26 at 21:33:54
2014-11-26 at 21:34:04
2014-11-26 at 21:34:14
2014-11-26 at 21:34:24
2014-11-26 at 21:34:34
2014-11-26 at 21:34:44
2014-11-26 at 21:34:54
2014-11-26 at 22:55:04
2014-11-26 at 21:35:14
2014-11-26 at 21:35:24
2014-11-26 at 21:35:34
2014-11-26 at 21:35:44
2014-11-26 at 21:35:54

54°48.3448'N
54°48'20.5" N
54.8057467°

2014-11-26 at 21:49:03
2014-11-26 at 21:49:13
2014-11-26 at 21:49:23
2014-11-26 at 21:49:33
2014-11-26 at 21:49:43
2014-11-26 at 21:49:53
2014-11-26 at 21:50:03
2014-11-26 at 21:50:13
2014-11-26 at 21:50:23
2014-11-26 at 21:50:33
2014-11-26 at 21:50:43
2014-11-26 at 21:50:53
2014-11-26 at 21:51:03
2014-11-26 at 21:51:13
2014-11-26 at 21:51:23
2014-11-26 at 21:51:33
2014-11-26 at 21:51:43
2014-11-26 at 21:51:53
2014-11-26 at 21:52:03
2014-11-26 at 21:52:13
2014-11-26 at 21:52:23
2014-11-26 at 21:52:33
2014-11-26 at 21:52:43
2014-11-26 at 21:52:53
2014-11-26 at 21:53:03
2014-11-26 at 21:53:13
2014-11-26 at 21:53:23
2014-11-26 at 21:53:33
2014-11-26 at 21:53:43

54°53.7311'N
54°53'44.1"N
54.8955183°

2014-11-26 at 23:14:34
2014-11-26 at 23:14:44
2014-11-26 at 23:14:54
2014-11-26 at 23:15:04
2014-11-26 at 23:15:14
2014-11-26 at 23:15:24
2014-11-26 at 23:15:34
2014-11-26 at 23:15:44
2014-11-26 at 23:15:54
2014-11-26 at 23:16:04
2014-11-26 at 23:16:14
2014-11-26 at 23:16:24
2014-11-26 at 23:16:34
2014-11-26 at 23:16:44

-3.3
-3.6
-3.9
-4.2
-4.2
-4.6
-4.9
-4.9
-5.2
-5.5
-5.5
-5.5
-5.9
-6.2
-6.2
-6.5
-6.5
-6.8
-6.8
-7.1

066° 50.1434' W
066° 50' 08.8" W

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

-066.8357233°

-5.9
-5.9
-5.9
-6.2
-6.2
-6.5
-6.5
-6.5
-6.8
-6.8
-7.1
-7.1
-7.1
-7.5
-7.5
-7.8
-7.8
-8.1
-8.1
-8.1
-8.4
-8.4
-8.8
-8.8
9.1
9.1
-9.1
-9.1
9.4

067° 07.3198' W
067° 07' 19.0" W

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

-067.1219967°

1.2
0.9
0.6
0.6
03
0.1
-0.4
-0.7
-1
-13
-1.7
-2
-2.3
-2.6

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

19.03
19.08
19.06
19.05
19.13
19
19.14
19.16
19.21
19.2
19.15
19.16
19.21
19.25
19.28
19.24
19.18
19.33
18.97
19.23
19.3

531m Prise avec Smartphone app
532m Prise avec GPS Garmin
Conversion for use in Google Map

21.11
20.45
20.44
20.47
20.41
20.43
20.41
20.46
20.47
20.44
20.44
20.47
20.48
20.49
20.52
20.48
20.52

20.5
20.49
20.48
20.49
20.54
20.63
20.55
20.54
20.54
20.54
20.54
20.04

633 m Prise avec Smartphone app
631 m Prise avec GPS Garmin
Conversion for use in Google Map

20.5

20.4
20.44
20.45
20.43
20.44
20.43
20.44
20.75
20.52
20.52
20.51
20.53
20.53



2014-11-27 at 04:16:54
2014-11-27 at 04:17:04
2014-11-27 at 04:17:14
2014-11-27 at 04:17:24
2014-11-27 at 04:17:34
2014-11-27 at 04:17:44
2014-11-27 at 04:17:54
2014-11-27 at 04:18:04
2014-11-27 at 04:18:14
2014-11-27 at 04:18:24
2014-11-27 at 04:18:34
2014-11-27 at 04:18:44
2014-11-27 at 04:18:54
2014-11-27 at 04:19:04
2014-11-27 at 04:19:14
2014-11-27 at 04:19:24
2014-11-27 at 04:19:34
2014-11-27 at 04:19:44
2014-11-27 at 04:19:54
2014-11-27 at 04:20:04
2014-11-27 at 04:20:14
2014-11-27 at 04:20:24
2014-11-27 at 04:20:34

Irony Mountain - Howse

2014-11-27 at 05:37:03
2014-11-27 at 05:37:13
2014-11-27 at 05:37:23
2014-11-27 at 05:37:33
2014-11-27 at 05:37:43
2014-11-27 at 05:37:53
2014-11-27 at 05:38:03
2054-11-27 at 05:38:13
2014-11-27 at 05:38:23
2014-11-27 at 05:38:33
2014-11-27 at 05:38:43
2014-11-27 at 05:38:53
2014-11-27 at 05:39:03
2014-11-27 at 05:39:13
2014-11-27 at 05:39:23
2014-11-27 at 05:39:33
2014-11-27 at 05:39:43
2014-11-27 at 05:39:53
2014-11-27 at 05:40:03
2014-11-27 at 05:40:13
2014-11-27 at 05:40:23
2014-11-27 at 05:40:33
2014-11-27 at 05:40:43
2014-11-27 at 05:40:53
2014-11-27 at 05:41:03
2014-11-27 at 05:41:13
2014-11-27 at 05:41:23
2014-11-27 at 05:41:33
2014-11-27 at 05:41:43
2014-11-27 at 05:41:53
2014-11-27 at 05:42:03
2014-11-27 at 05:42:13
2014-11-27 at 05:42:23
2014-11-27 at 05:42:33
2014-11-27 at 05:42:43
2014-11-27 at 05:42:53

2014-11-26 at 23:16:54
2014-11-26 at 23:17:04
2014-11-26 at 23:17:14
2014-11-26 at 23:17:24
2014-11-26 at 23:17:34
2014-11-26 at 23:17:44
2014-11-26 at 23:17:54
2014-11-26 at 23:18:04
2014-11-26 at 23:18:14
2014-11-26 at 23:18:24
2014-11-26 at 23:18:34
2014-11-26 at 23:18:44
2014-11-26 at 23:18:54
2014-11-26 at 23:19:04
2014-11-26 at 23:19:14
2014-11-26 at 23:19:24
2014-11-26 at 23:19:34
2014-11-26 at 23:19:44
2014-11-26 at 23:19:54
2014-11-26 at 23:20:04
2014-11-26 at 23:20:14
2014-11-26 at 23:20:24
2014-11-26 at 23:20:34

n/a
54°54'13.9" N
54.9038611°

2014-11-27 at 00:37:03
2014-11-27 at 00:37:13
2014-11-27 at 00:37:23
2014-11-27 at 00:37:33
2014-11-27 at 00:37:43
2014-11-27 at 00:37:53
2014-11-27 at 00:38:03
2054-11-27 at 00:38:13
2014-11-27 at 00:38:23
2014-11-27 at 00:38:33
2014-11-27 at 00:38:43
2014-11-27 at 00:38:53
2014-11-27 at 00:39:03
2014-11-27 at 00:39:13
2014-11-27 at 00:39:23
2014-11-27 at 00:39:33
2014-11-27 at 00:39:43
2014-11-27 at 00:39:53
2014-11-27 at 00:40:03
2014-11-27 at 00:40:13
2014-11-27 at 00:40:23
2014-11-27 at 00:40:33
2014-11-27 at 00:40:43
2014-11-27 at 00:40:53
2014-11-27 at 00:41:03
2014-11-27 at 00:41:13
2014-11-27 at 00:41:23
2014-11-27 at 00:41:33
2014-11-27 at 00:41:43
2014-11-27 at 00:41:53
2014-11-27 at 00:42:03
2014-11-27 at 00:42:13
2014-11-27 at 00:42:23
2014-11-27 at 00:42:33
2014-11-27 at 00:42:43
2014-11-27 at 00:42:53

-3.3
-33
-3.6
-39
-4.2
-4.6
-4.9
-5.2
-5.5
-5.5
-5.9
-6.2
-6.5
-6.5
-6.8
-7.1
-7.1
-7.5
-7.5
-7.8
-8.1
-8.1

n/a

067°07'12.6" W

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

-067.1201667°

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

20.52
20.56
20.55
20.53
20.49
20.49

20.4
20.54
20.52
20.52
20.52
20.52
20.53
20.53
20.55

20.4
20.55
20.51
20.34

20.5
20.49
20.49
20.53

n/a Prise avec Smartphone app
670 m Prise avec GPS Garmin
Conversion for use in Google Map

20.53
20.16
20.66
20.52
20.52
20.58
20.38
20.52
20.57
20.62
20.56
20.61
20.35

20.6

20.7
20.72
20.65
20.46
20.54
20.58
20.55
20.58
20.07
20.63
20.61
20.64
20.69
20.28
20.55

20.4
20.62
20.61
20.58
20.26
20.39
19.95

Not valid



UNIHEDRON SQM-LU-DL MEASUREMENT DATASHEET
Ambient light - TSMC

* Before measurement, program the Sky Quality Meter (SQM). See back of page.

* ¥

Before measurement, plan for acceptable time and weather conditions. See back of page.

CPS Garwin ol app.

Site name O\d GOO&CUQ\O&M AT 5°00'43.0"N | N SSJ (X),'HJ-I,\
pate 23 /Nov/14 Long. W1 14 4.0 w | W03° 14, 7040
Observer name a,{, lepyis + (Dv \__,}M Elevation 6Slwm b wm

Timing

Describe Sky conditions (clouds, humidity, etc...)

End Twilight (HH:MIN)

19792

Begin Twilight - following day (HH:MIN)

063

Moonset (HH:MIN)

al: (o

Next moonrise - following day (HH:MIN)

|l 140

A»H\ iims& [6hon, mu&d S The eomn

New moon date (DD-MM-YR) 2J-((-| Lf Describe surroundings (% snow cover, trees, buildings, etc...)
Outside Temperature (°C) _ gooaf Wil i lD@U& o Coven_.
SQM placed in Outdoor housing (Y/N)? \{,Q,e CQMS/L [N CQHL'\ aNe SUJ’U'U""'A(’»d &V& Qﬁm/
SQM data logging frequency (sec or min) S M: N CLO% Jro In nw +%?w Sh\MW

PROCEDURE:

1. No artificial light directly on lens (lens reads a 20° wide cone)

2. No aircraft passing close to the zenith

3. Avoid using the SQM near lights like streetlights and in areas that are shaded by trees or buildings. A
rule of thumb for the SQM is to be as far from the object as it is high. For streetlights, stand at least 7.5
meters (or 25 feet) away. Keep away from objects that can reflect light

4. Point the SQM directly overhead (at the zenith). The meter should be held above head level so that
shadows or reflections from your body do not interfere with the reading. Keep it steady.

5. The meter is somewhat temperature dependent. Leave the meter outside for at least 5 minutes to
reach ambient temperature before taking any measurements.

6. Clean lens (from SQM and outdoor housing if used) with a soft cloth. Ensure no condensation on lense.

MEASUREMENT:

Connect the battery pack when ready to measure (This turns on the SQM)

v’

For short term measurement, take readings for about 5 minutes per site

v

Start time (HH:MIN)

23 Moflg | |S:4o

End time (HH:MIN)

2% nov it | 9:30

Disconnect battery pack when finished (This turns off the SQM)

NOTES: w‘f‘ﬁ)?@’/’d@wéhgéﬁm WA%D %&J\J,@ﬁ#

af ﬂw‘




*

Note: There is no display on the SQM, consequently, you must ensure the device is correctly programmed, before any measurement

*k

ok wNE

INSTRUCTIONS

Before measurement, program the Sky Quality Meter (SQM).

Program the SQM using the Unihedron Device Manager software
Connect the SQM and click Find to ensure the SOM has been detected
Go to the “Data Logging” tab

Click on “Settings” button under Device Clock. Ensure SQM and computer times are synchronized.
If data stored in the SQM have already been saved, you can “Erase all”, this will free up memory.

For short term measurements, set “Every x seconds (always on)” at 10 s.
For long term measurements, set “Every x minutes (power save mode)” at 5 m.

Measurements should be taken on clear nights
Moon is < % full
Moon is NOT up
1.5 hours after end of civil twilight (http://www.sunrisesunset.com/Canada/Quebec/Schefferville.asp)

Before measurement, plan for acceptable time and weather conditions.

1.5 hours before beginning of civil twilight
No aurora borealis

Example : For measurement on November 25th, 2014.

End Twilight is 15:54 + 1.5 hour = 17:23
Begin Twilight (following day) is 6:35 — 1.5 hour = 5:05
Moonset is 18:40

Next moonrise (following day) is 10:35

Measurements can be taken:
From: November 25" at 18:40
November 26™ at 5:05

To:

New moon date: Nov. 22™

Lattude, Longitude 54 48.0' N, 66 48.6'W

November 2014
Schefferville, Québec, Canada

Time zone' -5:00 (Eastem)  DST observance: North America

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1
Twi 651
Surrise: 7.29
Sunset 16:52
Twi: 17:31
Moonrise 14:35
Moonset 023
Day iength. 9h 23m
2 psTEnds|3 4 5 6 Ol7 8
Twi 553 Twi. 555 Ter 557 Twi. 5.5 Twi: 6.01 T 6.02 Twi: 6.04
Sunrise 631 Sunrise 6.33 Sunrise: 6:35 Sunrise: 6.37 Sunrise: 640 Sunrise: 6:42 Sunrise: 6 44
Sunset 1550 Sunset 1548 Sunset 15:46 Sunset 15.44 Sunset. 15:42 Sunset. 1540 Sunsel: 15:38
Twi 1629 Twi' 1627 Tar 1625 Twi: 1623 Twi: 1621 Tva. 16:19 Twi: 16:18
1401 Moonrise: 1426 ise: 1452 Moonrise: 1519 ise. 15:50 Moonnse. 16.26 Moonrise: 17:08
Moonsat 0-43 Moonset 203 hoonset 323 Moonset. 4:43 Moonset: 601 Moanset 7.18 Moonset 824
Day length: Sh 19m Day iength oh 15m Day length oh 11m Day length' 8h 7m Full Moon: 17-24 Day tength: 8h 59m Day tength: 8h 55m
Day length: 9h 3m
9 10 11 12 13 14 15
Twr. 606 Twi 608 Twi 610 Tw 612 Twi 6:13 Twi 6:15 Twi: 617
Sunrise: 646 Sunrise: 6.48 Sunrse. 650 Sunnise: 6 52 Sunrise’ 6 54 Sunrise” 6:55 Surrise: 657
Sunset 1537 Sunset 1535 Sunset 15:33 Sunset 15:31 Sunset: 15:29 Sunset 1528 Sunset: 1526
Tei 16 16 Twi: 16:14 Twi. 16.13 Twi. 16:11 Twi: 18:10 Twi 1608 Twi: 16.07
Moonrise: 17 57 Moonrise: 18 51 Moonrise 1951 Moonrise 2053 Moonrise: 21:57 Moonrise: 23 01 Moonrise: none
Moonset 925 Moonset 10.16 Moonset 10°58 Moonset: 1132 Moaonset 12:01 Moonset 12:25 Moonsat 12:47
Dy length: 8h 51m Day length: 8h 47m Day length- 8 43m Day tength: 8h 40m Day length: 8h 36m LastQtr- 10:17 Day tength: 8h 29m
Day lergth: 8h 32m
16 17 18 19 20 21 22
Twa: 6:19 Twi: 620 Twi 622 Twi: 6:24 Twi: 6:26 Twi. 6:27 Twi: 629
Sunrise. 6.59 Sunrise: 7.01 Sunrse: 7.03 Sunrise: 7.05 Sunrise: 7.07 Sunrise: 7.09 Surrise. 7.11
Sunset: 1524 Sunset 1523 Sunset 1521 Sunset 1520 Sunset: 1518 Sunset 1517 Sunset: 15:16
Twi 16 05 Twi: 16:04 Twa. 16.02 Twi 1601 Twi: 1600 Twi 1559 Twi: 1557
Moonrse: 006 Moonrise: 1:12 Moonrise: 2.19 Moonrise: 3:28 Moonrise: 4:38 Moonnse: 549 Moonrise: 8 58
Moonser 1308 Moonset 1328 Moorset 134¢ Moonsel. 1412 Moonset: 14:38 Moonset 15.09 Moonset. 1548
Day lengtn. 8h 25m Day length: 8h 22m Day length: 8h 18m Day length: 8h 15m Day length. 8h 11m Day fength: 8h 8m New Moon: 7:33
Day iength: 8h §m
23 24 25 26 27 28 29
Tw 631 Twi 632 Twr 634 Twi: 635 Twi: 6:37 Twi 638 Twi- 6:40
Sunrise. 7:13 Sunrise: 714 Sunnise: 7:16 Sunrise: 7.18 Sunnse: 7:20 Sunrise. 7.21 Sunrise: 7.23
Sunset 1514 Sunset 15:13 Sunset 15:12 Sunset 15:11 Sunset 15:10 Sunset: 1509 Sunset: 1508
Twi 1558 Twi: 15.55 Twi: 1554 Twi. 15:63 Tt 15:52 Twi 1551 Twi: 1551
Moonnse 8:04 903 1953 Moonrise: 1035 Moonrise: 11:10 11.40 Moonrise: 12:07
Moonset 16:35 Moonset 17 33 Moonset 1840 Moonset 1954 Moonset: 21:12 Moonset 2231 Moonset 2350
Day length: 8h 2m Day length: 7Th 52m Day length. 7h 56m Day tength 7h 53m Day length: 7h 50m Day length. 7n 47m First Qtr: 507
Day length: 7h 44m




# Light Pollution Monitoring Data Format 1.0
# URL: http://www.darksky.org/measurements
# Number of header lines: 35+

# This data is released under the following license: ODbL 1.0 http://opendatacommons.org/licenses/odbl/summary;

# Device type: SOQM-LU-DL

# Instrument ID: TSMC_SQM

# Data supplier: TSMC

# Location name: Schefferville - Howse Project

# Position (lat, lon, elev(m)): 54.799999, -66.833336, 549

# Local timezone: America/Montreal

# Time Synchronization:

# Moving / Stationary position: STATIONARY

# Moving / Fixed look direction: FIXED

# Number of channels: 1

# Filters per channel: HOYA CM-500

# Measurement direction per channel: up - zenith

# Field of view (degrees): 20

# Number of fields per line: 5

# SQM serial number: 2913

# SQM firmware version: 4-6-32

# SQM cover offset value:

# SQM readout test ix: i,00000004,00000006,00000032,00002913

# SQM readout test rx: r, 08.68m,0000030377Hz,0000000000¢,0000000.000s, 004.5C
# SQM readout test cx: ¢,00000019.88m,0000124.363s, 020.3C,00000008.71m, 020.9C
# Comment: SQM purchased by AECOM on behiaf of TSMC

# Comment: For HOWSE Env Impact Statement

# Comment: November 2014

# Comment:

# Comment:

# UDM version: 1.0.0.40

# UDM setting: DL Retrieve All

# blank line 32

# UTC Date & Time, Local Date & Time, Temperature, Voltage, MSAS
#YYYY-MM-DDTHH:mm:ss.fff  YYYY-MM-DDTHH:mm:ss.fff  Celsius Volts mag/arcsec2
# END OF HEADER

Dark point on Goodwood Rd.  55° 00.7121'N 067° 14.7040' W 648 m Prise avec Smartphone app
55°00'43.0" N 067°14' 41.6" W 651 m Prise avec GPS Garmin
55.0118683° -067.2450667° Conversion for use in Google Map

# YYYY-MM-DDTHH:mm:ss.fff

YYYY-MM-DDTHH:mm:ss.fff

Celsius Volts mag/arcsec2

2014-11-27 at 20:39:08 2014-11-27 at 15:39:08 6.7 4.88 10.92 Dark spot
2014-11-27 at 20:44:08 2014-11-27 at 15:44:08 48 4.88 11.78
2014-11-27 at 20:49:08 2014-11-27 at 15:49:08 1.6 4.88 12.66
2014-11-27 at 20:54:08 2014-11-27 at 15:54:08 -1.7 4.88 13.53 Twilight 15:52
2014-11-27 at 20:59:08 2014-11-27 at 15:59:08 -4.6 4.88 14.38
2014-11-27 at 21:04:08 2014-11-27 at 16:04:08 -7.1 4388 15.15
2014-11-27 at 21:09:08 2014-11-27 at 16:09:08 -9.4 4388 15.91
2014-11-27 at 21:14:08 2014-11-27 at 16:14:08 -11.3 4.88 16.66
2014-11-27 at 21:19:08 2014-11-27 at 16:19:08 -12.9 4.88 17.29
2014-11-27 at 21:24:07 2014-11-27 at 16:24:07 -14.2 4.88 17.9
2014-11-27 at 21:29:07 2014-11-27 at 16:29:07 -15.5 4.88 18.47
2014-11-27 at 21:34:07 2014-11-27 at 16:34:07 -16.5 4.88 18.91
2014-11-27 at 21:39:07 2014-11-27 at 16:39:07 -17.5 4.88 19.31
2014-11-27 at 21:44:07 2014-11-27 at 16:44.07 -18.1 4.88 19.6
2014-11-27 at 21:49:07 2014-11-27 at 16:49:07 -18.7 4.88 19.94
2014-11-27 at 21:54:07 2014-11-27 at 16:54:07 -19.1 4.88 - 20.2
2014-11-27 at 21:59:07 2014-11-27 at 16:59:07 -19.4 4.88 20.19
2014-11-27 at 22:04:07 2014-11-27 at 17:04:07 -19.7 4.88 20.14
2014-11-27 at 22:09:07 2014-11-27 at 17:09:07 -19.7 4.88 19.7
2014-11-27 at 22:14:07 2014-11-27 at 17:14:07 -19.7 4.88 19.9
2014-11-27 at 22:19:07 2014-11-27 at 17:19:07 -19.7 4.88 20.13
2014-11-27 at 22:24.07 2014-11-27 at 17:24:07 -19.7 4.88 19.38 Twilight 15:52 + 1.5 hours
2014-11-27 at 22:29:07 2014-11-27 at 17:29:07 -19.4 4.88 19.51
2014-11-27 at 22:34:07 2014-11-27 at 17:34:07 -19.1 4.88 20.04
2014-11-27 at 22:39:07 2014-11-27 at 17:39:07 -19.1 4.88 19.71
2014-11-27 at 22:44:07 2014-11-27 at 17:44:07 -19.1 4.88 19.73
2014-11-27 at 22:49:07 2014-11-27 at 17:49:07 -18.7 4.88 20.12
2014-11-27 at 22:54:07 2014-11-27 at 17:54:07 -18.7 4.88 20.25
2014-11-27 at 22:59:08 2014-11-27 at 17:59:08 -19.1 4.88 20.35
2014-11-27 at 23:04:07 2014-11-27 at 18:04:07 -19.1 4.88 20.33



2014-11-27 at 23:09:07
2014-11-27 at 23:14:07
2014-11-27 at 23:19:07
2014-11-27 at 23:24:07
2014-11-27 at 23:29:08
2014-11-27 at 23:34:07
2014-11-27 at 23:39:07
2014-11-27 at 23:44:07
2014-11-27 at 23:49:07
2014-11-27 at 23:54:07
2014-11-27 at 23:59:08
2014-11-28 at 00:04:07
2014-11-28 at 00:09:07
2014-11-28 at 00:14:07
2014-11-28 at 00:19:07
2014-11-28 at 00:24:08
2014-11-28 at 00:29:07
2014-11-28 at 00:34:08
2014-11-28 at 00:39:07
2014-11-28 at 00:44:08
2014-11-28 at 00:49:07
2014-11-28 at 00:54:07
2014-11-28 at 00:59:07
2014-11-28 at 01:04:07
2014-11-28 at 01:09:07
2014-11-28 at 01:14:07
2014-11-28 at 01:19:07
2014-11-28 at 01:24:07
2014-11-28 at 01:29:07
2014-11-28 at 01:34:17
2014-11-28 at 01:39:07
2014-11-28 at 01:44:07
2014-11-28 at 01:49:07
2014-11-28 at 01:54:07
2014-11-28 at 01:59:08
2014-11-28 at 02:04:07
2014-11-28 at 02:09:08
2014-11-28 at 02:14:07
2014-11-28 at 02:19:07
2014-11-28 at 02:24:08
2014-11-28 at 02:29:07
2014-11-28 at 02:34:07
2014-11-28 at 02:39:07
2014-11-28 at 02:44:07
2014-11-28 at 02:49:08
2014-11-28 at 02:54:08
2014-11-28 at 02:59:07
2014-11-28 at 03:04:07
2014-11-28 at 03:09:07
2014-11-28 at 03:14:07
2014-11-28 at 03:19:07
2014-11-28 at 03:24:07
2014-11-28 at 03:29:07
2014-11-28 at 03:34:08
2014-11-28 at 03:39:07
2014-11-28 at 03:44:07
2014-11-28 at 03:49:07
2014-11-28 at 03:54:07
2014-11-28 at 03:59:07
2014-11-28 at 04:04:07
2014-11-28 at 04:09:07
2014-11-28 at 04:14:07
2014-11-28 at 04:19:07
2014-11-28 at 04:24:07
2014-11-28 at 04:29:07
2014-11-28 at 04:34:07
2014-11-28 at 04:39:07
2014-11-28 at 04:44:07
2014-11-28 at 04:49:07
2014-11-28 at 04:54:07
2014-11-28 at 04:59:08

2014-11-27 at 18:09:07
2014-11-27 at 18:14:07
2014-11-27 at 18:19:07
2014-11-27 at 18:24:07
2014-11-27 at 18:29:08
2014-11-27 at 18:34:07
2014-11-27 at 18:39:07
2014-11-27 at 18:44:07
2014-11-27 at 18:49:07
2014-11-27 at 18:54:07
2014-11-27 at 18:59:08
2014-11-27 at 19:04:07
2014-11-27 at 19:09:07
2014-11-27 at 19:14:07
2014-11-27 at 19:19:07
2014-11-27 at 19:24:08
2014-11-27 at 19:29:07
2014-11-27 at 19:34:08
2014-11-27 at 19:39:07
2014-11-27 at 19:44:08
2014-11-27 at 19:49:07
2014-11-27 at 19:54:07
2014-11-27 at 19:59:07
2014-11-27 at 20:04:07
2014-11-27 at 20:09:07
2014-11-27 at 20:14:07
2014-11-27 at 20:19:07
2014-11-27 at 20:24:07
2014-11-27 at 20:29:07
2014-11-27 at 20:34:17
2014-11-27 at 20:39:07
2014-11-27 at 20:44:07
2014-11-27 at 20:49:07
2014-11-27 at 20:54:07
2014-11-27 at 20:59:08
2014-11-27 at 21:04:07
2014-11-27 at 21:09:08
2014-11-27 at 21:14:07
2014-11-27 at 21:19:07
2014-11-27 at 21:24:08
2014-11-27 at 21:29:07
2014-11-27 at 21:34:07
2014-11-27 at 21:39:07
2014-11-27 at 21:44:07
2014-11-27 at 21:49:08
2014-11-27 at 21:54:08
2014-11-27 at 21:59:07
2014-11-27 at 22:04:07
2014-11-27 at 22:09:07
2014-11-27 at 22:14:07
2014-11-27 at 22:19:07
2014-11-27 at 22:24:07
2014-11-27 at 22:29:07
2014-11-27 at 22:34:08
2014-11-27 at 22:39:07
2014-11-27 at 22:44:07
2014-11-27 at 22:49:07
2014-11-27 at 22:54:07
2014-11-27 at 22:59:07
2014-11-27 at 23:04:07
2014-11-27 at 23:09:07
2014-11-27 at 23:14:07
2014-11-27 at 23:19:07
2014-11-27 at 23:24:07
2014-11-27 at 23:29:07
2014-11-27 at 23:34:07
2014-11-27 at 23:39:07
2014-11-27 at 23:44:07
2014-11-27 at 23:49:07
2014-11-27 at 23:54:07
2014-11-27 at 23:59:08

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

20.08
20.07
20.02
19.68
19.51
19.77
19.94
20.17
20.23
20.16
20.2
20.37
20.33
20.19
20.04
19.88
19.95
20.51
20.36
20.33
20.03
19.99
19.73
20.07
20.08
20.07
19.7
20.09
19.87
20.07
20.43
20.31
19.72
20.4
20.5
20.41
20.44
20.08 Moonset 21:12
20.35
20.41
20.41
20.23
20.11
20.19
20.19
20.1
20.16
20.15
20.29
20.34
20.28
20.14
20.11
20.25
20.28
20.19
20.43
20.2
20.11
20.23
20.32
20.23
20.39
19.85
20.25
20.2
20.15
20.43
20.09
20.2
20.74



2014-11-28 at 05:04:08
2014-11-28 at 05:09:07
2014-11-28 at 05:14:08
2014-11-28 at 05:19:08
2014-11-28 at 05:24:09
2014-11-28 at 05:29:09
2014-11-28 at 05:34:10
2014-11-28 at 05:39:07
2014-11-28 at 05:44:07
2014-11-28 at 05:49:09
2014-11-28 at 05:54:07
2014-11-28 at 05:59:10
2014-11-28 at 06:04:09
2001-01-01 at 01:01:01
2014-11-28 at 06:14:08
2014-11-28 at 06:19:09
2014-11-28 at 06:24:08
2014-11-28 at 06:29:10
2014-11-28 at 06:34:10
2014-11-28 at 06:21:11
2014-11-28 at 06:44:12
2014-11-28 at 06:49:11
2014-11-28 at 06:54:11
2014-11-28 at 06:59:11
2014-11-28 at 07:04:12
2014-11-28 at 07:09:11
2014-11-28 at 07:14:09
2014-11-28 at 07:19:10
2014-11-28 at 07:24:10
2014-11-28 at 07:29:09
2014-11-28 at 07:34:09
2014-11-28 at 07:39:09
2014-11-28 at 07:44:10
2014-11-28 at 07:49:10
2014-11-28 at 07:54:09
2014-11-28 at 07:59:11
2014-11-28 at 08:04:11
2014-11-28 at 08:09:11
2014-11-28 at 08:14:11
2014-11-28 at 08:19:11
2014-11-28 at 08:24:11
2014-11-28 at 08:29:11
2014-11-28 at 08:34:10
2014-11-28 at 08:39:10
2014-11-28 at 08:44:10
2014-11-28 at 08:49:14
2014-11-28 at 08:54:12
2014-11-28 at 08:59:12
2014-11-28 at 09:04:11
2014-11-28 at 09:09:13
2014-11-28 at 09:14:12
2014-11-28 at 09:19:11
2014-11-28 at 09:24:11
2014-11-28 at 09:29:11
2014-11-28 at 09:34:11
2014-11-28 at 09:39:12
2014-11-28 at 09:44:12
2014-11-28 at 09:49:13
2014-11-28 at 09:54:10
2014-11-28 at 09:59:12
2014-11-28 at 10:04:12
2014-11-28 at 10:09:12
2014-11-28 at 10:14:12
2014-11-28 at 10:19:12
2014-11-28 at 10:24:11
2014-11-28 at 10:29:10
2014-11-28 at 10:34:09
2014-11-28 at 10:39:09
2014-11-28 at 10:44.07
2014-11-28 at 10:49:07
2014-11-28 at 10:54:07

2014-11-28 at 00:04:08
2014-11-28 at 00:09:07
2014-11-28 at 00:14:08
2014-11-28 at 00:19:08
2014-11-28 at 00:24:09
2014-11-28 at 00:29:09
2014-11-28 at 00:34:10
2014-11-28 at 00:39:07
2014-11-28 at 00:44:07
2014-11-28 at 00:49:09
2014-11-28 at 00:54:07
2014-11-28 at 00:59:10
2014-11-28 at 01:04:09
2000-12-31 at 20:01:01
2014-11-28 at 01:14:08
2014-11-28 at 01:19:09
2014-11-28 at 01:24:08
2014-11-28 at 01:29:10
2014-11-28 at 01:34:10
2014-11-28 at 01:21:11
2014-11-28 at 01:44:12
2014-11-28 at 01:49:11
2014-11-28 at 01:54:11
2014-11-28 at 01:59:11
2014-11-28 at 02:04:12
2014-11-28 at 02:09:11
2014-11-28 at 02:14:09
2014-11-28 at 02:19:10
2014-11-28 at 02:24:10
2014-11-28 at 02:29:09
2014-11-28 at 02:34:09
2014-11-28 at 02:39:09
2014-11-28 at 02:44:10
2014-11-28 at 02:49:10
2014-11-28 at 02:54:09
2014-11-28 at 02:59:11
2014-11-28 at 03:04:11
2014-11-28 at 03:09:11
2014-11-28 at 03:14:11
2014-11-28 at 03:19:11
2014-11-28 at 03:24:11
2014-11-28 at 03:29:11
2014-11-28 at 03:34:10
2014-11-28 at 03:39:10
2014-11-28 at 03:44:10
2014-11-28 at 03:49:14
2014-11-28 at 03:54:12
2014-11-28 at 03:59:12
2014-11-28 at 04:04:11
2014-11-28 at 04:09:13
2014-11-28 at 04:14:12
2014-11-28 at 04:19:11
2014-11-28 at 04:24:11
2014-11-28 at 04:29:11
2014-11-28 at 04:34:11
2014-11-28 at 04:39:12
2014-11-28 at 04:44:12
2014-11-28 at 04:49:13
2014-11-28 at 04:54:10
2014-11-28 at 04:59:12
2014-11-28 at 05:04:12
2014-11-28 at 05:09:12
2014-11-28 at 05:14:12
2014-11-28 at 05:19:12
2014-11-28 at 05:24:11
2014-11-28 at 05:29:10
2014-11-28 at 05:34:09
2014-11-28 at 05:39:09
2014-11-28 at 05:44:07
2014-11-28 at 05:49:07
2014-11-28 at 05:54:07

20.56
20.7
20.74
20.76
20.88
20.92
20.92
20.97
20.96
20.92
20.97
20.95
20.92
20.98
21.05
21.15
21.07
21.24
21.28
21.33
21.38
21.37
21.33
21.39
21.42
21.36
21.22
21.27
21.27
21.25
21.2
21.24
21.28
21.32
21.52
21.67
21.72
21.74
21.74
21.74
21.74
21.74
21.74
21.74
21.72
21.66
21.57
21.57
21.51
21.57
21.53
21.45
21.47
21.42
21.39
21.47
21.51
21.49
21.35
21.46
21.47
21.46 Twilight 6:39 - 1.5 hours
21.44
21.43
21.35
21.33
21.16
20.95
20.69
20.28
19.83



2014-11-28 at 10:59:07
2014-11-28 at 11:04:07
2014-11-28 at 11:09:07
2014-11-28 at 11:14:07
2014-11-28 at 11:19:07
2014-11-28 at 11:24:07
2014-11-28 at 11:29:07
2014-11-28 at 11:34:07
2014-11-28 at 11:39:07
2014-11-28 at 11:44:07
2014-11-28 at 11:49:07
2014-11-28 at 11:54:07
2014-11-28 at 11:59:07
2014-11-28 at 12:04:07
2014-11-28 at 12:09:07
2014-11-28 at 12:14:07
2014-11-28 at 12:19:07
2014-11-28 at 12:24:07
2014-11-28 at 12:29:07
2014-11-28 at 12:34:07
2014-11-28 at 12:39:07
2014-11-28 at 12:44:07
2014-11-28 at 12:49:07
2014-11-28 at 12:54:07
2014-11-28 at 12:59:07
2014-11-28 at 13:04:07
2014-11-28 at 13:09:07
2014-11-28 at 13:14:07
2014-11-28 at 13:19:07
2014-11-28 at 13:24:07
2014-11-28 at 13:29:07
2014-11-28 at 13:34:07
2014-11-28 at 13:39:07
2014-11-28 at 13:44:07
2014-11-28 at 13:49:07
2014-11-28 at 13:54:07
2014-11-28 at 13:59:07
2014-11-28 at 14:04:07
2014-11-28 at 14:09:07
2014-11-28 at 14:14:07
2014-11-28 at 14:19:07
2014-11-28 at 14:24:08
2014-11-28 at 14:29:07
2014-11-28 at 14:34:07

2014-11-28 at 05:59:07
2014-11-28 at 06:04:07
2014-11-28 at 06:09:07
2014-11-28 at 06:14:07
2014-11-28 at 06:19:07
2014-11-28 at 06:24:07
2014-11-28 at 06:29:07
2014-11-28 at 06:34:07
2014-11-28 at 06:39:07
2014-11-28 at 06:44:07
2014-11-28 at 06:49:07
2014-11-28 at 06:54:07
2014-11-28 at 06:539:07
2014-11-28 at 07:04:07
2014-11-28 at 07:09:07
2014-11-28 at 07:14:07
2014-11-28 at 07:19:07
2014-11-28 at 07:24:07
2014-11-28 at 07:29:07
2014-11-28 at 07:34:07
2014-11-28 at 07:39:07
2014-11-28 at 07:44:07
2014-11-28 at 07:49:07
2014-11-28 at 07:54:07
2014-11-28 at 07:59:07
2014-11-28 at 08:04:07
2014-11-28 at 08:09:07
2014-11-28 at 08:14:07
2014-11-28 at 08:19:07
2014-11-28 at 08:24:07
2014-11-28 at 08:29:07
2014-11-28 at 08:34:07
2014-11-28 at 08:39:07
2014-11-28 at 08:44:07
2014-11-28 at 08:49:07
2014-11-28 at 08:54:07
2014-11-28 at 08:59:07
2014-11-28 at 09:04:07
2014-11-28 at 09:09:07
2014-11-28 at 09:14:07
2014-11-28 at 09:19:07
2014-11-28 at 09:24:08
2014-11-28 at 09:29:07
2014-11-28 at 09:34:07

4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88
4.88

19.28
18.71
18.05
17.38
16.66
15.92
15.16
14.38

13.58 Twilight 6:39

12.76
11.92
11.12
10.35
9.63
9.01
8.46
7.99
7.57
7.22
6.91
6.64
6.44
6.24
6.06
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Acid-Base Accounting and Toxicity Characterization Leach Procedure Report

Prepared for: Tata Steel

Prepared by: Activation Laboratories Ltd.
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A total of 52 samples were submitted in batches of 43 and 9 samples for Acid Base Accounting (modified Sobek) and Toxicity Characterization Leach
Procedure (EPA 1311) for inorganic analytes.

Results of Acid-Base Accounting

Paste pH, measured in a mixture of deionized water and pulverized samples, ranged from 5.7 to 8.5. 62% of the samples prior to analysis are acidic, with a
paste pH less than 7.0.

Classical acid-base accounting is based on the use of total sulphur to estimate acid generating potential (AP), results which ranged from below detection,
<0.01% to 0.06%. Potential acidity for the samples is very low according to low total S concentrations.

Modified Sobek Neutralization Potential (NP) ranged from -1 kg CaCO3 equivalent/tonne to a maximum of 17 kg/t, with mean and median values of 0.8
and 0.2 kg/t.

The Acid Potential (AP) ranged from 0 to 2 kg CaCO3 equivalent/tonne, with mean and median values of 0.4 and 0.1 kg/t.
The Net Neutralization Potential (NNP) ranged from -2.6 to 15.6, and samples can be classified according to the following (ASTM E1915):

Table 1: Classifications

Classification Specifications

Highly Acidic NNP < -10

Acidic -10<NNP< -2

Slightly Acidic -2<NNP<-0.2

Neutral -0.2<NNP<0.2and AP<-0.20or NP >0.2
Inert -0.2<NNP<0.2and AP>-0.20or NP <0.2
Slightly Basic 0.2>NNP<2.0

Basic 2.0>NNP< 10

Highly Basic NNP > 10
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Table 2: Sample Classification

Sample ID Classification
HW-DD14-19 34.5 - 36 Basic
HW-DD14-1952.5-54 Slightly Basic
HW-DD14-19 70.5-72 Neutral
HW-DD14-21 157.5 - 159 Slightly Basic
HW-DD14-23 69.41 - 69.52 Slightly Basic
HW-DD14-24 53.8 - 53.94 Slightly Basic
HW-DD14-24 81 - 82.5 Slightly Acidic
HW-DD14-25 30.6 - 30.76 Inert
HW-DD14-25 78.8 - 79 Slightly Acidic
HW-DD14-25 81.9 - 82 Slightly Basic
HW-DD14-26 43.8 - 43.96 Acidic
HW-DD14-26 57.1-57.24 Slightly Acidic
HW-DD14-27B 114.2 - 114.33 Slightly Basic
HW-DD14-28 35.28 - 35.4 Slightly Acidic
HW-DD14-28 67.5 - 67.64 Neutral
HW-DD14-29 12 - 13.5 Slightly Basic
HW-DD14-29 22.5-24 Neutral
HW-DD14-29 35.5 - 36 Slightly Basic
HW-DD14-29 45 - 46.5 Slightly Acidic
HW-DD14-29 69 - 70.5 Inert
HW-DD14-29 81 - 82.5 Slightly Acidic
HW-DD14-29 84 - 85.5 Slightly Acidic
HW-DD14-29 106.5 - 107 Slightly Acidic
HW-DD14-29 118.5-120 Slightly Basic
HW-DD14-30 31.6 - 31.71 Slightly Acidic
HW-DD14-3050.2 - 50.32 Acidic
HW-DD14-31 15-16.6 Basic
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Sample ID Classification
HW-DD14-31 28.5-30 Slightly Acidic
HW-DD14-31 66 - 67.5 Slightly Basic
HW-DD14-3170.5-72 Slightly Acidic
HW-DD14-31 109.5 - 111 Slightly Acidic
HW-DD14-32 52.5-54 Slightly Acidic
HW-DD14-32 84 - 85.5 Inert
HW-DD14-33 33 -34.5 Inert
HW-DD14-33 48 - 49.5 Slightly Acidic
HW-DD14-34 18.3 - 18.46 Highly Basic
HW-DD14-34 64.5 - 64.67 Slightly Basic
HW-DD14-34 96.2 - 96.37 Inert
HW-DD14-35 31.13 - 31.29 Basic
HW-DD14-35 45.21 - 45.36 Inert
HW-DD14-35 69 - 69.16 Slightly Acidic
HW-DD14-35 90.77 - 90.99 Slightly Basic
HW-DD14-35 94 - 94.14 Inert
1345228 (1) Inert
236522 Slightly Acidic
236537 Slightly Basic
236561 Slightly Basic
1329983 Inert
1330762+1330763 Slightly Basic
1330786+1330787 Slightly Basic
1345437 Slightly Acidic
1345306 Inert
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Figure 1: Paste pH vs. Modified Sobek neutralization Potential
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Figure 2 HCl-leachable sulphate vs total sulphur:
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Table 3:

Acid-base accounting sample results (pH > 7 highlighted in green, pH<7 highlighted in red)

Analyte Symbol AP NNP NP Fizz Rating Volume HCl | Volume NaOH
Net Neutralization | Neutralization

Analyte Name Acid Potential Potential Potential Paste pH 0.10N 0.50N
(mL) (mL)

Unit Symbol kg CaCO3/t no units kg CaCO3/t no units

Total Samples 43

Acidic Count 25

% samples acidic 58%

min 0 -2.620 -1.0 5.9

max 2 15.600 16.6 8.5

mean 0.4 0.467 0.9 7.0

median 0.0 -0.063 0.2 6.8

HW-DD14-19 34.5 - 36 0.625 4.1 4.73 8.38 None 4.40 0.50

HW-DD14-19 52.5-54 0 1.24 1.24 8.19 None 3.50 0.60

HW-DD14-1970.5-72 0.625 0.121 0.746 7.64 None 2.30 0.40

HW-DD14-21 157.5 - 159 0 0.498 0.498 8.24 None 3.20 0.60

HW-DD14-23 69.41 - 69.52 0 1.74 1.74 7.60 None 3.20 0.50

HW-DD14-24 53.8 - 53.94 0 0.249 0.249 7.54 None 2.60 0.50

HW-DD14-24 81 - 82.5 0.938 -0.813 0.125 6.81 None 2.30 0.45

HW-DD14-25 30.6 - 30.76 0 -0.124 -0.124 7.40 None 2.20 0.45

HW-DD14-25 78.8 - 79 0.313 -0.437 -0.124 6.36 None 3.20 0.65

HW-DD14-25 81.9 - 82 0 0.498 0.498 6.62 None 3.20 0.60

HW-DD14-26 43.8 - 43.96 1.56 -2.19 -0.623 6.59 None 3.00 0.65

HW-DD14-26 57.1 - 57.24 0.938 -1.06 -0.125 6.52 None 3.20 0.65

HW-DD14-27B 114.2 -

114.33 0 0.374 0.374 6.48 None 2.40 0.45

HW-DD14-28 35.28 - 35.4 0.938 -0.813 0.125 7.09 None 1.80 0.35
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Analyte Symbol AP NNP NP Fizz Rating Volume HCl | Volume NaOH
Net Neutralization | Neutralization

Analyte Name Acid Potential Potential Potential Paste pH 0.10N 0.50N
(mL) (mL)

Unit Symbol kg CaCO3/t no units kg CaCO3/t no units

Total Samples 43

Acidic Count 25

% samples acidic 58%

min 0 -2.620 -1.0 5.9

max 2 15.600 16.6 8.5

mean 0.4 0.467 0.9 7.0

median 0.0 -0.063 0.2 6.8

HW-DD14-28 67.5 - 67.64 0.313 -0.063 0.25 5.94 None 5.10 1.00

HW-DD14-29 12 - 13.5 0.625 1.74 2.36 7.86 None 8.70 1.55

HW-DD14-29 22.5-24 0.938 -0.189 0.749 7.34 None 1.80 0.30

HW-DD14-29 35.5- 36 0 0.249 0.249 6.94 None 2.10 0.40

HW-DD14-29 45 - 46.5 0 -0.999 -0.999 6.65 None 2.10 0.50

HW-DD14-29 69 - 70.5 0.313 -0.188 0.124 6.18 None 3.80 0.75

HW-DD14-29 81 - 82.5 1.25 -0.627 0.623 6.81 None 2.50 0.45

HW-DD14-29 84 - 85.5 0 -0.995 -0.995 6.33 None 2.60 0.60

HW-DD14-29 106.5 - 107 0.938 -0.688 0.249 6.54 None 2.60 0.50

HW-DD14-29 118.5-120 0 0.498 0.498 6.74 None 2.20 0.40

HW-DD14-3031.6-31.71 0.938 -0.938 0 7.13 None 2.50 0.50

HW-DD14-30 50.2 - 50.32 1.88 -2.62 -0.747 6.27 None 2.70 0.60

HW-DD14-31 15-16.6 0.625 3.49 4,11 7.76 None 10.40 1.75

HW-DD14-31 28.5- 30 0.625 -0.251 0.374 7.28 None 1.90 0.35

HW-DD14-31 66 - 67.5 0 0.748 0.748 7.33 None 1.80 0.30

HW-DD14-31 70.5- 72 0.938 -0.563 0.374 6.84 None 1.90 0.35

HW-DD14-31 109.5 - 111 0 -0.374 -0.374 6.63 None 2.10 0.45

HW-DD14-32 52.5- 54 0.625 -1.12 -0.5 6.63 None 2.80 0.60
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Analyte Symbol AP NNP NP Fizz Rating Volume HCl | Volume NaOH
Net Neutralization | Neutralization

Analyte Name Acid Potential Potential Potential Paste pH 0.10N 0.50N
(mL) (mL)

Unit Symbol kg CaCO3/t no units kg CaCO3/t no units

Total Samples 43

Acidic Count 25

% samples acidic 58%

min 0 -2.620 -1.0 5.9

max 2 15.600 16.6 8.5

mean 0.4 0.467 0.9 7.0

median 0.0 -0.063 0.2 6.8

HW-DD14-32 84 - 85.5 0 0.125 0.125 6.93 None 1.80 0.35

HW-DD14-33 33 - 34.5 0 0 0 7.41 None 2.00 0.40

HW-DD14-33 48 - 49.5 0.625 -0.501 0.124 6.78 None 2.30 0.45

HW-DD14-34 18.3 - 18.46 0.938 15.6 16.6 8.52 None 13.40 1.35

HW-DD14-34 64.5 - 64.67 0 0.623 0.623 6.82 None 1.50 0.25

HW-DD14-34 96.2 - 96.37 0 -0.125 -0.125 6.07 None 5.70 1.15

HW-DD14-35 31.13 - 31.29 0 3.23 3.23 7.81 None 8.80 1.50

HW-DD14-35 45.21 - 45.36 0 0 0 6.52 None 2.00 0.40

HW-DD14-35 69 - 69.16 0 -0.249 -0.249 6.79 None 1.90 0.40

HW-DD14-35 90.77 - 90.99 0 0.871 0.871 7.62 None 5.60 1.05

HW-DD14-35 94 - 94.14 0 0 0 6.22 None 5.00 1.00

1345228 0.25 -0.13 0.12 6.16 None 1.30 0.25

236522 0.66 -0.66 0.00 7.12 None 1.50 0.30

236537 0.19 0.31 0.50 6.87 None 1.20 0.20

236561 0.00 0.25 0.25 7.31 None 1.60 0.30

1329983 0.13 0.00 0.12 6.56 None 1.30 0.25

1330762+1330763 0.00 0.50 0.50 5.92 None 1.20 0.20

1330786+1330787 0.00 0.25 0.25 5.90 None 1.60 0.30
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Analyte Symbol AP NNP NP Fizz Rating Volume HCl | Volume NaOH
Net Neutralization | Neutralization

Analyte Name Acid Potential Potential Potential Paste pH 0.10N 0.50N
(mL) (mL)

Unit Symbol kg CaCO3/t no units kg CaCO3/t no units

Total Samples 43

Acidic Count 25

% samples acidic 58%

min 0 -2.620 -1.0 5.9

max 2 15.600 16.6 8.5

mean 0.4 0.467 0.9 7.0

median 0.0 -0.063 0.2 6.8

1345437 0.44 -0.31 0.12 5.73 None 1.30 0.25

1345306 0.00 0.00 0.00 5.90 None 3.00 0.60

Sulphur Speciation

Both total sulphur and acid soluble sulphate sulphur using HCI leach were performed with the following results.

There are very low concentrations of total sulphur, reporting limit is 0.01%, estimated error at this limit is + 100%.

Table 4: Sulphur Speciation results

Analyte Symbol Total S S-SO4(HCl)
Total | Acid Soluble

Analyte Name Sulphur S

Unit Symbol %

HW-DD14-19 34.5 - 36 0.02 <0.01

HW-DD14-19 52.5-54 <0.01 <0.01
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Analyte Symbol Total S | S-SO4(HCI)
Total | Acid Soluble
Analyte Name Sulphur S
Unit Symbol %
HW-DD14-19 70.5-72 0.02 0.01
HW-DD14-21 157.5 - 159 <0.01 <0.01
HW-DD14-23 69.41 - 69.52 <0.01 0.01
HW-DD14-24 53.8 - 53.94 <0.01 <0.01
HW-DD14-24 81 - 82.5 0.03 0.03
HW-DD14-25 30.6 - 30.76 <0.01 <0.01
HW-DD14-25 78.8 - 79 0.01 0.01
HW-DD14-25 81.9 - 82 <0.01 0.01
HW-DD14-26 43.8 - 43.96 0.05 0.04
HW-DD14-26 57.1 - 57.24 0.03 <0.01
HW-DD14-27B 114.2 - 114.33 <0.01 <0.01
HW-DD14-28 35.28 - 35.4 0.03 0.03
HW-DD14-28 67.5 - 67.64 0.01 <0.01
HW-DD14-29 12 - 13.5 0.02 <0.01
HW-DD14-2922.5-24 0.03 0.03
HW-DD14-29 35.5 - 36 <0.01 <0.01
HW-DD14-29 45 - 46.5 <0.01 0.02
HW-DD14-29 69 - 70.5 0.01 <0.01
HW-DD14-29 81 - 82.5 0.04 0.04
HW-DD14-29 84 - 85.5 <0.01 <0.01
HW-DD14-29 106.5 - 107 0.03 0.01
HW-DD14-29 118.5-120 <0.01 <0.01
HW-DD14-3031.6-31.71 0.03 <0.01
HW-DD14-30 50.2 - 50.32 0.06 0.04
HW-DD14-31 15 - 16.6 0.02 <0.01
HW-DD14-31 28.5 - 30 0.02 0.01
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Analyte Symbol Total S | S-SO4(HCI)
Total | Acid Soluble
Analyte Name Sulphur S
Unit Symbol %
HW-DD14-31 66 - 67.5 <0.01 <0.01
HW-DD14-3170.5-72 0.03 0.01
HW-DD14-31 109.5 - 111 <0.01 <0.01
HW-DD14-32 52.5-54 0.02 <0.01
HW-DD14-32 84 - 85.5 <0.01 <0.01
HW-DD14-33 33 -34.5 <0.01 <0.01
HW-DD14-33 48 - 49.5 0.02 0.01
HW-DD14-34 18.3 - 18.46 0.03 0.02
HW-DD14-34 64.5 - 64.67 <0.01 0.01
HW-DD14-34 96.2 - 96.37 <0.01 <0.01
HW-DD14-3531.13-31.29 <0.01 <0.01
HW-DD14-35 45.21 - 45.36 <0.01 <0.01
HW-DD14-35 69 - 69.16 <0.01 <0.01
HW-DD14-35 90.77 - 90.99 <0.01 <0.01
HW-DD14-35 94 - 94.14 <0.01 <0.01
1345228 <0.01 <0.01
236522 0.02 <0.01
236537 <0.01 <0.01
236561 <0.01 <0.01
1329983 <0.01 <0.01
1330762+1330763 <0.01 <0.01
1330786+1330787 <0.01 <0.01
1345437 0.01 <0.01
1345306 <0.01 <0.01
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Results of TCLP

Table 5: TCLP Results

Analysis for Hg performed using cold-vapour AA, Fluoride, nitrite and nitrate using ion chromatography, and all other results using ICP-OES.

Estimated error at reporting limit is + 100%.

Other than nitrate/nitrite, no significant concentrations were detected.

NO2 | NO3 (as
Ag As B Ba Cd Cr Hg Pb Se u F (as N) N)
Silver | Arsenic | Boron | Barium | Cadmium | Chromium | Mercury Lead | Selenium | Uranium | Fluoride | Nitrite Nitrate
mg/L mg/L | mg/L| mg/L mg/L mg/L ng/L | mg/L mg/L mg/L mg/L |  mg/L mg/L
HW-DD14-19 34.5 - 36 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-19 52.5 - 54 <0.1 <01 | <01 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 10.2
HW-DD14-19 70.5 - 72 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-21 157.5 - 159 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-23 69.41 -
69.52 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-24 53.8 - 53.94 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-24 81 - 82.5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-25 30.6 - 30.76 <0.1 <01 | <01 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-25 78.8 - 79 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-25 81.9 - 82 <0.1 <01 | <01 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
HW-DD14-26 43.8 - 43.96 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-26 57.1 - 57.24 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-27B 114.2 -
114.33 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
HW-DD14-28 35.28 - 35.4 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-28 67.5 - 67.64 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1
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NO2 | NOS3 (as
Ag As B Ba Cd Cr Hg Pb Se U F (as N) N)
Silver | Arsenic | Boron | Barium | Cadmium | Chromium | Mercury Lead | Selenium | Uranium | Fluoride | Nitrite Nitrate
mg/L mg/L | mg/L| mg/L mg/L mg/L ng/L | mg/L mg/L mg/L mg/L | mg/L mg/L
HW-DD14-29 12 - 13.5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-29 22.5 - 24 <0.1 <0.1| <01 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-29 35.5 - 36 <0.1 <01 | <01 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-29 45 - 46.5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-29 69 - 70.5 <0.1 <0.1| <o0.1 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
HW-DD14-29 81 - 82.5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-29 84 - 85.5 <0.1 <0.1| <01 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-29 106.5 - 107 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-29 118.5 - 120 <0.1 <0.1| <01 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-30 31.6 - 31.71 <0.1 <0.1| <o0.1 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
HW-DD14-30 50.2 - 50.32 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-31 15 - 16.6 <0.1 <0.1| <01 0.7 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
HW-DD14-31 28.5 - 30 <0.1 <01 | <01 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-31 66 - 67.5 <0.1 <0.1| <01 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-31 70.5 - 72 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-31 109.5 - 111 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-32 52.5 - 54 <0.1 <0.1 0.1 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
HW-DD14-32 84 - 85.5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-33 33 - 34.5 <0.1 <0.1| <01 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-33 48 - 49.5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
HW-DD14-34 18.3 - 18.46 <0.1 <0.1| <01 0.5 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-34 64.5 - 64.67 <0.1 <0.1| <o0.1 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
HW-DD14-34 96.2 - 96.37 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 <1
HW-DD14-35 31.13 -
31.29 <0.1 <0.1| <01 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
HW-DD14-35 45.21 -
45.36 <0.1 <0.1| <01 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1
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NO2 | NO3 (as

Ag As B Ba Cd Cr Hg Pb Se U F (as N) N)

Silver | Arsenic | Boron | Barium | Cadmium | Chromium | Mercury Lead | Selenium | Uranium | Fluoride | Nitrite Nitrate

mg/L mg/L | mg/L| mg/L mg/L mg/L ng/L | mg/L mg/L mg/L mg/L | mg/L mg/L

HW-DD14-35 69 - 69.16 <0.1 <0.1| <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 <1 16.7
HW-DD14-35 90.77 -

90.99 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 <01 <0.1 <1 <1 <1 <1

HW-DD14-35 94 - 94.14 <0.1 <01 | <01 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 <1 <1

1345228 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 1.1 28.8

236522 <0.1 <0.1 0.1 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 1.48 14.8

236537 <0.1 <0.1 0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 1.14 23.1

236561 <0.1 <0.1 0.1 0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 30.5

1329983 <0.1 <0.1 0.2 <0.1 <0.01 <0.1 <6 | <01 <0.1 <1 <1 1.56 13.6

1330762+1330763 <0.1 <0.1 0.2 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 30.7

1330786+1330787 <0.1 <0.1 0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 <1

1345437 <0.1 <0.1 0.1 <0.1 <0.01 <0.1 <6 | <0.1 <0.1 <1 <1 2.56 31.6

1345306 <0.1 <0.1 0.1 <0.1 <0.01 <0.1 <6 <0.1 <0.1 <1 <1 <1 30.5

Conclusions

From the ABA analysis, the maximum acid potential result was 2 kg CaC03/t, indicating the samples are not acid generating.

From the sample classifications, 4% of the samples are acidic, 33% are slightly acidic, 6% are neutral, 19% are inert, 31% are slightly basic, 6%

are basic, and 2% are highly basic.

From the TCLP analysis, other than nitrate/nitrite, no significant concentrations were detected.
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GroupeHemispheres

October 3rd, 2014

Mr. Loic Didillon

Howse Minerals Limited (HML)

c/o Tata Steel Minerals Canada Ltd.
1000 Sherbrooke Street, Suite 1120
Montréal, Quebec H3A 3G4

Re: 2013-2014 HYDROLOGICAL CAMPAIGN FOR THE HOWSE PROPERTY
Field Report for Howse Minerals Limited

Our file: PR185-18-13
Your order: HPP-LD-20140813-1

Dear Mr. Didillon,

The Howse Property Project site is located in the Province of Newfoundland and Labrador, approximately
24 km northwest of Schefferville, Quebec. Between August 2013 and September 2014, Groupe
Hémispheéres installed and took stream gauge measurements at four instantaneous hydrometric stations
in the Howse Property Project for Howse Minerals Limited (HML), with the goal of recording the
instantaneous flow of all the watercourses flowing within the project footprint. The team also visited and
took stream gauge measurements at an existing hydrometric station downstream from one of these
watercourses. This field report presents the methodology used to install the hydrometric stations and
take the stream gauging measurements, as well as the data gathered during fieldwork.

Please feel free to contact our office if you have any comments or questions regarding this document.

1 INSTALLATION OF STATIONS AND MEASUREMENTS

1.1 Field Program Chronology
Field logistics for the different field campaigns were jointly managed by Groupe Hémisphéres and HML.

The first fieldwork was conducted by Hugo Robitaille and Corey Einish, a Naskapi assistant from
Kawawachikamach, from August 13 to August 31, 2013. The work included setting up the stations,
measuring the flow, visiting the watershed and validating the local hydrography. A total of three
hydrometric stations were installed.

A lot of rain fell in the region during the month of August, more than twice the monthly average. During
the site visits, the mean daily temperature diminished gradually from +14 °C to +5 °C. Light rain came
down every day during the fieldwork, reaching a maximum of 42.9 mm according to the Schefferville
airport weather station. The 1971-2000 climate normals and daily records from this government station
can be found in Appendix I.
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HOWSE MINERALS LIMITED
2013-2014 HYDROLOGICAL CAMPAIGN FOR THE HOWSE PROPERTY — FIELD REPORT

A second field campaign was conducted by Loic Didillon and Jean-Frangois Dion on April 10, 2014. This
time, the goals were to define the extent of watercourse dryness and to take stream gauging
measurements at lower water levels, if possible. This survey was conducted in snowshoes over a thick
layer of snow.

A third field campaign was conducted by Simon Barrette and Grégory Tison on July 4 and July 5, 2014.

The last field campaign was conducted by Daniel Néron and Jean-Francois Dion, on September 11, 2014,
in order to take stream gauging measurements and add an additional station midcourse in Burnetta
Creek, to better understand its contribution to the system.

1.2 Methodology

The surface water flow investigation involved the installation of temporary stations designed for the
instantaneous measurement of the watercourses during one or more site visits. The main parameters
measured at the hydrometric stations were water elevation and velocity.

The location of all hydrometric stations is shown in Figure 1, and detailed information for each station is
presented in Table 1.

1.2.1 Hydrometric Station Installation

Previous studies have demonstrated that streams in the region are characterized by high flow variability,
for which standard methods of measurement, such as flumes and weirs, are unsuitable, especially in
remote areas with limited mobility and access to construction materials. It was therefore decided that a
natural cross-section of the stream would be used for flow monitoring.

Each hydrometric station was installed in the most uniform, straight section of the stream that could be
found, where a detailed cross-sectional area could be measured. Whenever possible, a uniform bed with
laminar flow, in which there was mean velocity of at least 0.1 m/s, was favoured. Accessibility was also
taken into account. The relationship between depth (from the free surface) and velocity in the stream
section was established through stream gauging under various flow conditions, using two velocity meter
models: the Swoffer 2100 and the GlobalWater FP111. Velocity readings were taken by slowly moving the
propeller up and down at least three times over the height of the water column. The flow rate was
obtained by multiplying the wetted area by the average velocity of the stream. This procedure, although
time consuming, produces very accurate results (Patra, 2010).

A graduated rope was attached from one bank of the stream to the other to ensure the repeatability of
measurements at the same location and to allow for accurate data comparisons within a given time
frame, such as data at high and low flow periods. Column interval varies with the width of the
watercourse. A minimum of eight columns is preferable for optimal measurements over the wet cross-
section.

1.2.2 Flow Estimation
The flow rate was calculated using the relationship between the average water velocity and the wetted
area, according to the following general formula:

Q=VA

Where Q = water flow rate through a cross-section perpendicular to the watercourse (m3/s)
V = water average velocity through a cross-section perpendicular to the watercourse (m/s)
= the wetted area of the cross-section perpendicular to the watercourse (m?2)
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For stations using a culvert, the flow rate is calculated using the California pipe method, based on the
following formula (in U.S. units):

Q = 8.69 (1- a/d)* %8 g8 @

Where Q = flow rate in cubic feet per second
d = pipe diameter in feet

a = distance from the top of the inside surface of the pipe to the
liquid surface, in feet

Flow rate was then converted from feet to metres.

1.2.3 Extent of Watercourse Drying

Low water levels occur at the end of the winter season in Labrador (Rollings 1997), meaning in late March
or early April at this latitude. In order to define the extent of watercourse drying, the team travelled the
watercourses during this period and regularly verified the presence of running water with a pole and an
axe. The exact location of these observations was determined using a GPS apparatus.

1.3 Station Location and Summary

Table 1 shows the location and metadata of the three recently-installed stations and the one reclaimed
from the nearby Taconite project (in progress). The new stations stand at an elevation of between 555
and 637 m a.s.l., while the old one, IHL1A, sits at 520 m a.s.l.

Table 1. Station Location and Metadata

IHH1 Burnetta Creek Upstream | 54.91743 N, -67.16064 W | 2013-08-30 2.716
IHH2 Burnetta Creek Midcourse | 54.91797 N, -67.17927 W | 2014-09-07 4.645
. Stream crossing
IHH3 Lake Pinette Inflow 54.89796 N, -67.12312 W | 2013-08-31 0.660
93 cm @ culvert
IHH4 End of Goodream Creek | 54 95791 N, -67.15383 W | 2013-08-31 13.653
before Triangle Lake
IHL1A Burnetta Lake Outflow | 54.91717 N, -67.20282 W | 2011-09-13 5.812 Nearby station from
LabMag Project
2 RESULTS

Raw data from the flow measurements, including upstream and downstream photographs, is found in
Appendix Il. Instant flow estimates for each station are found in Table 2. Some visits showed that
Burnetta Creek (IHH1 and IHH2) can dry up from midcourse to upstream in both winter and summer. It
should be noted that very low flow rates were recorded at the IHH3 station, even though highly saturated
soil conditions were generally expected because of abundant precipitation.

-
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Table 2. Morphology and Instant Flow Rates

STATION  OBSERVATION WETTED MEAN DEPTH WETTED FLOW RATE
\[e} DATE WIDTH (CM) (cM) AREA (M2) S
IHH1 2013-08-30 225 9.7 0.218 0.011
IHH1 2013-04-10 dry dry dry dry
IHH1 2014-07-04 215 8.4 0.210 0.005
IHH1 2014-09-11 200 7.3 0.145 0.001
IHH2 2013-08-29* dry dry dry dry
IHH2 2014-09-11 97 5.6 0.048 0.001
IHH3 2013-08-31 32 2.1 0.007 0.003
IHH3 2014-07-04 6 0.2 <0.001 <0.001
IHH3 2014-09-07 dry dry dry dry
IHH4 2013-08-31 361 23.6 0.851 0.703
IHH4 2014-07-04 360 15.7 0.565 0.397
IHL1A 2011-09-13 1033 12.2 1.259 0.257

IHL1A 2012-06-16 1053 11.2 1.177 0.285
IHL1A 2013-08-31 1150 15.8 1.820 0.855
IHL1A 2014-07-05 1096 16.5 1.812 0.663

*QObservation by the aquatic fauna team

Surface runoff is affected by many factors, the most relevant being climate, physiography, land cover and
geology. These factors exhibit local coherence, as does runoff. However, in a gauging network, the
principal cause of flow rate (Q) variability is the varying size of the gauged drainage area (Da) (Church,
1997). Specific runoff (Q/Da) is a method for examining true local hydrology by discounting the effect of
drainage basin area. Specific runoff for each station is found in Table 3. Compared to a mean annual
regionally-specific runoff of 20.5 L/s/km2 (NML and PFWA, 2009), it can be said that the first three
stations show very low flow rates, while the IHH4 and IHL1A downstream stations experience higher flow
rates.

Table 3. Specific Runoff

STATION WATERCOURSE/ AVERAGE FLOW RATE SPECIFIC RUNOFF
NO. SECTION NAME (M3/S) (L/S/KM=)
IHH1 Burnetta Creek Upstream 0.006 2.08
IHH2 Burnetta Creek Midcourse 0.001* 0.22*

IHH3 Lake Pinette Inflow 0.001 1.77

IHH4 End of Goo_dream Creek 0.550 40.29
before Triangle Lake

IHL1A Burnetta Lake Outflow 0.515 88.64

*Based on the only measurement available

GroupeHemispheres 5
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3 CONCLUSION

The installation of four instantaneous stations allowed the size and flow rate of the watercourses within
the Howse Project footprint to be assessed. The watercourse flow rate monitored for one of these
stations, Lake Pinette Inflow (IHH3), was quite low. When taking the drainage area into account, the
same can be said about upstream stations IHH1 and IHH2. Specific runoff analysis reveals a high flow
rate for downstream stations compared to hydrometric reference stations. The measured flow rates
represent instantaneous values for the summer period only.
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Climate
Home > Data

Daily Data
Daily Data Report for August 2013

Metadata including Station Name, Province, Latitude, Longitude, Elevation, Climate ID, WMO ID,
TCID

SCHEFFERVILLE A
QUEBEC

Latitude: = 54248/00.000°N jopgitude: | 66248/00.000° W | Elevation: 517.20m
Climate ID: 7117827 WMO ID: 71828 IC ID: GKL

Daily Data Report for August 2013

Max Min Mean Heat Deg Cool Deg Total Total Jotal Snow on Dir of Max Spd of Max
Temp = Temp | Temp Days Days Rain | Snow | Precip smd | Toge | Gust
2 26 2c mm m mm m 10's deg km/h
DAY
a1 23.7 8.4 16.1 1.9 0.0 M M M <31
02t | 231 12.3 17.7 0.3 0.0 M M M <31
9 * | 174 12.9 15.0 3.0 0.0 M M M <31
04t | 14.4 10.5 12.5 5.5 0.0 M M 29.0 <31
a5t | 155 2.9 12.7 5.3 0.0 M M M <31
ost | 15.2 10.5 12.9 5.1 0.0 M M M <31
971 | 195 11.4 15.5 2.5 0.0 M M 0.0 <31
o8t | 233 10.9 17.1 0.9 0.0 M M 29 18 44
031 | 17.6 11.6 14.6 3.4 0.0 M M M <31
10+ | 141 9.5 1.8 6.2 0.0 M M 48.3 34 50
11t 10.1 7.2 8.7 9.3 0.0 M M 12.4 33 52
12t | 91 4.8 7.0 11.0 0.0 M M 13.9 34 S0
13t | 150 6.4 10.7 7.3 0.0 M M M <3
14% | 167 S5.8E 11.3E 6.7E 0.0E M M M <31
15T 16.8 6.6 11.7 6.3 0.0 M M 0.0 1 39
16t | 19.5 6.8 13.2 4.8 0.0 M M 0.4 <31
17
st | 19.8 8.8 14.3 3.7 0.0 M M 4.4 32 39
19* 11.3 1.6 6.5 11.5 0.0 M M 0.8 35 41
20% 15.2 0.4 7.8 10.2 0.0 M M 5.4 18 41
21: | 212 14.3 17.7 0.3 0.0 M M 19.0 25 37
X | 146 7.0 10.8 7.2 0.0 M M 42.9 31 48

23% | 115 1.9 6.7 11.3 0.0 M M 0.4 31 46
241 13.1 2.0 7.6 10.4 0.0 M M 0.0 25 52
2% | 198 5.6 12.7 5.3 0.0 M M 0.3 24 39
281 16.1 10.8 13.5 4.5 0.0 M M 3.1 <31
27t | 12,0 2.0 7.0 11.0 0.0 M M 4,2 34 37
28t | M -1.1E M M M M M M <31
29t | 17.5 2.3 9.9 8.1 0.0 M M 4.6 22 56

0t | 13.0 ia T 10.3 0.0 M M M <31
31t | 7.7 -0.4 3.7 14.3 0.0 M M 0.0 32E 43E
Sz 187.6* 0.0* 0.0* 0.0* 192.0*
Avgq | 16.0% 6.8% 11.5¢
Xtem | 23.7% -1.1r 22* s6%
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Daily Data Report for September 2013

Latitude:
Climate ID:
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Summary, average and extreme values are based on the data above.
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http:ffelimate weather.ge ca/climate Data/daily data_e html?timeframe=2..

Canada

QUEBEC
54°48'10.000" N Longitude: | 66°48'19.000" W | Elevation: = 520.90m
7117823 WMO ID: 71921 JCID: YKL
Mean HeatDeg Cool Deg TYotal Total Total Snow on DIr of Max Spd of Max
Temp Days Days Rain  Snow  Precip Grnd FiGiat | Gust
°© mm cm mm cm km/h
< L = —_— _— 10's deg —
4.5 13.5 0.0 M ™ 0.0 32 32
6.9 11.1 0.0 M ™ 0.0 14 33
8.1 9.9 0.0 M M 3.6 16 43
8.1 9.9 0.0 M ™ 4.3 25 63
3.8 14.2 0.0 M M 2.5 23 69
5.6 12.4 0.0 M M 3.3 26 48
4.3 13.7 0.0 M M 0.3 <31
2.2 158 0.0 M M 0.0 33 32
4,1 139 0.0 M M 5.3 29 61
0.9 17.1 0.0 M M 0.0 32 46
4.2 13.8 0.0 M ™ 0.0 19 43
5.6 12 .4 0.0 M M 10.1 36 33
0.6 17.4 0.0 M M 0.0 1 43
2.3 15.7 0.0 M M 4.0 17 39
4.7 13.3 0.0 M M 2.9 28 57
0.3 17.7 0.0 M M 0.3 29 59
3.7 14.3 0.0 M M 15.8 26 69
1.2 16.8 0.0 M M 4.3 34 50
-0.9 18.9 0.0 M M 0.0 30 33
1.1 16.9 0.0 M M 6.3 15 46
7.8 10.2 0.0 M M 19.0 16 46
4.9 13.1 0.0 M ™ 0.3 34 43
2.3 15.7 0.0 M M 0.0 1 44
2.7 15.3 0.0 M ™ 0.0 <31
7.3 10.7 0.0 M ™ 0.0 <31
9.5 8.5 0.0 M i} 0.0 <31
10.7 7.3 0.0 M M 0.0 26 32
14.7 3.3 0.0 M M 0.0 26 63
17.9 0.1 0.0 M M 0.0 23 57
10.7 7.3 0.0 M M 0.0 28 46
380.2 0.0 0.0~ 0.0~ 82.8
5.3
26 695



Daily Data Report for July 2014
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Home > Data

Daily Data Report for July 2014

SCHEFFERVILLE A
QUEBEC
Latitude: 54°48'19.000" N = Longitude: = 66°48'19.000" W
Climate ID: 7117823 WMO ID: 71921
Max Min Mean HeatDeg Cool D Total Total
JYemp Temp Temp Days Days Rain  Snow
5 °c h mm  cm

DAY
01% 25.2 15.0 20,1 0.0 2.1 M M
0z 22,9 154 19,2 0.0 1.2 M M
03% 156 6.7 11.2 6.8 0.0 M M
04% 125 5.6 9.1 8.9 0.0 M M
0s*18.1 5.5 11.8 6.2 0.0 M M
6% 184 7.9 13.2 4.8 0.0 i} M
07150 3.4 9.2 8.8 0.0 M M
DB* 18.1 3.1 10.6 7.4 0.0 M M
09t 138 7.4 10.6 7.4 0.0 M ™M
10% 147 8.6 117 6.3 0.0 M M
11% 132 8.1 10.7 7.3 0.0 M M
12% 19.4 8.0 13.7 4,3 0.0 M M
13% 188 11.6 152 2.8 0.0 M M
14% 115 9.3 10.4 7.6 0.0 M M
15% 17.2 101 13,7 4,3 0.0 M M
16% 20.2 11.4 158 2.2 0.0 M M
17% 145 6.2 10.4 7.6 0.0 M M
18% 205 4.8 12,7 5.3 0.0 M M
19% 25.7 11.4 186 0.0 0.6 M M
20% 279 13.2 206 0.0 2.6 M M
21 % 27.8 12.1 200 0.0 2.0 M M
22% 218 129 17.4 0.6 0.0 M M
23+ 135 7.7 10.6 7.4 0.0 M M
24% 149 5.9 10.4 7.6 0.0 M M
25% 16.1 9.6 12.9 5.1 0.0 M M
26% 148 8.2 11.5 6.5 0.0 M M
27% 173 8.2 12.8 5.2 0.0 M M
2% 16,6 8.9 12.8 5.2 0.0 M M
29% 1834 8.4 13.4 4.6 0.0 M M
30% 196 8.0 13.8 4.2 0.0 M M
31221 7.3 14.7 3.3 0.0 M M
Sum 147.7 8.5 0.0~ 0.0~
Avg 183 8.7 13.5
Xtrm27.9 3.1

httpeifelimate.weather.ge.ca/climate Data/daily data_e.html?timeframe=2...

Canada

Elevation: 520.90 m
ICID: YKL
m Snow on Dir of Maxuﬂ LM
Precip Grnd ~ Gust | Gust
mm cm m/h
—_— — 10's deg —_—
4.1 30 46
4.6 22 43
1.1 24 65
0.8 29 56
0.0 <31
0.8 33 44
0.5 31 52
0.0 <31
1201 10 44
4.1 29 67
1.3 32 43
1.0 27 32
0.3 11 33
13.6 11 44
3.3 <31
5.1 36 32
0.3 <31
0.0 30 35
M 26 33
0.0 25 37
0.0 26 44
503 27 57
13.3 33 44
0.0 27 43
0.6 26 43
12.5 14 37
2.4 16 32
13.6 24 33
28.1 25 39
0.0 28 56
0.0 <31
128.8~
29 67

Summary, average and extreme values are based on the data above.
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Climate

Home > Data

Daily Data Report for September 2014

SCHEFFERVILLE A
QUEBEC

Latitude: 54°48'19.000" N = Longitudes 66°48'19.000" W
Climate ID: 7117823

DAY

01* 169 6.3
02*187 8.0
D3f13.8 6.5
D4 139 56
05+ 12.4 4.8
D6% 127 2.3
07% 105 3.8
ot 110 3.6
DoEmM 3.6E
0% 7.7 1.5
11% 5.5 -0.3
12% 5.5 -0.1
13f M M
14 * 8.2 3.6
15 * 9.9 1.3
16% 105 0.6
17 4.3 -2.0
i8% 43 -2.9
19% 5.1 -1.0
20% 7.6 0.3
21% 7.2 2.2
22%26 -0.9
22t 0.3 -2.7
24% 123 -1.2
25% 125 1.7
26% 8.6 1.6
27 M 1.1E
28% 3.4 -3.5
29 % -0.6 -4.1
3031 -5.0
Sum

Avg 8.5~ 1.2~
Xtrm18.7~  -5.0°

Notes on Data Quality.
Legend

Jemp
°C

11.6
13.4
10.2

2.4
-1.0

4.8~

WMO ID: 71921

Heat Deg Cool Deg Total

Days Days Rain

mm
6.4 0.0 ™M
4.6 0.0 M
7.8 0.0 M
8.2 0.0 ™M
9.4 0.0 ™M
10.5 0.0 M
108 0.0 ™M
10.7 0.0 ™M
M M M
13.4 0.0 ™M
15.4 0.0 M
15.3 0.0 M
M M M
12.1 0.0 ™
12.4 0.0 M
12.4 0.0 M
16.6 0.0 M
17.0 0.0 M
159 0.0 M
14.0 0.0 M
13.3 0.0 M
17.1 0.0 M
19.2 0.0 ™M
12.4 0.0 M
109 0.0 M
12.9 0.0 M
M i} M
18.1 0.0 M
20.4 0.0 ™M
19.0 0.0 ™M

356.2~ 0.0~ 0.0~

Tota
Snow
cm

FEREEREEERERERERERERRRE R ZERERERRERRIZRIZ

o

.0

Elevation: | 520.90m

TCI1D: YKL
Total Snow on
Precip Grnd

mm cm

0.0
0.z
95.0~

Canada

Dir ufnmgs d of Max

Gust
10'sdeg /R
22 33
21 57
28 56
30 57
11 56
26 56
34 137
27 37
23 70
30 45
2 48
34 54
25 39
<31
25 33
25 39
28 67
28 44
30 46
23 44
<31
35 54
32 52
28 52
31 61
34 46
33 41
33 52
33 52
28 61
23 70

Summary, average and extreme values are based on the data above.

* [empty] = No data available

* M = Missing
* E = Estimated
* A = Accumulated

e C = Precipitation occurred, amount uncertain

# L = Precipitation may or may not have occurred

* F = Accumulated and estimated

* N = Temperature missing but known to be > 0

* ¥ = Temperature missing but known to be < 0

® S = More than one occurrence

* T = Trace

* * = The value displayed is based on incomplete data

» t = Data for this day has undergone only preliminary quality chacking

= # = Partner data that is not subject to review by the National Climate Archives

GroupeHemispheres
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Canadian Climate Normals 1971-2000 Station Data
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3 of Canada du Canada

Climate

Home > Data > Climate Normals & Averages

Canadian Climate Normals 1971-2000 Station Data

http://climate.weather.gc.ca/climate_normals/results_e.html ?stnID=6098...

1+

Canada

The minimum number of years used to calculate these Normals is indicated by a code for each element. A "+" beside an extreme date indicates that this date is
the first occurrence of the extreme value. Values and dates in bold indicate all-time extremes for the location.

Data used in the calculation of these Normals may be subject to further quality assurance checks. This may result in minor changes to some values presented

here.

Metadata including Station Name, Province, Latitude, Longitude, Elevation, Climate ID, WMO 1D,
TCID

SCHEFFERVILLE A
QUEBEC

Latitude: = 54°48'00.000" N ' |ongitude: 66°49'00.000" W ' Elevation: 521.80 m

Climate ID: 7117825 WMo ID: 71828 TC ID: YKL
1971 to 2000 Canadian Climate Normals station data
Jan Feb Mar Apr May Jun Jul Aug

Temperature:

Daily Average (°C) -24.1 -22.6 -16 -7.3 1.2 8.5 12.4 11.2
Standard Deviation 3 3.5 3.3 2.6 1.8 1.8 1 1.2
Daily Maximum (°C) -19 -16.9 -9.8 -1.5 6 13.7 17.2 15.8
Daily Minimum (°C) -29.2 -28.1 -22.2 -13.1 -3.6 3.3 7.6 6.5
Extreme Maximum 5.1 5.1 9.4 13.1 28.3 34.3 31.7 28.7
(°C)
Extreme Minimum (°C) -48.3 -50.6 -45 -36.1 -23.3 -7.8 0 -3.3
Precipitation:
Rainfall (mm) 0.2 0.2 1.6 8.4 27.7 65.4 106.8 82.8
Snowfall (cm) 57.4 42.6 56.6 54.8 22.9 8 0.5 1.7
Precipitation (mm) 53.2 38.7 53.3 61.4 52.1 73.7 107.2 84.5
Average Snow Depth = 62 70 71 69 18 0 0 0
(cm)
Median Snow Depth 60 70 70 71 12 0 0 0
(cm)
Snow Depth at 71 71 76 49 2 0 0 0
Month-end (cm)
Extreme Daily Rainfall = 24.6 2.8 10.6 23.4 29.5 51.3 54.4 485
(mm)
Extreme Daily 30.6 29 36.4 30.2 33.2 23.7 9 23.9
Snowfall (cm)
Extreme Daily 29 29 36.8 32.8 33.8 51.3 54.4 48.5
Precipitation (mm)
Extreme Snow Depth 163 188 190 163 132 38 0 18
(cm)

Days with Maximum Temperature:

<=0 °C 30.6 27.6 27.6 17.5 3.8 0.13 0 0
>0 °C 0.41 0.65 3.4 12.5 27.2 29.9 31 31
> 10 °C 0 0 0 0.39 6.6 20.8 29.1 27.3
> 20 °C 0 0 0 0 0.39 4.6 9.2 6.5
> 30 °C 0 0 0 0 0 0.22 0 0

> 35 °C 0 0 0 0 0 0 0 0

Sep

5.4
1.5
8.9
1.7

26.7

-9.4

12.7

98.4

45.2

28.4

49

18

29.5
11.2

0.43

Oct

-1.7

1.7

1.3

20.6

-19.4

24.4

12

34.3

35.6

18.9

0.80

Nov

-9.8

2.3

-6.1

-13.5

9.8

-35.6

4.5

69.4

26

26

41

34.8

29

89

26

Dec

-20.6

-15.9

-25.2

-47.2

0.9

48

53

5.8

25.4

24.6

Year Code

-5.3 c
1.2 Cc
-0.5 c
-10 Cc
408.1 9
440.5 9
822.9 C
31 c
30 C
31 9
176.4 9
188.9 C
96.1 c
21.1 9
0.22 9
0 C
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Canadian Climate Normals 1971-2000 Station Data

>0 °C

<=2°C

<=0 °C

<-2°C

< -10 °C

< -20 °C

<=-30°C

>= 0.2 mm

>=5mm

>=10 mm

>= 25 mm

>= 0.2 cm

>=5cm

>=10cm

>=25cm

>= 0.2 mm

>=5 mm

>=10 mm

>= 25 mm

>=1cm

>=5cm

>=10 cm

>= 20 cm

Speed (km/h)

Most Frequent

Direction

Maximum Hourly
Speed (km/h)

Maximum Gust Speed

(km/h)

Direction of Maximum

Gust

Days with Winds >=

52 km/h

Days with Winds >=

63 km/h

Above 24 °C

2 sur 4

Jan

31
31
31

30.3

16.1

0.30

31
31
31

30.8

16.4

NW

134

1.7

0.7

Feb

28.3
28.3
28.1
27.5
23.9

12.8

0.30

14.3
2.4

0.91

28.3
28.3
28.3

28.3

16.8

NW

97

148

=

1.4

0.5

Mar

31
31
30.6
27.4
19

6.4

16.6
3.2

1.4

16.4
3.1

1.1

31
31
31

31

17.4

W

83

148

0.4

http://climate.weather.gc.ca/climate_normals/results_e.html ?stnID=6098...

Apr May Jun Jul

Aug

Days with Minimum Temperature:

0.91 6.4 23 31

29.9 28.4 13.1 0.52

29.1 24.6 7 0

27.2 18.9 2.1 0

18.8 2.3 0 0
6 0.04 0 0
0.22 0 0 0

Days with Rainfall:
2.9 8.6 14.7 19

0.52 1.7 4.3 6.7
0.13 0.48 2 3.3
0 0 0.13 0.48
Days With Snowfall:
14.6 10.3 3.4 0.17
3.3 1 0.35 0.04
1.4 0.39 0.13 0

0.30 0.04 0 0

Days with Precipitation:

16.2 15.8 16.1 19

3.8 3.2 4.7 6.7

1.5 1.3 2.2 3.3

0.30 0.09 0.22 0.48

Days with Snow Depth:

30 21.7 1.1 0
29 16.8 0.70 0
28.5 13.8 0.52 0

27.9 10.3 0.22 0

16.5 16 16.2 15.1

NWONW MW NW

77 66 97 65

130 101 126 103

=
=
=
=

1.1 0.9 0.4 0.6

0.2 0.1 0.1 0.2

Degree Days:
0 0 0.2 0

30.7

2.2

18.4

5.2

2.7

18.4

5.3

2.8

=

0.4

0.1

Sep

19.6
17.3
10.5

3.6

17.2
5.4
2.4

0.48

6.4

20.4
6.3

2.7

16.9

NW

80

137

0.8

0.1

Oct

3.5

7.3

1.6

19

3.7

1.1

1.1

0.1

Nov

0.43
29.8
29.6
29

19.6

5.3

NW

84

142

0.3

Dec

0.05
31

31

9.6

0.64

0.05

19.2
3.2
1.4

0.05

19

1.4

31
31
31

29.2

16

NW

80

153

0.6

Year Code

1155 C
2719 | C
249.8  C
2229 C
159.3 C
104.1  C
45.3 C
92.2 C
25.7 C
11.9 C
1.3 C
1429 C
26.5 C
9.9 C
0.94 C
2159 | C
51.5 C
21.9 [
2.4 C
2207  C
2051 C
1953  C
178.1  C
16.5 A
N A
sw

13.9 C
3.3 C
0.2 C
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Canadian Climate Normals 1971-2000 Station Data

Jan Feb
Above 18 °C 0 0
Above 15 °C 0 0
Above 10 °C 0 0
Above 5 °C 0 0
Above 0 °C 0 0.1
Below 0 °C 741.7 637.9
Below 5 °C 896.7 779.2
Below 10 °C 1051.7 920.5
Below 15 °C 1206.7 1061.8
Below 18 °C 1299.7 1146.5
Total Hours 80.4 116.3
Days with 20.6 22.3
measureable
% of possible daylight 32.9 42.6
hours
Extreme Daily 8 10.5
Extreme Humidex 5.5 4.6
Days with Humidex >= 0 0
30
Days with Humidex >= 0 0
35
Days with Humidex >= 0 0
40
Extreme Wind Chill -66.2 -60.2
Days with Wind Chill < 29.7 26.7
-20
Days with Wind Chill < 26.6 22.6
-30
Days with Wind Chill < 16.6 13.2
-40
Average Vapour 0.1 0.1
Pressure (kPa)
Average Relative 65.1 65.6
Humidity - 0600LST
(%)
Average Relative 63.7 60.3
Humidity - 1500LST
(%)
Average Station 94.4 94.6
Pressure (kPa)
101.1 101.3

Average Sea Level
Pressure (kPa)

3 sur 4

Mar

0

0.6

497.1

651.5

806.5

961.5

1054.5

156.4

24.7

42.7

-56.9

24.9

17

5.9

0.2

69

59.8

94.8

101.4

Apr

0.3
9.5
228.5
369.3
519
669

759

173

24.3

41

14.7

12.8

-43.6

13.5

3.4

0.2

0.3

76.9

62.2

95.1

101.6

http://climate.weather.gc.ca/climate_normals/results_e.html ?stnID=6098...

May Jun
0 2.8

0 8.9
1.7 40.4
15.7 123.3
77.7 256.5
39.5 0.7
132.6 17.5
273.6 = 84.7
426.9 @ 203.1
519.9 287

Jul
2.9

89.3

230.3

385.1

0.2

14.2

95.3

175.8

Bright Sunshine:

187.4 179.9
26.4 25.5
37.6 34.8
16.5 17
Humidex:
26.8 35.7
0 0.3
0 0
0 0
Wind Chill:
-36.6 -14
0.8 0
0.1 0
0 0
Humidity:
0.5 0.8
77.2 76
60.3 56.6
Pressure:
95.1 94.9
101.5 101.2
Radiation:

188.1

27.7

36.3

16.8

37.3

0.2

-7.1

79.2

59.2

94.9

101.1

Aug
1.4

10.6
66
192.4

345.9

1.5
30.1
129.7

213.5

173.3

27.2

37.4

15.1

32

0.1

-8.1

81

59.4

95

101.3

Sep
0.1

0.7

8.9

163.1
2.7
40.9
148.5
290.4

379.7

22.3

24

12.2

30.5

-14.8

0.7

84.8

67.7

94.9

101.2

Oct

2.6

28.9

210.2

362.6

517.6

610.6

-31.6

0.1

0.5

82.3

95

101.4

Nov

0.2

2.6

296.3

443.8

593.6

743.6

833.6

8.4

10.6

-44.1

14.3

2.8

0.2

0.3

80.3

94.7

101.2

Dec

0.1

637.6

792.5

947.5

1102.5

1195.5

58.2

18.1

-58.5

19.3

8.8

0.1

70.8

94.6

101.3

Year Code
7.2 C
35.7 C
206.4 C
615.9 (o
1270.1 C
3163.6 C
43358 C
5752.6 C
7408.1 C
84755 C
1513.9 D
276.1 D
32.7 D

(o
0.7 A
0 A
0 A

138 A
92 A
44.8 A
0.5 A
75.7 A
64 A
94.8 A
101.3 A

2014-02-28 1:31 PM



Canadian Climate Normals 1971-2000 Station Data

4 sur 4

Jan Feb Mar Apr May Jun Jul Aug
Extreme Global - RF1 6.6 13.5 21.8 27.4 29.7 33.7 32.1 27.7
(MJ/m2)
Extreme Net - RF4 0.6 2.3 1.7 13.9 17.2 18.2 16 15
(MJ/m2)
Visibility (hours with):
<1 km 25.8 20.6 17.8 19.8 13.4 7.9 2.7 1.7
1 to 9 km 171.9 137.5 134.7 117.3  90.3 70.4 60.2 47.7
> 9 km 546.4 520.8 591.6 583 640.3 641.7 681.2 694.6
Cloud Amount (hours with):
0 to 2 tenths 237.4 223.2 215.3 172.5 132 84.6 79.5 94.2
3 to 7 tenths 151.5 138.9 133 121.6 127.5 156 172.4 180.5
8 to 10 tenths 355.1  316.2 | 395.8 4259 484.5 479.5 492 469.4

Legend

Sep
20.4

10.5

6.2

628.6

71

130.2

518.9

Oct
12.9

5.2

135.9

592.9

58.6

101.9

583.5

Nov

7.6

0.8

158.1

538.4

110.9

513.6

Dec

4.5

-0.6

18.6

169.7

555.8

223.9

133.5

386.7

A = WMO "3 and 5 rule" (i.e. no more than 3 consecutive and no more than 5 total missing for either temperature or precipitation)

B = At least 25 years
C = At least 20 years
D = At least 15 years

http://climate.weather.gc.ca/climate_normals/results_e.html ?stnID=6098...

Year Code

173 D
1378.8 D
72152 D
1687.6 D
1657.6 D
5421 | D

Date modified: 2014-02-13

2014-02-28 1:31 PM
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Detailed Data and Photos from the Hydrometric Stations
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Project: Howse

Hydrometric station no: IH H 1

Burnetta Creek, upstream

General information Probe information
Type: Instant Probe dealer:
Probe serial:
Geographical information Probe unit:
Latitude (Nad83):  54.91743 High watermark: 33 cm
Longitude (Nad83): -67.16064 .
—_— Probe elevation: cm
Altitude: 588 m
Drainage area: 2.716 km? Cross-section invert: cm
Probe offset: cm
Weather connection
Rain station: Startup date: ~ 30-08-2013
Barometric station: Last record date:

Gauging information
Calibration curve type:

Q=aH’

Constante 'a":
Constante 'b':
R%

extrapolation: cm

Calculated Flow and Precipitation, per day




Project: Howse

Hydrometric station no:

IHH1

Burnetta Creek, upstream

Cross-Section Surveying and Gauging

Distance* (cm):| 0 | 25 | 50 | 75 | 100 125 | 150 | 175 | 200 | 225 | 250 | 275| 300 325 | 350 | 375 400 | 425 | 450 |

Topo** (cm):| 15 | 17 | 21 | 26 [315] 34 | 45 [195| 58 | 61 | 62 | 65 |64,5| 63 [675/705] 71 [465]265] | [ | | | | |
Date:| 30-08-2013| Depth (cm): 3 /65| 7 |10/95| 8 | 12| 15| 16
Head: cm  Speed (m/s): | 0.00| 0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.03|0.00|0.00|0.03|0.12|0.09|0.12|0.00 | 0.00|0.00| 0.00 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00 | 0.00| 0.00 | 0.00 | 0.00
Tech.: HR & CE
Date:| 04-07-2014| Depth (cm): 1|55|64|93|116[121|127/122] 13| 0 | 0
Head: cm  Speed (m/s): | 0.00| 0.00 | 0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.02|0.02|0.09|0.03|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00 0.00|0.00|0.00|0.00|0.00
Tech.: SB
Date:| 11-09-2014| Depth (cm): 2 5 6 10 9 | 75| 65| 12
Head: cm  Speed (m/s): 0.00/0.00|0.00|0.01|0.01|0.03|0.010.00
Tech.: DN
* The vertical distance from a defined zero point on the left bank
** Depth of the vertical, fromthe rope to the bed of the stream
Cross-Section Drawing
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Project: Howse

Probe (if applicable)

Hydrometric station no:

IHH1

Instant

Box (if applicable)




Project: Howse

Hydrometric station no: IH H2
Burnetta Creek, midcourse

General information Probe information
Type: Instant Probe dealer:
Probe serial:
Geographical information Probe unit:
Latitude (Nad83):  54.91797 High water mark: 0 cm
Longitude (Nad83): -67.17927 .
—_— Probe elevation: cm
Altitude: 555 m
Drainage area: km? Cross-section invert: cm
Probe offset: cm
Weather connection
Rain station: Startup date:  11-09-2014
Barometric station: Last record date:

Gauging information
Calibration curve type:

Q=aH’

Constante 'a":
Constante 'b':
R%

extrapolation: cm

Calculated Flow and Precipitation, per day




Hydrometric station no: |H H2
Burnetta Creek, midcourse

Cross-Section Surveying and Gauging

Project: Howse

Distance* (cm):| 0 | 50 | 60 | 70 | 80 | 90 | 100| 110] 120| 125] 150 170
Topo**(cm):| 10 | 30 | 33 [ 36 | 38 [ 39 [ 40|37 [ 372017 0 | 0 |

Date:| 11-09-2014| Depth (cm): 0 3 6 8 9 10 7 7 0
Head: cm  Speed (m/s): 0.00]0.01|0.02|0.04|0.04|0.05|0.02|0.01|0.00
Tech.: DN

* The vertical distance from a defined zero point on the left bank

** Depth of the vertical, fromthe rope to the bed of the stream
Cross-Section Drawing

LMHE
1

10E:

—
]
M

[
9]

Elevation (cm)
rJ
o

w
o
Hp

= |

[
o
ua]

=
t t t t t t l? B t t t t t
0 10 20 30 40 50 &0 70 a0 Q0 100 110 120 130 140 150 160 170

Distance (cm)

S
O



Project: Howse

Upstrea

Probe (if applicable)

Downstream

Hydrometric station no:

IHH2

Instant

Box (if applicable)




Project: Howse

Hydrometric station no: IH H 3
Lake Pinette Inflow

General information Probe information
Type: Instant Probe dealer:
Probe serial:
Geographical information Probe unit:
Latitude (Nad83):  54.89796 High water mark: cm
Longitude (Nad83): -67.12312 .
B ——— Probe elevation: cm
Altitude: 637 m
Drainage area: 0.66 km? Cross-section invert: cm
Probe offset: cm
Weather connection
Rain station: Startup date: ~ 31-08-2013
Barometric station: Last record date:

Gauging information
Calibration curve type:

Q=aH’

Constante 'a":
Constante 'b':
R%

extrapolation: cm

Calculated Flow and Precipitation, per day




Project: Howse

Date:
Head:
Tech.:

Date:
Head:
Tech.:

Date:
Head:
Tech.:

* The vertical distance from a defined zero point on the left bank
** Depth of the vertical, fromthe rope to the bed of the stream

Distance* (cm): ‘
Topo™* (cm): ‘

31-08-2013| Depth (cm):

1,5 |cm  Speed (m/s):

HR & CE

SB

DN & GF

Hydrometric station no: IH H 3
Lake Pinette Inflow

Cross-Section Surveying and Gauging

04-07-2014| Depth (cm):

0,2 [ecm  Speed (m/s):

07-09-2014| Depth (cm):

0 jem Speed (m/s):

Cross-Section Drawing

ChartData(): Invalid wvalue.
Series 1



Project: Howse Hydrometric station no: | H H3

Instant

Upstream Downstream

Probe (if applicable) Box (if applicable)




Project: Howse

Hydrometric station no:

End of Goodream Creek before Triangle Lake

IHH4

General information

Type: Instant

Geographical information

Latitude (Nad83):  54.92791

Longitude (Nad83): -67.15383

Altitude: 590 m
Drainage area: 13.653 km?

Weather connection

Rain station:

Barometric station:

Probe information

Probe dealer:

Probe serial:

Probe unit:

High water mark: -50 cm

Probe elevation: cm
Cross-section invert: cm
Probe offset: cm

Startup date:  31-08-2013

Last record date:

Gauging information
Calibration curve type:

Q=aH’

Constante 'a":
Constante 'b':
R%

extrapolation: cm

Calculated Flow and Precipitation, per day




Project: Howse Hydrometric station no: IH H4
End of Goodream Creek before Triangle Lake

Cross-Section Surveying and Gauging

Distance* (cm):|_ 0 | 50 | 100 117 | 150 | 200 | 250 | 300 | 350 | 400 430|450 500 | |
Topo™(cm):| 10 | 12 [ 32 | 81 | 89 | 85 [100/ 92 | 93|77 |74 6037 [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ |

Date: 31-08-2013| Depth (cm): 16 | 24 (245 43 | 32 | 28 | 14 | 7
Head: cm  Speed (m/s):| 0.00|0.00 | 0.00|0.06|0.06|0.98 1.34|1.10|0.46 | 0.76 | 0.67 | 0.00 | 0.00 | 0.00 | 0.00|0.00|0.00 | 0.00 | 0.00|0.00|0.00|0.00 | 0.00 | 0.00|0.00|0.00|0.00|0.00 | 0.00 | 0.00

Tech.: HR & CE
Date:| 04-07-2014| Depth (cm): 10 |205] 13 | 27 | 19 | 23 8 5
Head: cm  Speed (m/s): [ 0.00|0.00|0.00|0.21|0.37|0.98|1.13|1.34|0.03|0.09 | 0.46|0.00|0.00| 0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00
Tech.: SB

Date: Depth (cm):
Head: cm  Speed (m/s):
Tech.: DN

* The vertical distance from a defined zero point on the left bank
** Depth of the vertical, fromthe rope to the bed of the stream

Cross-Section Drawing
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Project: Howse

Upstream

Probe (if applicable)

Downstream

Hydrometric station no:

IHH4

Instant

Box (if applicable)
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1 INTRODUCTION

Tata Steel Minerals Canada Limited (TSMC) is presently mining several open pits in the direct
shipping ore, some up to 35 km from its plant site and in frozen ground conditions. It is planning

to begin mining the nearby Howse DSO iron ore deposit located 4 km from the plant site.

The Howse deposit is located in the province of Newfoundland and Labrador approximately 25
km north of Schefferville, which is 570 km north of Sept-Tles, Québec. The Howse DSO deposit
is confined in license 021315M, and covers a surface area of 24 hectares. Howse Mineral
Limited (HML) owns 100% interest in the Howse property and it is wholly-owned subsidiary of

TSMC.

Although large-scale occurrences of melting permafrost in northern environments are common
(e.g. see Figure 1-1), these occurrences are mainly related to presence of ice-rich saline clays and
silt which were deposited during the marine invasion which flooded far in land from the coast
line following primary the wide river valley (see Figure 1-2). Such saline permafrost can melt at
-2°C, depending on the salt content. As clearly demonstrated in Figures 1-2, these easily-
disturbed regions of saline permafrost occurred at elevations below 120 m, which is not the case
for the Howse deposit, located at 680 m asl. Therefore it is important to situate the Howse site

with respect to the many occurrences of melting permafrost.
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Figure 1-1: Melting ice rich fine grain permafrost
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Figure 1-2: Postglacial Marine Limits in Northern Quebec, Relative to Schefferville
(Adapted from Gray et al., 1993).
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2 SCOPE OF WORK

Howse Mineral Limited (HML) retained the services of Journeaux Assoc, a division of LAB
JOURNEAUX INC., to assess the presence of permafrost at the Howse deposit. Journeaux

Assoc's mandate was twofold.

First, a thorough review of all available past and present information on permafrost occurrences
in the area was completed. We assessed previous work related to ground temperature as recorded
by McGill researchers (Granberg et al., 1983) during the Iron Ore Company of Canada (I0OC)’s
mining activities, commencing in the 1950s. These reports focus specifically on frozen ground

conditions.

Second, Journeaux Assoc conducted two visits of the Howse Site. The first visit was carried out
in June 2015 to evaluate the presence of permafrost in the Howse deposit by taking
measurements of ground water level and temperature within a thermistor installed by Golder
Associates in 2013. During the second visit in July 2015, existing thermistors which were
installed in the 1980s by McGill University researchers in Howse deposit during I0C mining
operations were located. Since the shutdown of 10C in the 1980s, no further readings were taken
from those installed thermistors.

Figure 2-1 below shows the location of the various pits in the Millennium Iron Ore Range.
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Figure 2-1: Location Plan for Howse Ore Body and DSO Iron ore Pits

Additional sources of information

e Journeaux Assoc. also reviewed information provided by Geofor Environment (Geofor),

who has considerable hydrogeological information on the iron ore range, particularly in
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the Howse area but also on other pits in the surrounding region. This information was to

be reviewed to obtain any useful input on frozen ground conditions in the Howse area.

e In 2013, Golder Associates (Golder) installed one thermistor and two (2) temperature

gauges. These temperature gauges were destroyed after one year of installation.

e Palmer Environmental Consulting Group (PECG) reviewed the permafrost articles
published mainly by McGill research station and produced a permafrost assessment

memorandum.

The present report contains all the information gathered from different sources. It has been
assembled in charts and tables for simplicity, with some photographs for clarity. Data is
presented on daily temperatures, freezing and thawing indices, precipitation records and

groundwater levels.

Known permanently frozen ground conditions in the area are reported according to elevations;
this information that is absent in most data found in McGill and IOCC published reports. Finally

the report comments on the relationship between permafrost and Howse mining operations.

3 BACKGROUND

Figure 3-1 presents the distribution of permafrost in the northern hemisphere.
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Figure 3-1: Permafrost Distribution in the Northern Hemisphere

This permanent ground temperature below 0°C is controlled by mean annual air temperature,
snow cover, vegetation and terrain topography. Attempts have been made to present permafrost

distribution in Canada. Figure 3-2 presents permafrost distribution in Canada.
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Figure 3-2 : Permafrost Distribution in Canada (Natural Resources Canada)
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The Howse Project is located in the discontinuous or sporadic permafrost zone between the
extensive continuous permafrost of Nunavik to the north and the permafrost free southern

territory (Figure 3-3).

Figure 3-3: Schefferville on Canada Permafrost Map

Permafrost occurrence is related to ground elevation; it is more extensive on the treeless and
exposed iron ore ridges above 660 m asl. These areas are subjected to extreme low temperatures
and harsh winter winds where freezing indices (cumulative number of days of air temperatures
below 0°C) have been calculated at about 5,000°C days yearly since 1970 to today. The
topography of the Howse property is generally controlled by the synclinal geology of the
Labrador trough and consists of flat to gently rolling terrain. The highest point around the Howse
area is the Irony Mountain, west of the deposit, outside the limits of the property. The ground

elevation slopes northward from 680 m at the highest southern end of the property, to almost 580
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m at Triangle Lake on the north. The area is characterized by thick overburden covering the

mineralized iron formation. The overburden thickness averages 28 m (range: 12 - 52 m).

4 RELATIONSHIP BETWEEN PERMAFROST AND ELEVATION

Table 4-1 summarises observations of frozen ground reported by personnel working in the old
and existing mining pits. These are all referenced to ground elevations.

Table 4-1 : Table of Frozen Ground Occurrences

Leroy 1 660 Massive frozen soil

Artesian water encountered
Timmins 3N 693 676 under permafrost at 60 m
depth; froze at 17 m depth

Timmins 7 715

Avrtesian water encountered
Kivivic 1C 740 697.7 Ice lenses in yellow ore under permafrost at 44.1 m
depth; froze at 42.3 m depth

Water froze in observation

Kivivic 5 742 736
well
Sunny 3 750 Massive frozen soil
Goodwood 750 Massive frozen soil in Fr_oz_en drill bit v_vhlle
yellow ore drilling exploration holes
Kivivic 3S 775 Massive frozen soil

Artesian water encountered
Kivivic 2 775 754.5 Massive frozen soil under permafrost at 26.3 m
depth; froze at 20.5 m depth

Kivivic 3N 780 Massive frozen soil
Sunny 1 800 Massive frozen soil
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This table illustrates, as expected, that permafrost occurrences are more extensive in the high
bedrock hills above EI. 660 m. This includes the Fleming Pit in the southern part of the territory
and also the Kivivic and Goodwood ore bodies which are located in the northern extremity of the
iron ore belt, some 35 km from the Howse deposit.

The Howse area is composed mainly of blue ore which has low moisture content. In most of the
areas described in table 4-1, costly drilling and blasting of cold temperature frozen ground was
necessary and is presently used to allow mining to proceed. Alternatively, Figure 4-1 shows the
excavation slopes at Timmins 4, located adjacent to the Howse deposit, in softer ground which
has temperatures approaching zero. Some frozen ground was also noted in the greyish till-like
overburden; both these occurrences in warm frozen ground conditions (Figure 4-1). These

conditions did not require blasting as the ore could be excavated with powerful shovels, assisted

by a “ripper” in some areas.

Figure 4-1: Photo showing excavator teeth marks in pockets of warm permafrost in Timmins 4N
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Further, Table 4-2 indicates that there was no evidence of permafrost in Kivivic 4 even though it
was above El. 740 m. In the Kivivic 1C and Kivivic 2 ( El. 740 to 775 m respectively), ice lenses

were noted between the finer grained, high water content yellow ore and the porous blue ore.

Table 4-2 : Table of Unfrozen Ground Occurrences

Ferriman 540
Star Creek 2 540
Star Creek 3 550
Lance Ridge 1 560
Sawmill 1 560
LabMag 580
Barney 1 640
Barney 2 640
Howse 682
Timmins 8 690
Timmins 4 700
KeMag 705
Timmins 3S 725
Kivivic 4 775

It should be noted that no frozen ground occurrences were reported for the pits below EIl. 682 m.
At higher elevations, the effects of thawing of the frozen ground can be seen on photographs in

Figures 4-2 and 4-3 below.
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Figure 4-2: Photos of Recent Thawing of Frozen Ground — Active Layer or Permafrost Degradation
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Figure 4-3: Photos of Degradation of Permafrost over 50 Years on old Fleming Haul Roads

4.1 Freezing and Thawing Indices for Schefferville Area

Typical temperature profiles are given in Figure 4-4 below from which the freezing and thawing

indices can be calculated for the Schefferville area.
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Figure 4-4: Typical Temperature Variations used to Calculate Thawing and Freezing Indices as Well as the
Index Considering Wind Chill

Brown (1960) reports a freezing index of 5000 °F-days (2760 °C-days) and thawing index is

2250 °F-days (1230°C-days) between 1941 and 1950 in the Schefferville region (see Figure 4-5).
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Figure 4-5: Freezing and Thawing Indices in Fahrenheit Degrees between 1941 and 1950 (after Brown, 1960)
Figure 4-6 below provides in a tabular form the general indices from 1970 to 2014 and a graph to

show the slight variations over this period.
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1970-1971 1314 2875 4763
1971-1972 1138 3576 3583
1980-1981 1259 2665 4416
1981-1982 1387 2079 4734
1990-1991 1264 3274 3005
1991-1902 1253 3404 3250
2000-2001 1400 2661 4135
2001-2002 1650 3165 4955
2013-2014 1324 3020 4644
2014-2015 1645 3338 5067
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Figure 4-6: Freezing and Thawing Indices — Schefferville Iron Ore Range

Figure 4-6 clearly demonstrates the significance of exposed areas to the presence of permafrost.
Of particular interest in this table is the freezing index under wind conditions which is 3 times

greater than the thawing index (cumulative number of days above 0°C).
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At lower elevations, tree and brush growth is more extensive and deep snows can accumulate
and blanket the ground, insulating it from the severe winter freezing temperatures. It is
considered that, under such conditions, the insulated terrain could be exposed to as little as 50%
of the normal freezing index and the frost penetration is reduced or eliminated if the snow cover
is greater than 1 metre. Under these conditions, with the thawing index approaching the freezing

index, complete degradation of frozen non-saline ground can occur.

From bottom of the Figure 4-6, it can be seen that the thawing indices have been increasing
slightly over time about 1,200 to 1,300°C days since 1940s to present day 1,650°C days. Over
the same period the Freezing index has been increased from 2760°C days to 3300°C days. From
these values, it is clear that air temperatures experienced slight warmer trend with time. This was

compensated with air temperatures that are much colder and longer.

4.2  Precipitation in the Schefferville Area

Figure 4-7 below shows typical precipitation values for summer (June-September) months,
which averages about 365 mm; the period when the warm summer rainwater can percolate
through the pervious overburden to the deep water table, particularly in the unique outwash

gravel in the Howse area.
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TEMPERATURE AND PRECIPITATION CHART FOR 1971 TO 2000
CANADIAN CLIMATE NORMALS - SCHEFFERVILLE
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Figure 4-7: Temperatures and Precipitation for Climate Normals in Canada from 1971 to 2000

This phenomenon is particularly relevant at the Howse pit because it is unique in that all of the
boreholes (e.g. HW-GT13-01) in the area reported approximately 30 m of course, clean,
granular, sandy, gravelly glacial outwash deposits. These conditions have not been reported in
the other pits in the area. As such, any summer waters that will percolate into the water table
will, over time, thaw any frozen ground within the granular overburden or bedrock.

Finally it follows that, if any permanently frozen ground exists in the low terrain of the Howse
area (maximum EI. 680 m asl), it would be expected to be present only in widely spaced, small,
isolated lenses or pockets of ice-rich materials. If such occurrences exist, they would represent
remnants from the degrading original permafrost 20,000 years ago; typical of a stagnating,

sporadic permafrost regime.
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5 RELATIONSHIP BETWEEN PERMAFROST AND SUBSTRATE

In general, coarse granular soils are more permeable compared to fine grained soils such as silts
and clays. Coarse granular soils are characterized by their wide pores allowing warm water to
move freely in voids formed between cobles and to percolate deeply into the deposit. In fine
grained soils, pores are small and water movement is quite difficult. For this reason, fine grained
soils are more susceptible to permafrost where the water retained in their small pores freezes in
cold weather and requires much more energy to thaw.

The 30 m thick granular glacial outwash makes Howse Deposit special from the other pits in the
area. When warm summer precipitation percolates into the permeable granular deposit, this will
naturally have a considerable warming effect on pervious overburden or bedrock, and promote
in-situ permafrost melting.

In addition, the downward percolation process was confirmed in an event which occurred in June
2015. The water level in two observation wells at a depth of 80 m in the Howse area rose
because of the warm June rain and surface run-off 70 mm after a 2 or 3 days of heavy rain. This
is a clear indication that the surface waters flow freely through the pervious, granular, glacial
outwash materials and the porous iron formation down to the water table. This suggests that,
over several centuries, the soil and groundwater temperatures rose and degraded any isolated

permafrost pockets in the overburden and bedrock.
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6 GROUND TEMPERATURE RECORDS

Information on ground temperature was available from:
a) 1979 McGill temperature graphs from thermistors installed in the Howse area;
b) Golder ground temperature records beginning in December 2013 in a borehole drilled on
the southeastern flank of the Howse deposit;
c) New Millennium temperature records at the LabMag site (EI. 513 m asl and 565 m asl)
and the high KeMag installation at about EI. 705 m asl, both in the Taconite deposits,
located on the western limit of the Howse DSO iron ore body;

d) Ground temperatures at Timmins 3 and Timmins 4 by Frank H. Nicholson in 1979.

6.1 Iron ore Company Ground Temperatures 1980-1981 Reported by Dr. Hardy
Granberg

Grandberg et al. (1983) reported on a series of ground temperature curves are based on 15
thermistor string installations in 1980-1981, between 60 and 120 m depth in the area of the
Howse ore body, as shown on Figure 6-1. Figure 6-2 below show typical curves of results

obtained for two thermistors.
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Figure 6-2: Typical McGill Ground Temperature Curves (Granberg) — 1980-1981 - Howse Ore Body at El.
660 m and 670 m
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With the exception of the occasional erratic reading, ground temperatures below the winter
freeze zone are above zero (+0.5° C to +2° C) and this down to the 60 and 120-metre depths.
Since 1983, no other readings were available from McGill.

Nicholson (1979) presented a cross section that showed ground temperatures for an area around
the Timmins 4 ore body which illustrates temperatures above 0°C for the terrain below EI. 670 m

(see Figure 6-3 below).
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Figure 6-3: Cross Section at Timmins 4 Showing Ground Temperatures (Nicholson 1979). Howse Deposit
Elevation Projected on this Cross Section

The Nicholson (1979) findings therefore support the Grandberg (1983) finding by extrapolation;
these conditions also exist at the Howse mining area. It is therefore not surprising to see that
Granberg (1983) obtained unfrozen ground up to 120- metres in depth.

However, recently it was possible to take resistance measurements on thermistor strings in five
(5) boreholes. After receiving the conversion factor from McGill University, the results showed

wide variation and they are not considered reliable.
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6.2 Golder Ground Temperatures (2013)

Golder Associates installed a thermistor string in December 2013 at 40 m depth on the southeast

end of the Howse ore body as shown on Figure 2-1. Figure 6-4 shows that the surface ground

temperatures thawed during the first 8 months after installation in December 2013.
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Figure 6-4: Thawing Cycle Dec. 2013 - August 2014

This plot shows the normal surface ground temperature warming from -15°C in December 2013

to +15°C by August 2014. This plot also shows the temperatures below El. 670 m decreasing

with depth from +3°C at about El. 666 m or 14 metres below ground surface to about +1.5°C at

El. 644 m or 38 m below ground surface. At about the 5-metre depth in seasonal frost penetration
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zone, the ground temperatures have been warmed to +4°C by the drilling fluid used to drill the
holes.

After installation of the thermistor string, all ground temperatures cooled progressively, as
expected, to reach the 0°C line by August 2014 at EI. 676 m. It is at this point that the warming

effects of the drilling fluid have ceased as the subsequent warming cycle begins.

Figure 6-5 below shows the freezing cycle during the following year, from August 2014 to

February 2015.
HOWSE DEPOSIT- FREEZING CYCLE EL. 682m
GOLDER THERMISTOR 2013
Ground temperature (°C)
-10 -5 0 5 10 15 20
682 FEB-15 iAPR-15JAN 15 SEP-14 I
iy ¢ - OCT-14 - |
678
DEC-14
674 | |
FREEZING CYCLE (AUG-14 TO APR-15)
£ 670 ! Aug-14
—_—
c —Sep-14
o 666
=] —Qct-14
(1]
% p Nov-14
o —Dec-14
—+—Jan-15
658 ——Feb-15
Mar-15
654
=—Apr-15
650 Note: OCT-14" records show ground temperature higher than
€ SEP-14. Such discrepancy could be related to warm air and
heavy rain perod.
646 Temperarture of 0.5°C was recorded at the 89.5m depth and
l 1.0°C at the 180.5m depth on the golder vibrating wire
b installations in the thermistor borehole.
642 T T T T T T T ———— T T
-10 5 0 5 10 15 20

Figure 6-5: Hose Deposit Freezing Cycle - August 2014 to February 2015
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The freezing temperature graph shows surface temperatures cooling rapidly from +17°C on
August 2014 to about -5°C by February-March 2015. Below the frost cover, the ground
temperatures are at about 2.5°C down to the 24 m depth then fall to about +1°C at 38 m depth, or
at El. 644 m. At this time, the annual freezing of the surface layer has reached a depth of about 5
m in April. From this information, this is a clear indication that the ground at this location in the

Howse ore body is not frozen.

During the following freezing cycle (October 2014 to March 2015), all temperatures in the 4 to 6
metre thick seasonal freezing zone decreased to 0°C, but increased to +2.5°C at the 34-m depth

and then cooled to about +1°C at the 40-metre depth.

In conjunction with the thermistor installation, Golder installed two (2) water temperature
measuring devices; one at 89.5 m and a second at 180m depth at the same location. These
installations recorded a temperature of 0.5°C at the water table interface and 1°C at the 180 m
depth. Based on these results, it is concluded that ground temperature probably decreases slowly
from 1°C at 40 m to probably 0.5°C at the interface with the water table (80m below ground
surface). From this information, it is concluded that there is no permafrost in the terrain below

El. 660 m in the Howse area.

Of particular interest on the Golder freezing cycle plot are curves at the 4 to 6 m depth for the
months of September and October 2014. These plots show ground temperatures of 0°C in
September at the 7 m depth, rising to +2.5°C in October and then cooling again in November. A
check of the air temperatures existing at that time shows a distinct hot weather period in October

2014. As such, the warming ground temperatures are likely related to the warm autumn
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precipitation waters seeping through the pervious sand and gravel overburden to the 7-metre
depth, causing the ground temperatures to rise during October. This, in our opinion, is the only
explanation for the sharp and unusual rise in ground temperatures this late in the year when air
temperatures are usually below freezing. Naturally, if similar events occurred over a period of
centuries, serious degrading or elimination on any warm temperature permafrost existing in the

overburden would result.

6.3 New Millennium Ground Temperatures

In 2012, New Millennium installed two 10 m deep thermistors in the LabMag Taconite ore
bodies located west of the Howse DSO mining area, in wooded areas with relatively deep snow
cover in winter (see Figure 6-6 below). These were installed in the southern part of the ore body;
one at El. 565 m and a second much further north at a lower elevation of 513 m in the LabMag
Taconite formation.

Another 10-metre long thermistor was installed in the southern end of the KeMag deposit located
50 km further north and on much higher ground (El. 705 m) and where bedrock outcrops

everywhere (see Figure 6-7 below).
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Figure 6-6: LabMag Thermistors Installed at Lower Elevations and in Wooded Areas with Deep Snow Cover

Temperatures over a 2-year period in the two (2) LabMag thermistors west of the Howse

property show similar results as the Golder thermistors. Apart from the 3-5m thick annual
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freezing of the surface layer, all ground temperatures decreased to the bottom of the thermistor

strings to a low of about +3°C from a high of about +5°C usually at the 10-metre level.

It is only at the much further north and higher KeMag Taconite site at EI. 705 m, west of the
height-of-land between the deposit and the lower Caniapiscau watershed, that temperatures
suggest permafrost starting at below the 8 to 10-metre depth with temperatures varying between

0° C and -2°C (see Figure 6-7 below).

KEMAG WEST- IFK6 (EL. 705 m)

Temperature (°C)
2012-10-27
-2422-20-18-16-14-12-10 -8 6§ 4 -2 0 2 4 6 8 10 12 14 16 18 20
705 —
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704
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=" ——2013-02-20
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S
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\ —4—2015-02-18
6a7 [ ——2015-04-17
696
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Figure 6-7: Exposed Bedrock and Thin Snow Cover at KeMag
From photographs presented in Figure 6-7 above, one can see that the site is located on the top of
a high, bald hill without any tree cover and only a thin snow cover.
Together with the higher ground elevation, this would explain the significant differences

between the KeMag and the LabMag ground temperatures, particularly at the 4-metre depth.
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7 GROUNDWATER CONDITIONS

Geofor Environment did an extensive evaluation of groundwater conditions in the region and has

begun a hydrogeological drilling program over the Howse deposit in 2014. Pumping tests were

carried out combined with observation holes to determine drawdown conditions of the iron

formations. Table 7-1 shows the depth of groundwater measured for some wells. The locations of

these wells with respect to Howse deposit can be seen in Figure 6-1.

Table 7-1. Well Main Specifications (After Geofor)

Northing | Easting | Diameter Final Elevation water Depth water Drill Date
Depth (TOC)* (TOC)* elevation
Hole (mN) (mE) mm (m) (masl)** (m) (masl)** (end)
Identification zone 19 | zone 19 August 28, August 28,
2015 2015

HW-RC14-WEO1R 6085660 | 619715 152.4 164.00 684.173 88.34 595.83 9-13-14
HW-RC14-WEO3R 6086703 | 618737 152.4 180.00 640.145 69.67 570,47 10-19-14
HW-DD14-09 6085950 | 619571 122.6 150.00 681.599 94.71 586,89 8-20-14
HW-RC13-03 6085655 | 619755 122.6 180.00 683.449 86.78 596,67 12-07-13

*TOC = Top Of Casing

**masl = meter above sea level

A complementary study started in August 2015 was ongoing after submitting the draft for review

of this report. Figure 7-1 below presents the longitudinal cross section showing the water levels

initially measured in October 2014. Since the completion of 2015 drilling program, the water

levels measured in seven additional boreholes have been added to the original graph. The

location of these holes as provided by Geofor is presented in Appendix A.
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Figure 7-1: Longitudinal cross section along Howse Deposit with measured water levels

It can be seen that the water levels are deep below ground surface in the Howse area, varying
usually between 70 and 90 mbgs. In addition, the water table slopes from the southeast end of the
deposit towards its northwest with a gradient of about 2 %. The groundwater flow is mainly

controlled by the bedding planes and fractures, which trend parallel to major direction of deposit

i.e. NW-SE.
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7.1 Artesian Groundwater Conditions

Artesian groundwater is groundwater under positive pressure. Such phenomenon is encountered

when groundwater exists at different elevations and confined between a layer of impermeable

rock or clay.

At several standpipe installations at high elevations, artesian groundwater conditions, confined

by the overlying permafrost layer, were identified by the drilling down to free water at

considerable depths. These artesian pressures caused water levels to rise to a shallow depth in the

observation tubes. Once stable, the water froze in the pipes and ice prevented the measuring

devices to go any deeper. Table 7-2 summarises frozen water conditions encountered.

Table 7-2 : Artesian Conditions and Freezing Water in Standpipes

R
oo | o | |
R e
owiere |0 teeeet i |

It is interesting to note that similar deep water levels (15 to 20 metres) were reported in the Joyce

Lake ore body, some 30 km east of Schefferville, in an area at about EIl. 500 to 540 m where

several hundred boreholes were drilled without recovering any frozen ground.
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8 DISCUSSION AND CONCLUSIONS

The overwhelming number of thermistor readings reported by McGill 1980-1981 (Howse),
Golder (Howse) and NML (LabMag), the deep water levels in pervious granular outwash
deposits and the absence of any indication of permafrost below EI. 660 m, indicate temperatures
all above 0° C and no permanently frozen ground at low elevations in the Howse mining area.
This is also confirmed by extrapolating the Nicholson (1979) cross section for the Timmins 4

area for ground above freezing below EI. 680 m.

If permafrost exists despite no observation during drilling, it occurs in erratic and isolated small

lenses or pockets but not in any extensive identifiable layers.

Further, any remnant frozen ground in the area has insignificant effects as far as the mining
operations are concerned, as it will progressively degrade over the 10-year life of the mine as it
continues to be exposed to the high calorific warm summer rains as they seep down through the
30-metre deep porous and highly permeable glacial outwash materials to the deep water table. It
is this process, occurring below El. 660 m that has completely degraded any localised permafrost

pockets or lenses in the overburden and bedrock above the deep water table.

This report concludes that all available records published in McGill reports show that ground
temperatures are above 0° C in the low elevations in the Howse region and suggest that massive
permanently frozen cold permafrost does not exist. This conclusion is based on the premise that

the combined unique geologic circumstances (30-metre deep porous granular deposit and deep
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water table) have all contributed, over the centuries, to the degradation, if not the elimination, of

any remnant of permafrost that could have lingered in the Howse ore body.

It is noted that temperatures measurements of 0° C to +4° C in the Howse area do not support
Nicholson’s general comment (1979) that temperatures before 1980 were between -2° C and 0° C

when Granberg of McGill 1980-1981 thermistors all show temperatures above 0° C.

For all these reasons it is concluded that modeling of such an isolated and erratic frozen ground
condition, of unknown thickness and overall lateral limits, would be very difficult if not

impossible. It would give only unreliable if not unrealistic results of little value.
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APPENDIX A

LOCATION PLAN OF BOREHOLES DRILLED IN 2015
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L-15-1802 NOVEMBER 6™, 2015

ANSWERS FOR QUESTIONS ASKED BY NATURAL RESOURCES CANADA

FOLLOWING THE REVIEW OF JOURNEAUX ASSOC PERMAFROST REPORT FOR HOWSE
DEPOSIT

NRCan Request: Please confirm that the borehole HW-GT13-01 equipped with a thermistor cable
as reported by Golder Associates (Volume 2, Appendix A) is the same cable mentioned in the
Report No. L-15-1802. If yes, please confirm the location of the borehole according to the
“potential permafrost map” (Figures 6.19 and 6.20, Volume 1, Main Document).

Answer:

The thermistor cable HW-GT13-01 mentioned in the Journeaux Assoc report L-15-1802 is the thermistor
cable installed by Golder Associates in borehole HW-GT13-01 drilled in December 2013.

The borehole HW-GT13-01 is located at the south east limit of Howse deposit as shown below in Figure
1. As shown, HW-GT13-01 is between 50 m and 100 m outside the potential permafrost boundary limit
shown on the plan prepared by IOC in the 1980s.
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Figure 1: Location plan showing Golder Associates borehole HW-GT13-01 equipped with thermistor

The permafrost boundary limit shown on the plan is a virtual line which does not exist in the field. When
the drillers located the borehole on site, they intended to drill an inclined hole to intersect the east pit

wall.
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It should also be clarified that the original program of Golder Associates was to drill four holes at the
two pit wall limits; but due to adverse winter conditions the program was abandoned. The main objective
of these thermistors along the pit walls was to investigate if permafrost was to be encountered during
the mining operations. For this reason, the thermistor HW-GT13-01 was oriented towards the north east

into the pit wall instead to the permafrost area shown on the plan.

e Inthe absence of the information requested (Granberg, 1983; IOCC 1974)

Answer:

The Granberg article is available for consultation only at the McGill library in Montreal, Québec. The
article is also available through the GEOSCAN search results at http://geoscan.nrcan.gc.ca/, but is
currently un-digitized. TSMC has made a request to be alerted when the digitized request becomes

available, and will communicate it to NRCAN when available.

The IOCC (1974) document is appended to this document.

e NRCAN request: Please provide clarification as to how this “potential
permafrost map” has been produced.

Answer:

The predictive 'permafrost potential mapping' was completed prior to more current, field-based data
becoming available from a combination of (i) recent, project-specific measurements of ground
temperature data (e.g., from thermistors installed by Golder Associates in the Howse Deposit); (ii) a
study completed by Journeaux Assoc (2015) that reveals the important local relationship between
elevation and permafrost occurrence, based on both historic and current data; and (iii) additional field
observations made by Journeaux Assoc (2015) and Gilles Fortin (pers. comm., 2015). While the general
spatial trends predicted in the original mapping are still valid - that is, permafrost is most widespread
on windswept hill crests - the new information indicates that ground temperatures in the woodlands in
the area are insufficient to maintain permafrost. Accordingly, permafrost (if present) is likely restricted

to windswept highs above about 660 m elevation.

The ground temperature of the thermistor HW 1008 CC published by Granberg (1983) is presented in
Figure 3. As it can be noticed the ground temperatures available from this thermistor are not very
reliable due to the limited data collected. Thermistor HW 1008CC data shows in general no frozen ground
with all temperatures above or around zero except in 18/8/81 a year later the surface ground

temperature is still positive but much lower. This data shown in Figure 3 confirms that there is no frozen
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ground at the middle of the permafrost map therefore this map is in error. Therefore the potential
permafrost map presented or questioned by the NRCan does not reflect the present observations and

data collected on site.
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Figure 2: Ground temperature of McGill thermistor HW 1008 CC as reported by Granberg (1983)

e NRCAN request: Based on the above clarification, NRCan proposes that the
proponent install thermistor cable(s) at location(s) within the “potential
permafrost map” area to assess the presence/absence of permafrost. NRCan
suggests that this (the addition of thermistor cable(s) in permafrost areas)
only be considered once an assessment of the literature, that has been used to
produce the “potential permafrost map”, is completed.

Answer:

HML will install 2 additional thermistors in Spring 2016 to monitor the permafrost area within the Howse

deposit. The location of the first hole is suggested to be at the west near the south end of the ore body.
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The location of the second hole is suggested to be at the east side of the ore body half way to the pit
wall.

There is no recent information showing permafrost areas in the Howse deposit. Therefore, it is
concluded that a new permafrost map cannot be made since all available information does not provide

data from which a map can be made.

The irregular line on the map is a surface expression of the permafrost area drawn arbitrarily on the
plan. The accuracy of the surface plot on paper is not detectable on site, so there is no positive and
definite indication nearby Golder borehole was either within the boundary or outside the boundary.
However, it is clear that all subsequent drilling done in the area did not identify any frozen ground and

we would conclude that the Golder borehole is in fact valid.

If the investigation was carried out by test pitting, the excavations would have been terminated in
frozen ground, particularly if they were located in high, open and exposed areas where seasonal frost

penetration could be very deep.

In reviewing the IOC test pit description done in the1980 Trenching Field Notes, for work carried on in
the Howse deposit we note that the technician referred several times to (permafrost) with water not
far below. These notes were prepared from shallow test pits and this would suggest that it was only
frozen ground that the technician was observing. There is no way that the technician could confirm
with the equipment he had to confirm that it was permanent frozen ground in the middle of the
thawing season which can extend to October as it can be seen on the surface ground temperature of

October 7 1980 in borehole HW 1008 CC.

It is considered that confusion was created by using very loosely the term permafrost. From
observations at shallow depth in the test pit which in many locations encountered free water below the
frozen ground. In this situation, the technician was only observing remnants of the frozen ground

developed over the previous winter.

It is therefore it is not surprising that McGill Borehole HW1008 CC drilled in the middle of the potential
permafrost map and the temperature readings over a period of 3 months do not show any permafrost
mostly all above zero, with the exception of one reading taken nearly a year later which is incomplete

and probably not reliable.
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From all this information, it is clear that the map of potential permafrost area could only be accurate if

one assumes that the frozen ground layer observed in test pits at extensive depth.

The McGill Borehole HW1000CC in the middle of the permafrost map did not confirm such a condition.

¢ NRCan Request: Please clarify why permafrost is considered in the
hydrogeological model if the conclusion of the Report No. L-15-1802 stated

that there is no permafrost at the Howse deposit.

Answer:

The new hydrological report has been amended to reflect the new permafrost status of the Howse
Project.
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The Elross Lake Automatic Weather Station
Introduction

This report summarizes 11 months of data (September 2003 to August 2004) from an
automatic meteorological station installed in the Elross Lake area as part of an
environmental analysis for mineral exploration activities. This report includes
technical data about the sensors installed and details about the location and setting of
the meteorological station.

Background

Schefferville lies in a part of the Canadian Shield known as the Labrador Trough. The
physiography is dominated by a northwest-southeast trending ridge and valley
topography created by 2 large synclines; one with its long axis lying along the
Howell’s River Valley and the other along Lake Petitskipau. The climate of central
Ungava has been classified as humid microthermal under the Koppen-Gieger system
(Petersen 1969) but is more widely described as a continental subarctic boreal forest
climate. Long-term records indicate a mean annual air temperature of -4.9°C (for the
town site at 520 m asl) but tundra ridge areas have been documented to have mean
annual air temperatures as low as - 7°C. The seasonal pattern in air temperature is
typically continental and is characterized by dramatic extremes with extreme
minimums as low as -50°C and extreme maximums above 30°C. The annual
precipitation is roughly 732 mm and is roughly skewed with a peak in late summer.
Despite the low annual air temperatures permafrost in central Ungava is discontinuous
and in the Schefferville area is restricted to upland tundra areas and some lowland
organic soils where patched of permafrost form palsas. The discontinuous nature of
the permafrost is largely due to the relatively deep snow cover that insulates the
ground from the cold winter air temperatures.

Schefferville lies in the transition zone from lichen woodlands of southern
Ungava and the true tundra of northern Ungava. The significant relief of the
Schefferville area (200-300m) has produces a wide range of vegetation communities.
Open lichen spruce woodland and Spruce feather moss communities dominate the
forested lowlands while poorly drained areas are typically covered by wetlands.
Upland surfaces typically display alpine tundra and alpine heath communities.

Meteorological Station

A standard Campbell Scientific automatic meteorological station was installed
adjacent to Elross Lake to provide background environmental data in support of
resource exploration activities in the area. The Campbell system installed is designed
for use in harsh arctic environments (tested to -55°C) and includes an anchored tripod
base equipped with: (1) a Kipp & Zonen SP Lite Pyranometer to measure incoming
solar radiation, (2) a HMP45CF T&RH sensor with a radiation shield to measure air
temperature and relative humidity, (3) a RM Young wind monitor to measure wind
speed and direction, (4) two 107B soil thermistors installed at depths of 5 and 30 cm
to measure the ground temperature regime, and (5) a CS105 atmospheric pressure
sensor to monitor barometric pressure. A 12-volt gel cell recharged by a 5-watt solar
panel powers the system. The heart of the system is a Campbell CR10X data logger



which monitors sensor outputs every 60 seconds and records data as hourly averages
(base value of the station is ~ $15,000). Air temperatures are collected at a height of
2.0 m above the ground surface and wind and radiation data are collected 3.0 m above
the ground.

The station was set up and started by Dale Andersen (Ph.D. student with W.
Pollard) on September 21, 2003 and the first download was on August 26, 2004 by
Pollard. The McGill Subarctic Research Station (MSARS) maintains a network of 4
other stations in the Schefferville region as part of a CFI funded climate change
project called ECONET designed to determine regional variations in microclimate
(comparisons between forest, burn, tundra and community locations), to assess the
representativeness of airport data and to provide detailed baseline data from which
future climate changes can be analyzed.

Setting

The Elross Lake automatic meteorological station is located at 54° 56.1086°N;
67°06.4847°W (UTM 6-21-210E, 60-89-212N zone 19U) roughly 3 km east of Irony
Mountain at an elevation of approximately 619 m asl. The met station is situated on
the west side of Elross Lake on a small peninsula (Figures 1 & 2) in an area of open
spruce woodland (Figure 3). The forest canopy is predominantly White and Black
spruce (Picea glauca and P. mariana) with scattered Larch (Larix laricina), the
largest trees are 20-30m high but are ~ 30 m from the station. Smaller spruce (1-2 m
high) and shrub vegetation (<1m) surround station. The shrub under story is mainly
Labrador Tea (Ledum sp), Birch (Betula glandulosa) and Willow (Salix sp). The
ground cover consists of small shrubs (several species of Vaccinium) various lichens
and mosses (Cladian stellaris, Cladina rangifera, Hylocomnium splendens, Ptilium
sp, Pleurozium sp).

Elross Lake is one of a string of lakes linked by the Howell’s River. These
lakes are typically long, narrow, relatively shallow and rimmed with shaley gravel and
bouldery beach materials of glacial-fluvial origin. However, much of backshore area
on the west side of the lake consists of wetlands and flooded boulder surfaces. The
Howell’s River Valley occupies a large syncline that formed in the Churchill Province
of the Canadian Shield where it meets the Superior Province. The ridge and valley
topography of the Labrador Trough reflects Archean tectonic activity and exerts a
strong control on drainage patterns in this part of the Churchill Province. The Superior
Province lies only 5-6 km west of the Howell’s River and is characterised by more
typical shield topography. The landscape around Schefferville displays widespread
evidence of erosion by glacial meltwater, there are numerous subglacial metlwater
channels perched and nested high on the upland surfaces (e.g. Houston Mountain) and
there are vast areas of boulder filled channels that are more characteristic of proglacial
meltwater. The Howell’s River Valley is much wider than the modern river system
with a wide flood plain and several terraces indicative of much higher water levels.
Boulder streams and surfaces are common in these areas and occur along the west
side of Elross Lake.

Soils at the site are poorly developed consisting of an organic layer 5-10 cm
thick overlying weakly eluviated reddish silty-sand. The soil is well drained and
despite the widespread occurrence of wetlands there is no evidence of gleying. The



peninsula upon which the station is located appears to be a small delta deposited by
one of the several streams that drains the extensive wet lands west of Elross lake.

Meteorological data

Table 1 and Figures 4, 5 and 6 present the temperature and wind data for the 11 month
period from Sept 21, 2003 -August 26, 2004 for the Elross Lake met. station. Over
this period the mean air temperature was — 5.4°C, the mean annual temperature is
probably only slightly warmer (~ -5.1°C). Over the same period the mean
temperature for the town of Schefferville was —3.5°C and —4.8°C for the tundra site
on Ferriman Ridge, so clearly the Elross Lake area is considerably cooler than the
town site. A minimum of —47.45°C was recorded at the Elross site in mid January
while the town and Ferriman Ridge recorded minimums of -39.9°C and —43.1°C,
respectively. The difference probably reflects cold air drainage from the surrounding
upland surfaces. The maximum temperature of 27.07°C is warmer than the town site
and Ferriman ridge which saw a maximum temperatures of 25.7°C and 23.4°C,
respectively. The plot of temperature data (Figure 4) displays considerable variability
with several warm periods during the winter and even positive temperatures in mid
March. A comparison between the temperature and humidity data suggests that the
warm periods during the winter correspond to snowfall events. Despite the apparently
high maximum, the summer temperatures were consistently cool hovered around
10°C and with several frost events in June and July. Table 1 presents a statistical
summary of the air temperature data.

Table 1: Temperature Data for Elross Lake
Minimum -47.450001
Maximum +27.07
Sum -43684.05
Mean -5.3864427
Median -3.5555
RMS 15.342373
Std Deviation 14.366631
Variance 206.40009
Std Error 0.15953079
Skewness -0.41803562
Kurtosis -0.4429504

At first glance the soil temperatures appear problematic in that they remain
relatively warm during the coldest winter months when they reached only —-2.1°C.
Shallow frost occurs from mid December until early June (Figure 5); the flat nature of
the soil temperatures indicates a thick continuous snow cover. In a previous study
Nicholson (1978) found that 80-cm of snow was sufficient to inhibit deep frost
penetration. Summer temperatures are very warm reaching 15°C and consistently
around 10°C, even at depths of 30 cm. These warm temperatures reflect direct heating
by solar radiation and relatively dry soil with little evaporation. These soils are much
warmer than the tundra soils of Ferriman Ridge where temperatures rarely rise above
5°C, and permafrost is reached at depths of 120-130 cm. The steep rise in soil
temperature around June 7 probably corresponds with the completion of snowmelt.
Even though the mean annual air temperature is cold enough to generate permafrost
the warm nature of the soil temperature suggests that permafrost is probably not



present at this site. However deeper temperature sensors would be needed to confirm
this hypothesis. Permafrost up to 100 m deep has been recorded at various mine sites
during the main period of ore extraction. Permafrost overlain by an active layer 2.4 m
thick was documented near the Timmins Mine site (south east of Elross Lake) by
Wright (1981) and palsas (permafrost cored peat mounds) were documented at
Goodream Lake 3-4 kilometres east of Elross Lake (Cummings and Pollard 1988).

The site is not very windy despite its close proximity to Elross Lake; normally
a large open area (long fetch) like Elross Lake is much windier than woodland
locations. There is a fairly constant wind of 3-5 kph. Roughly 5-6 major wind events
were recorded with sustained velocities >25 kph. A sustained maximum wind velocity
of 36 kph was experienced, in mid January. By comparison the met station on
Ferriman ridge recorded an average wind velocity of 23 kph for the same period (this
includes periods when the wind sensor was immobilized by rime ice). The maximum
sustained wind velocity recorded on Ferriman Ridge was 65 kph (same January
storm), but the most notable pattern was the sustained nature of the winds (these
ridges would be good locations for wind farms. The strongest winds were from the
north and north north-east at Elross Lake. Ferriman winds also had high winds from
the north and north-northeast but also displayed significant wind events coming from
the south and east. Winds patterns in the Schefferville region reflect the funnelling
effect of the ridge and valley topography, the high winds on the ridge reflect
compressive airflow. At Elross Lake the fall and winter are the windiest periods while
the late winter, spring and summer were fairly calm, by comparison, Ferriman Ridge
displayed high winds year round.

Summary

In general the Elross Lake site is slightly cooler than the town of Schefferville,
however it appears to have its own microclimate that is characterized by very cold
winter temperatures. Summer temperatures are comparable to Scheffervilles but the
sheltered nature of the study site results in slightly warmer maximum temperatures.
The local microclimate might be controlled by topographic inversions in temperature.
Normally windy regions like Schefferville experience considerable mixing and
temperature inversions are scarce, but the calm nature of the Elross Lake site and the
high local relief would be conducive to local cold air drainage. This might explain
why the extreme minimum (-47.5°C) is so much colder than for Schefferville (-
39.9°C). Extreme minimum temperatures for other ECONET sites include -41°C for
both the woodland site (east of Irony Mountain) and a burns site (south of the
Howell’s River bridge just off the Mennihek Road), and -43.1°C for Ferriman Ridge.
Cold air drainage might also explain the several summer frost events.



Ground freezing and permafrost in the Schefferville region are strongly
influenced by snow distribution. At Elross Lake snow insulates the ground against the
extreme cold winter air temperatures. Widespread wetlands also inhibit ground
freezing. It is therefore unlikely that permafrost is present in this part of the Howell’s
River Valley, highland areas to the east probably have patchy permafrost particularly
Irony Mountain. The topography rises toward the west where areas of open vegetation
and well drained surfaces could be subject to permafrost. If permafrost is a potential
issue it would be useful to install a series of deeper (20+ m) ground temperature
cables.



Figure 1: Oblique air photos showing the location of the automatic weather station location on
the west side Elross Lake at 54° 56.1086N; 67°06.4847W.

Figure 2. Location of the automatic weather station on the west side of Elross
Lake (from 1:50,000 NTS topographic map).




Figure 3: Campbell automatic meteorological station installed in September 2003. Sensors include air
temperature, soil temperatures at 5 and 25 cm, wind velocity and direction, relative humidity, solar
radiation and barometric pressure. The station is situated in a clearing adjacent to a collapsed cabin
approximately 30m from Elross lake. The local vegetation is open spruce forest (Picea mariana and
Picea glauca with lichen Cladina rangifera and Cladina stellaris ground cover.
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Figure 4. Elross Lake air temperature summary (based on plot of hourly air temperatures)
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Figure 5: Elross Lake wind velocity summary
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Figure 6: Elross lake soil temperature data at depths of 5 (blue) and 25 (black) cm.
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