ANNUAL REPORT
FOR THE MUNICIPALITY OF PANGNIRTUNG, 2022

YEAR BEING REPORTED:_2022

The following information is compiled pursuant to the requirements of Part A, Item 1 of
Water Licence # 3AM-PAN1828 issued to the Municipality of Pangnirtung.

i) - iii) tabular summaries of all data generated under the “Monitoring Program”; monthly

and annual quantities in cubic metres of freshwater obtained from all sources;
monthly and annual quantities in cubic metres of each and all wastes discharged;

Attached are quantities of water used as reported in our On Tap Water Delivery
System and the estimated discharge of sewage waste based on quantities used.

Month Reported Quantity of Water Quantity of Sewage
Obtained from all Waste Discharged
sources (L) (Estimated)

January 419917570 | >°™M®
February 4,068,005.80 | >°°
March 453100564 | oM
April 4,264,897.11 Same
May 4,242,305.40 Same
June 4,433,358.50 Same
July 3,887,449.70 Same
August 4,152,015.70 Same
September 4,245,590.70 Same
October 4,005,332.90 Same
November 4,339,526.60 Same
December 4,345,583.40 Same
ANNUAL TOTAL 50,708,337.15 Same

Note: The water consumption volume is considered equal to the discharge volume
because there is no meter at the end of the discharge pipe.
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iv. A summary of modifications and/or major maintenance work carried out on the
Water Supply and Waste Disposal Facilities, including all associated structures
and facilities;

Mechanical wastewater treatment plant broken overhead piping replaced due to floor
heaving.

V. A list of unauthorized discharges and summary of follow-up action taken;

Due to concrete floor heaving, overhead piping had to be repaired in mechanical
wastewater treatment plant. For duration of piping repair, temporary sewage
discharge area had been created.

vi. A summary of any abandonment and restoration work completed during the
year and an outline of any work anticipated for the next year;
No abandonment and restoration work completed in reporting year.

vii. A summary of any studies requested by the Board that relate to waste disposal,
water use or reclamation, and a brief description of any future studies planned;
Pangnirtung is one of the Municipalities included in the current solid waste facility
project. This project will identify the best way to use available funding to support
operational needs, improve water licence compliance, prolong the useful life of the
existing solid waste site, and backhauling of existing waste.

viii.  Any other details on water use or waste disposal requested by the Board by
November 1st of the year being reported; and

CGS will work with municipality on all CIRNAC inspection report identified issues
addressing solid waste, wastewater, and water.

ix. Updates or revisions to the approved Operation and Maintenance Plans.
All Infrastructure under approved Water License is operated under existing O & M
manuals. There are no updates or revisions to the existing O&M’s
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X. ADDITIONAL INFORMATION THAT THE LICENSEE DEEMS USEFUL:

For items identified in CIRNAC’s report to be in noncompliance CGS had not
received information from Municipality at the time of reporting

x. FOLLOW-UP REGARDING INSPECTION/COMPLIANCE CONCERNS:

CGS will work with Municipality and try to address all the noncompliance issues during
construction season 2023.
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ANNUAL REPORT
FOR THE MUNICIPALITY OF PANGNIRTUNG, 2022

Appendix A: PAN-3 Effluent Quality Limits
Appendix B: Certificate of Analysis
Appendix C: Hazardous Materials Spill Database, Pond Inlet 2022

Appendix D: Pond Inlet 2022 CIRNAC Inspection Report

Page 4 of 8



ANNUAL REPORT
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Appendix A

PAN-3 Effluent from WWTP

Maximum Average OR Individual

Parameter Concentration DATE: July 11.2022.
BOD 120 mg/L 6 mg/L
Total Suspended Solids 180 mg/L Less than 3 mg/L

Fecal Coliform

1x10° CFU/100 mL

Less than 2 CFU/100 mL

Oil and Grease

No visible sheen

No visible sheen (Less than 1
mg/L)

pH

Between 6 and 9

7.72
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Appendix B
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CADUCEZZN

ENVIRONMENTAL LABORATORIES

Client committed. Quality assured.

CERTIFICATE OF ANALYSIS

Final Report

C.0.C.: G 110816

Report To:

Hamlet of Pangnirtung
P.O. Box 253,

Pangnirtung Nunavut X0A OR0 Canada

Attention: SAO -

REPORT No. B22-20026

Caduceon Environmental Laboratories
2378 Holly Lane

Ottawa Ontario K1V 7P1
Tel: 613-526-0123

Fax: 613-526-1244

DATE RECEIVED: 28-Jun-22
DATE REPORTED: 11-Jul-22
SAMPLE MATRIX: Waste Water

JOB/PROJECT NO.:

P.O. NUMBER:

WATERWORKS NO.

Client I.D. Raw Pan-2 |Effluent Pan-
3
Sample I.D. B22-20026-1 |B22-20026-2
Date Collected 22-Jun-22 22-Jun-22
Reference Date/Site
Parameter Units R.L. Method Analyzed
Conductivity @25°C pmho/cm 1 SM 2510B | 28-Jun-22/0 1110 726
Nitrite (N) mg/L 0.1 SM4110C | 28-Jun-22/0 <0.1 10.5
Nitrate (N) mg/L 0.1 SM4110C | 28-Jun-22/0 <0.1 1.3
Chloride mg/L 0.5 SM4110C | 28-Jun-22/0 52.5 50.2
Sulphate mg/L 1 SM4110C | 28-Jun-22/0 1 28
Fecal Coliform cfu/200mL 1 MOE E3371| 28-Jun-22/0 800000 <2
Alkalinity(CaCO3) to pH4.5 mg/L 5 SM 2320B | 28-Jun-22/0 400 183
Aluminum mg/L 0.01 SM 3120 | 29-Jun-22/0 0.81 0.03
Calcium mg/L 0.02 SM 3120 | 29-Jun-22/0 9.84 6.90
Cadmium mg/L 0.005 | SM 3120 | 29-Jun-22/0 < 0.005 < 0.005
Cobalt mg/L 0.005 | SM 3120 | 29-Jun-22/0 < 0.005 < 0.005
Copper mg/L 0.002 | SM 3120 | 29-Jun-22/0 0.295 0.035
Chromium mg/L 0.002 | SM 3120 | 29-Jun-22/0 0.005 <0.002
Iron mg/L 0.005 | SM 3120 | 29-Jun-22/0 1.64 0.346
Magnesium mg/L 0.02 SM 3120 | 29-Jun-22/0 3.47 1.71
Manganese mg/L 0.001 SM 3120 | 29-Jun-22/0 0.058 0.027
Sodium mg/L 0.2 SM 3120 | 29-Jun-22/0 49.2 78.5
Nickel mg/L 0.01 SM 3120 | 29-Jun-22/0 0.01 <0.01
Lead mg/L 0.02 SM 3120 | 29-Jun-22/0 <0.02 <0.02
Zinc mg/L 0.005 | SM 3120 | 29-Jun-22/0 0.362 0.056
Hardness (as CaCO3) mg/L 1 SM 3120 | 29-Jun-22/0 39 24
Arsenic mg/L 0.0005| EPA 200.8 | 08-Jul-22/0 0.0009 < 0.0005
Total Organic Carbon mg/L 0.2 EPA 415.2 | 29-Jun-22/0 106 29.8
Mercury mg/L |0.00002 SM 3112 B| 04-Jul-22/0 0.00019 < 0.00002
pH @25°C pH Units SM 4500H | 28-Jun-22/0 7.44 7.72
Oil & Grease-Total mg/L 1.0 SM 5520 | 29-Jun-22/K 233 <1.0
BOD(5 day) mg/L 3 SM 5210B | 29-Jun-22/K 319 6

R.L. = Reporting Limit

Test methods may be modified from specified reference method unless indicated by an *
Site Analyzed=K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill,B-Barrie
The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior consent from

Tabhir Yapici Ph.D
Lab Supervisor
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CADUCEZZN

ENVIRONMENTAL LABORATORIES

Client committed. Quality assured.

CERTIFICATE OF ANALYSIS

Final Report

C.0.C.: G 110816

Report To:

Hamlet of Pangnirtung
P.O. Box 253,

Pangnirtung Nunavut X0A OR0 Canada

Attention: SAO -

Caduceon Environmental Laboratories

2378 Holly Lane

Ottawa Ontario K1V 7P1
Tel: 613-526-0123

Fax: 613-526-1244

REPORT No. B22-20026

DATE RECEIVED: 28-Jun-22
DATE REPORTED: 11-Jul-22

SAMPLE MATRIX: Waste Water

JOB/PROJECT NO.:

P.O. NUMBER:
WATERWORKS NO.

Client I.D. Raw Pan-2 |Effluent Pan-
3

Sample I.D. B22-20026-1 |B22-20026-2
Date Collected 22-Jun-22 22-Jun-22
Reference Date/Site

Parameter Units R.L. Method Analyzed

Ammonia (N)-Total mg/L 0.01 SM4500- | 29-Jun-22/K 94.9 35.8

NH3-H
Phenolics mg/L 0.001 | MOEE 3179| 07-Jul-22/K 0.368 <0.001
Total Suspended Solids mg/L 3 SM2540D | 04-Jul-22/K 360 <3

R.L. = Reporting Limit

Test methods may be modified from specified reference method unless indicated by an *
Site Analyzed=K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill,B-Barrie
The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior consent from

Tabhir Yapici Ph.D

Lab Supervisor

Page 2 of 2.




CADUCEZZN

ENVIRONMENTAL LABORATORIES

Client committed. Quality assured.

CERTIFICATE OF ANALYSIS

Final Report

C.0.C.: G110818

REPORT No. B22-22480

Caduceon Environmental Laboratories

Report To:
Hamlet of Pangnirtung 2378 Holly Lane
P.O. Box 253, Ottawa Ontario K1V 7P1

Pangnirtung Nunavut X0A OR0 Canada
Attention: Peter Mamigk

Tel: 613-526-0123
Fax: 613-526-1244

DATE RECEIVED: 18-Jul-22

JOB/PROJECT NO.:

DATE REPORTED: 26-Jul-22
SAMPLE MATRIX: Leachate

P.O. NUMBER:

WATERWORKS NO.

Client 1.D. PAN-4 PAN-5 PAN-6
Sample I.D. B22-22480-1 |B22-22480-2 |[B22-22480-3
Date Collected 14-Jul-22 14-Jul-22 14-Jul-22
Reference Date/Site
Parameter Units R.L. Method Analyzed
Hardness (as CaCO3) mg/L 1 SM 3120 | 21-Jul-22/0 2720 13 9
Alkalinity(CaCO3) to pH4.5 mg/L 5 SM 2320B | 18-Jul-22/0 8 <5 6
pH @25°C pH Units SM 4500H | 18-Jul-22/0 6.68 6.12 6.50
Conductivity @25°C pmho/cm 1 SM 2510B | 18-Jul-22/0 25900 18 29
Total Suspended Solids mg/L 3 SM2540D | 20-Jul-22/K 68 435 3
Chloride mg/L 0.5 SM4110C | 19-Jul-22/0 7390 2.3 2.4
Nitrite (N) mg/L 0.1 SM4110C | 19-Jul-22/0 <10 <0.1 <0.1
Nitrate (N) mg/L 0.1 SM4110C | 19-Jul-22/0 <10 <0.1 <0.1
Sulphate mg/L 1 SM4110C | 19-Jul-22/0 1110 2 3
Calcium mg/L 0.02 SM 3120 | 21-Jul-22/0 200 2.40 2.92
Potassium mg/L 0.1 SM 3120 | 21-Jul-22/0 184 1.2 0.2
Aluminum mg/L 0.01 SM 3120 | 21-Jul-22/0 0.17 4.55 0.11
Arsenic mg/L 0.0005| EPA 200.8 | 19-Jul-22/0 0.0152 0.0007 < 0.0005
Cadmium mg/L |).00007¢ EPA 200.8 | 19-Jul-22/0 | <0.00070 | <0.000070 | < 0.000070
Chromium mg/L 0.002 | SM 3120 | 21-Jul-22/0 <0.002 0.008 < 0.002
Cobalt mg/L 0.005 | SM 3120 | 21-Jul-22/0 0.009 < 0.005 < 0.005
Copper mg/L 0.002 | SM 3120 | 21-Jul-22/0 0.004 0.011 0.005
Iron mg/L 0.005 | SM 3120 | 21-Jul-22/0 0.765 7.92 0.356
Lead mg/L 0.0001| EPA 200.8 | 19-Jul-22/0 <0.001 0.0023 0.0009
Manganese mg/L 0.001 | SM 3120 | 21-Jul-22/0 0.152 0.058 0.017
Mercury mg/L |0.00002 SM 3112 B| 20-Jul-22/0 | < 0.00002 < 0.00002 < 0.00002
Nickel mg/L 0.01 SM 3120 | 21-Jul-22/0 <0.01 <0.01 <0.01
Zinc mg/L 0.005 | SM 3120 | 21-Jul-22/0 0.053 0.024 0.079
Ammonia (N)-Total mg/L 0.01 SM4500- | 19-Jul-22/K 0.81 0.07 0.02
NH3-H
Phosphorus-Total mg/L 0.01 E3516.2 25-Jul-22/K 0.45 0.66 0.04
Phenolics mg/L 0.001 | MOEE 3179| 20-Jul-22/K <0.001 <0.001 <0.001
BOD(5 day) mg/L 3 SM 5210B | 20-Jul-22/K 18 3 <3

R.L. = Reporting Limit
Test methods may be modified from specified reference method unless indicated by an *
Site Analyzed=K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill,B-Barrie

Tabhir Yapici Ph.D
Lab Supervisor

The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior consent from
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CERTIFICATE OF ANALYSIS

Final Report

CADUCEZZN

ENVIRONMENTAL LABORATORIES

Client committed. Quality assured.

C.0.C.: G110818 REPORT No. B22-22480

Report To: Caduceon Environmental Laboratories
Hamlet of Pangnirtung 2378 Holly Lane
P.O. Box 253, Ottawa Ontario K1V 7P1

Tel: 613-526-0123
Fax: 613-526-1244

JOB/PROJECT NO.:
P.O. NUMBER:

Pangnirtung Nunavut X0A OR0 Canada
Attention: Peter Mamigk

DATE RECEIVED: 18-Jul-22
DATE REPORTED: 26-Jul-22

SAMPLE MATRIX: Leachate

WATERWORKS NO.

Client 1.D. PAN-4 PAN-5 PAN-6
Sample I.D. B22-22480-1 |B22-22480-2 |[B22-22480-3
Date Collected 14-Jul-22 14-Jul-22 14-Jul-22
Reference Date/Site
Parameter Units R.L. Method Analyzed
Total Organic Carbon mg/L 0.2 EPA 415.2 | 19-Jul-22/0 7.2 9.5 6.8
Oil & Grease-Total mg/L 1.0 SM 5520 | 20-Jul-22/K <1.0 <1.0 <1.0
Fecal Coliform cfu/200mL 1 MOE E3371| 18-Jul-22/0 1300 20 <10
PHC F1 (C6-C10) pg/L 25 | MOE E3421| 19-Jul-22/R <25 <25 <25
PHC F2 (>C10-C16) pg/L 50 | MOE E3421| 19-Jul-22/K <50 <50 <50
PHC F3 (>C16-C34) pg/L 400 | MOE E3421| 19-Jul-22/K <400 <400 <400
PHC F4 (>C34-C50) pg/L 400 | MOE E3421| 19-Jul-22/K <400 <400 <400
Acenaphthene Mo/l 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Acenaphthylene po/L 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Anthracene po/L 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Benzo(a)anthracene po/L 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Benzo(a)pyrene Mg/l 0.01 EPA 8270 | 20-Jul-22/K <0.01 <0.01 <0.01
Benzo(b)fluoranthene Mg/l 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Benzo(b+k)fluoranthene Mo/l 0.1 EPA 8270 | 20-Jul-22/K <0.1 <0.1 <0.1
Benzo(g,h,i)perylene pa/L 0.05 | EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Benzo(k)fluoranthene po/L 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Chrysene pg/L 0.05 | EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Dibenzo(a,h)anthracene pg/L 0.05 | EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Fluoranthene pg/L 0.05 | EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Fluorene po/L 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Indeno(1,2,3,-cd)pyrene Mo/l 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Methylnaphthalene,1- pg/L 0.05 | EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Methylnaphthalene,2- pa/L 0.05 | EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Naphthalene pg/L 0.05 | EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Phenanthrene pg/L 0.05 | EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Pyrene po/L 0.05 EPA 8270 | 20-Jul-22/K <0.05 <0.05 <0.05
Benzene po/L 0.5 EPA 8260 | 19-Jul-22/R <0.5 <0.5 <0.5

R.L. = Reporting Limit
Test methods may be modified from specified reference method unless indicated by an *
Site Analyzed=K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill,B-Barrie

The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior consent from

Tabhir Yapici Ph.D
Lab Supervisor
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CADUCEZZN

ENVIRONMENTAL LABORATORIES

Client committed. Quality assured.

F

CERTIFICATE OF ANALYSIS

nal Report

C.0.C.: G110818

Report To:

Hamlet of Pangnirtung

P.O. Box 253,

Pangnirtung Nunavut X0A OR0 Canada
Peter Mamigk

Attention:

REPORT No. B22-22480

Caduceon Environmental Laboratories
2378 Holly Lane

Ottawa Ontario K1V 7P1
Tel: 613-526-0123

Fax: 613-526-1244

DATE RECEIVED:
DATE REPORTED: 26-Jul-22
SAMPLE MATRIX: Leachate

JOB/PROJECT NO.:

P.O. NUMBER:

WATERWORKS NO.

Client I.D. PAN-4 PAN-5 PAN-6
Sample I.D. B22-22480-1 |B22-22480-2 |(B22-22480-3
Date Collected 14-Jul-22 14-Jul-22 14-Jul-22
Reference Date/Site
Parameter Units R.L. Method Analyzed
Toluene po/L 0.5 EPA 8260 | 19-Jul-22/R <0.5 <0.5 <0.5
Ethylbenzene po/L 0.5 EPA 8260 | 19-Jul-22/R <0.5 <0.5 <0.5
Xylene, m,p- po/L 1.0 EPA 8260 | 19-Jul-22/R <1.0 <1.0 <1.0
Xylene, o- po/L 0.5 EPA 8260 | 19-Jul-22/R <0.5 <0.5 <0.5
Xylene, m,p,o- po/L 1.1 EPA 8260 | 19-Jul-22/R <1.1 <1.1 <11

R.L. = Reporting Limit

Test methods may be modified from specified reference method unless indicated by an *
Site Analyzed=K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill,B-Barrie
The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior consent from

Tabhir Yapici Ph.D

Lab Supervisor
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ANNUAL REPORT
FOR THE MUNICIPALITY OF PANGNIRTUNG, 2022

Appendix C
SPILL OCCURANCE | LOCATION | PRODUCT | QUANTINTY | ACTION
DATE SPILLED
2022119 April 05.2022. | Pangnirtung- | Raw 9434 m3
next to the sewage
SW disposal
facility
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Appendix D
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I‘l Crown-Indigenous Relations  Relations Couronne-Autochtones
' and Northern Affairs Canada et Affaires du Nord Canada

WATER LICENCE INSPECTION FORM ] original

|:| Follow-Up Report

Licensee Licensee Representative
Hamlet of Pangnirtung Gord Marinic

Licence No. / Expiry Representative’s Title
3AM-PAN1828 Municipal Engineer
Land / Other Authorizations Land / Other Authorizations
1BW-DUV2025

Date of Inspection Inspector

June 22, 2022 Joseph Monteith
Activities Inspected

[J camp [ prilling [J Mining [ construction [J Reclamation [ Fuel Storage
[ Fuel Storage [ other: [ other: Water Use

& Waste Disposal

Conditions: A- Acceptable U-Unacceptable C-Concern NI-Not Inspected NA- Not applicable
PART: Condition Observation No.*
A: SCOPE, DEFINITIONS AND ENFORCEMENT NA
B: GENERAL CONDITIONS A
C: CONDITIONS APPLYING TO SECURITY NI
D: CONDITIONS APPLYING TO WATER USE A 1-8
E: CONDITIONS APPLYING TO WASTE DISPOSAL AND MANAGEMENT C 9-17
F: CONDITIONS APPLYING TO MODIFICATIONS NI
G: CONDITIONS APPLYING TO CONSTRUCTION NI
H: CONDITIONS APPLYING TO EMERGENCY RESPONSE AND CONTINGENCY PLANNING U 18,19
I: CONDITIONS APPLYING TO ABANDONMENT, RECLAMATION AND CLOSURE PLANNING A
J: CONDITIONS APPLYING TO MONITORING NI 17
SCHEDULES A
* The observation number corresponds with specific comments provided below.
Samples taken by Inspector: Location(s): Latitude : N66° 09’ 00" , Longitude: W65° 40' 34"
[]ves X No
SECTION 1 X comments (s) ] Non-Compliance with Act or Licence (s.__) (] Action Required (s._)
Background

On June 23, 2018 Richard Dwyer, Nunavut Water Board, Manager of Licencing emailed Water Resource Officer(WRO)
Joseph Monteith a copy of the replacement and amended Licence 3AM-PAN1828. In the renewal and amended licence it
indicates that as of May 4, 2018 the Hamlet can now use 120,000m? annually as per the new water licence.

The community infrastructure licenced in the water licences contains a Water Treatment Facility, Waste Water
Treatment Plant(WWTP), Solid Waste Facility, and a Hazardous Waste Storage Facility.

On October 16, 2020 Richard Dwyer, Nunavut Water Board, Manager of Licencing emailed Water Resource
Officer(WRO) Joseph Monteith the issuance of 1BW-DUV2025 renewed Water License, from previously issued water
license 1BW-DUV2025 for a River Crossing and Drainage Redirection project.

Inspector Statement

On June 22, 2022, Water License inspection was conducted by WRO Joseph Monteith on water License 3BM-PAN1828
issued to the Hamlet of Pangnirtung, Qikigtani Region, Nunavut, to verify compliance with the terms and conditions of
the Water Licence 3AM-PAN1828, and 1BW-DUV2025.

General Condition

On April 7, 2021 the Nunavut Water Board uploaded to their FTP site a copy of the Hamlet of Pangnirtung Annual report
for 1BW-DUV2025. ftp://ftp.nwb-oen.ca/reqistry/1%20INDUSTRIAL/1B/1BW%20-%20Watercourse/1BW-
DUV2025/3%20TECH/B%20GENERAL/2%20ANNUAL%20RPT/

Water Use and Related Structures
Duval River — Water Source (See photo 1 & 2)

1. Water is extracted from the Duval River using a water pump and mobile generator. At the time of the
inspection, the work authorized by 1BW-DUV2025 to dredge the water source, and dam up with boulder to
raise the area where water extraction takes place was complete. The license remains to complete work on
the culvert bridge.

2. Water is transferred by pipes from Duval River to the Water Storage Reservoir (photo 2 &3).

C da
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I‘l Crown-Indigenous Relations  Relations Couronne-Autochtones
' and Northern Affairs Canada et Affaires du Nord Canada

Water Treatment Facility & Water Storage Reservoir

3. The Water from Duval River is deposited into a reservoir next to the Water Treatment Facility (photo 3).

Water is delivered from the Water Treatment Plant by truck to the public.

Water Meter after reads 275587.9m? (photo 4).

Water Technician log sheet were up to date and provided at the Waste Water Treatment Facility. First

reading is 235260m3 and the second reading is 235532m? (photo 5).

7. The Water Storage Reservoir capacity is 12,000m? in the summer, and taking in considerations for the 1.8
metres of ice 71,000m? in winter. It was reported that there was a leak in the west wall facing the
community coming from a monitoring station, and culvert.

ouk

Water Usage Reports

8. The Hamlet is authorized to withdrawal 120,000m?.
Water usage records were emailed to WRO Monteith on October 7, 2022. In the report it showed that the
community had withdrawn and delivered from January 1, 2022 to September 30, 2022. Report shows
38,019,155.55 Litres delivered (photo 6).

Waste Water Treatment Plant (WWTP)

9. The WWTP utilizes the GE MBR system to treat domestic sewage, as well as fish processing wastewater
generated at the Pangnirtung Fisheries site. The quality of the WWTP effluent is well suited for discharge to
the Pangnirtung Fiord. The various treatment processes used at the plant include coarse screening, fine
screening(photo 7), equalization, bioreactor tanks, membranes, U.V. disinfection, pumping at various points
in the process, waste sludge dewatering, final effluent re-use; and various chemical feed systems to aid in
the treatment. The Waste Water Treatment Facility located 146 metres from the high water mark of the
ocean(photo 8).

10. Liquid waste is discharged from the WWTP towards the ocean from a pipe that extends out 19 metres out
(See photo 8).

11. Due to decommissioning all waste water was deposited GPS Coordinate N66.15617°, W65.67116° (decimal
degrees). On October 26, 2022, Gord Marinic emailed WRO Monteith a copy of the “Pangnirtung
Wastewater Treatment Plant Repair Report”, and the “Pangnirtung Emergency Sewage Discharge Volume
Estimate April 5-May 27 2022”. A total of 9434 m? was discharged to the receiving environment( photo 19).
All details of the occurrence that lead to the deposits are in observation # 19.

Solid Waste Facility

12. The burn and cap is fenced, and also has two drainage culverts at the base of the landfill. A drainage basing
on East side of the burn and cap has large amounts of wind blown debris and bulk wood deposits (photo 9).

13. The bulk metals area contains such waste as vehicles, white waste, snowmobiles, and all-terrain vehicles,
various sized storage tanks. It was observed that the containment walls meant to divert water and waste
from entering and exiting this facility has retained surface water. (photo 10 & 11).

14. Hazardous Waste was found throughout the Bulk woods section such as paint cans, and batteries. A dump
fire was reported on December 2, 2022 in Nunatsiaqg News, it was reported that the dump fire was
extinguished on December 5, 2022. A spill report has not yet been submitted to the NT/NU Spills Data base (
photo 17).

15. The Bulk Metals section is merged with the Hazardous Waste section (photo 9).

16. Hazardous Waste section contains a full sea can mostly of electronics, paint cans and batteries. Accessing
the sea can proved unsafe due to the amount of abandoned snowmobiles, and other bulk metal in front of
the sea can entrance. Walls of sea can are compromised, and cannot hold any leaks. The bulk metal and the
hazardous waste does not have any fencing as required by Part E: Item 6 (Photo 12).

17. A monitoring station on the South East Side of the Bulk Metal Solid Waste Facility (photo 18).

Spill Reports

18. A separate and standalone Hazardous Waste non-engineered berm was constructed to address Spill Report
2019-244 (photos 14, 15, & 16). A submission of a Spill Report was requested due to the abundance of leaks,
and spills that have damaged the surrounding vegetation and the amount of hazardous waste blowing away
from the site (photo 13 &14). The Spill Report was submitted on June 17, 2019. And issued Spill Report
number 2019-244. This spill report won’t be closed off till the spills has been cleaned up, and a report to
confirm that the spill has been cleaned up. It was observed that large spills did occur in the newly built non
engineered berm for hazardous waste and still has gone un reported (photo 15). The spill observed
appeared to be migrating towards the entrance to the non engineered hazardous waste berm (photo 16).

19. Spill Report 2022-119 A heave in the foundation of the WWTP has caused damage to the headworks piping,
which rendered the bypass function of the WWTP inoperable. The hamlet deposited its sewage directly to
the receiving environment and logged the discharge volumes. On October 26, 2022, Gord Marinic emailed
WRO Monteith a copy of the “Pangnirtung Wastewater Treatment Plant Repair Report”, and the
“Pangnirtung Emergency Sewage Discharge Volume Estimate April 5-May 27 2022”. A total of 9434 m® was
discharged to the receiving environment. The discharge location was greater than 31 metres from the high
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water mark. All conditions for spill reporting, and submitting a detailed report are compliant, and the spill
report has been closed.

Action Required
The following information is a summary of the Actions Required by the licensee to promote and ensure compliance.
Please provide a response to the following Actions Required within 30 days of receiving this report proposing timelines
to address the concerns noted:
e Provide an action plan to clean up the site of Spill Report 2019-244;
e Find the reason why there is water leaks coming from the water reservoir and repair;
e Repair the walls to the Bulk Metals, and Bulk Woods on the Eastern Wall, so that surface water may not enter
the facility;
e Submit spill report for the spills in the newly built non engineered berm for hazardous waste;
e Erect a fence surrounding the Metal and Hazardous Waste Storage Area as per Part E: Item §;
e Submit a spill report for the dump fire at the Bulk Wood and Hazardous Waste sections of the Solid Waste
Facility.
Non-Compliance with the Act, or the Licence
e PartE: Item 7: The Licensee shall implement measures to prevent hazardous materials and/or leachate from the
Solid Waste Management Facility and Metal and Hazardous Waste Storage Area from entering water, and shall
control surface runoff from the Solid Waste Management Facility and Metal Storage Area.
e PartE: Item 8: The Licensee shall erect a fence surrounding the Metal and Hazardous Waste Storage Area within
six months of the approval of this Licence by the Minister.
e Part B: ltem 7. The Licensee shall immediately report to the 24-Hour Spill Report Line at (867) 920-
8130, any spills of Waste, which are reported to, or observed by the Licensee, within the

municipal boundaries or in the areas of the Water Supply or Waste Disposal Facilities.

Licensee or Representative Inspector’s Name
Gord Marinic Joseph Monteith
Signature Signature
Date Date
December 12, 2022

CC: Licensing Department, NWB
Jeremy Fraser, Manager of Field Operations, CIRNAC

PHOTO LOG
Date Camera Inspector

June 22, 2022 Galaxy $-9/Panasonic CF-33 Joseph Monteith ]

Photo Log # Location
Photo 1 Pangnirtung, Qikigtani Region, Nunavut

awn down. This activity is authorized under

: g LA o £ i ila > 3 & 3
Description: Pangnirtung Water Source. The Duval River. Withdrawal point does not appear to be dr

water license 1BW-DUV2025
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Photo Log #1 Location

Photo 2 Pangnirtung
. 3 e _ S R ~: 2 2 2 4

arging pipes which go from the rive
The River Redirection activity on the Duval River is at the end of the road at river.

Photo Log #1 Location

Photo 3 Pangnirtung _

g
N

71,000m?® in winter.
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Photo Log #1 Location
Photo 4 Pangnirtung

Description: Water Meter after reads 275587.9m?

Photo Log #1 Location
Photo 5 Pangnirtung
e Cm——y W QN o €N = e —
ok o . W R
—
D
— X L [ o oo Ly 500

Description: Log Book in Water Treatment Facility. Readings appear to be in chronological order, but the dates haven’t been filled in, so no date
to ascertain the uniformity in recording. First reading is 235260m3 and the second reading is 235532m?3
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Location

Photo Log #1

Photo 6

Pangnirtung

Delivery Summary By Month and Year

Printed on: Ot 072022 @ 1-HE5TPM

12022 202022 3/2022  4/2022 52022

Month / Year

January 2022
February 2022
March 2022
April 2022
May 2022
June 2022
July 2022
August 2022

September 2022

Grand Total:

P >

8/2022 72022 872022

Month/Year

Litres Delivered
4,199,175.70
4,082.085.80
4,531,005.64
4,264,807.11
4,242,305.40
4,433,358.50
3,881,440.70
4,152,0H5.70

4,246.852.00

38,019,155.55

Page: 1 of 1
Date Range From:Jan-01-2022 To: Sep-30-2022
S000K
4500K
4000K
500K W 12022
212022
g 3000K B 32022
= W 4r2022
= 2500K M si2022
62022
F 2000K W 7r2022
W 82022
1500K W o202z
1000K
500K

-

2022

Description: Water Usage Report from January 1, 2022 to September 30, 2022

. Report shows 38,019,155.55 Litres delivered.

Photo Log #1 Location

Photo 7

Pangnirtung

Description: Inside the receiving station of the Waste Water Treatment Facility on the right side of the road.

Canada

Report #Click here to enter text.
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Photo Log #1 Location
Photo 8

Photo Log #1 Location
Photo 9 i
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Photo Log #1 Locatio

Photo 10 Pangnirtung

Description: Bulk Metals section. East Corner of the Bulk Metals Facility. The wall to divert water from entering the facility has washed away.
The washed away wall, allows surface water to move through one of three hazardous waste facilities.

Photo Log #1 ocation

Photo 11 Pangnirtung

~ Ay = i . F L g A FEA =AY /N2 N P A N ¥
Description: Hazardous Waste in the Bulk Metals section. A couple of parts of the walls on the East side of the Bulk Metal appear to have
washed out. These washed out walls need to be repaired to ensure that no water is entering the facility, and taking waste with it as it exits the
facility.
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cati
Photo 12 Pangnirtung

Z i o R -

Description: The Bulk Metal Debris in front of Hazardous Waste Sea Can. New deposits of bulk metal along the entrance of the bulk metals and
hazardous waste facilities.

Photo Log #1 Location

Photo 13 Site of Spill Report 2019-244

Description: Site of Spill Report 2019-244. All the sources of the spills were removed and placed into a non-engineered berm on the opposite side
of the road, and at the entrance to the Bulk Metals facility. The spills that leaked out of the drums hasn’t been cleaned up, and the spill report will
remain open till it has been cleaned up. A report should be generated as per the license to provide a status update, and plans to clean up the spill.
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Locati
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Description: Although the source of contamination has stopped, there is still clean up required of the historic spills.

Photo Log #1 Location
Photo 15 Longitude 65° 40.274'W

oL 5 e . 7% g \ i AL Sos.

Description: The drums from Spill Report 2019-244, placed int y containment. New spill migrating towards th
opening of the non-engineered berm for hazardous waste. A spill report should be generated for this spill, and mitigate the migration of it. To
date no spill reports have been submitted for the spills in the hazardous waste facility.
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Photo Log #1 Location
Photo 16 Pangnirtung
oS 153

A A TN e e s |
Description: subsurface water drainage exposed and migrating out of non-engineered berm used to house the hazardous waste. A drum is
situated in the drainage ditch, and new spill can be observed migrating towards the drainage ditch.

Photo Log #1 Location
Photo 17 Pangnirtung

Description: Bulk Woods section, hazardous waste mixed with bulk woods.

Canada
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Photo Log #1 Location
Photo 18 Pangnirtung

s

A e

Description: Water exiting the south east corner of the Bulk Metals section of the solid waste facility.

Photo Log #1 cation

Photo 19 Pangnirtung
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Description: A total of 9434m3 of sewage was deposited to the receiving environment between April 5, 2022, and May 27, 2022. Deposits are a
result of spill report 2022-119.

L

Canada Report #Click here to enter text. Page 12 of 12



Hamlet of Pangnirtung

Type of Document:

Hydrological and Water Balance Desktop Study Report — Hamlet of Pangnirtung

Project Name:

Hydrological Desktop Study — Hamlet of Pangnirtung

EXP Project Number:
FRE-22019494-A0

Submitted By:

EXP

100-2650 Queensview Drive
Ottawa, ON K2B 8H6

t: +1.613.688.1899

f: +1.613.225.7337

Date Submitted:
2022-09-21

Prepared by

= Ay

Chris Keung, P.En ASc.
Municipal Arctic Engi

DaryI Burke M. Sc E P Eng .

Project Manager




i

Hamlet of Pangnirtung

Hydrological and Water Balance Report
Pangnirtung, Nunavut
FRE-22019494-A0

September 21, 2022

Table of Contents

1 QYo T 1T 4o o 1
1.1 OVBIVIBW ..ttt ettt e e e st e e e e s e et et e e e s e s s b e et e e e e e s s r e e et e e e e e s mn e e et et e e e san s e naeeeesesaannneeeeeeesannnreneeeeesanans 1
1.2 (0] o=t 17 SR 1
2 Previous Hydrological INVeStigatioNns .......cccuiiiiiiiiiiiiiiiiiiiiiiiiiiiiininiinnnnnnnnnsnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 2
2.1 Hydrological Analysis of Municipal Source Water Availability in the Canadian Arctic Territory of Nunavut
(Hayward, J., Johnston, L., Jackson, A. and Jamieson, R., 2020)
2.2 Water Resources Development for High Arctic Commnuities (SUK, 1975).......ciiiciiiiiiiiie e eeveee e eree s 2
2.3 Water Survey of Canada — Duval River, Pangnirtung (1973 t0 1983) .......uiieiiiiiieiiiee ettt ettt et e 2
3 23 Lol 4= o T4 T 3
3.1 Community and Existing Water SUPPIY SYSEEM ..ciiuiiii et e st e e e eeae e e st e e eneae e ennaeas 3
3.1.1 P AN N UG bt a bt a bt batnbnbnbatnnnnnbnbnnnnnen 3
3.2 1Y 1= g Yo Yo o] [ =4V RSN 4
3.2.1  Catchment and Basin PhYSIOBIapNy ....ciicciiii ettt et e e et e e e enae e e s e e e eneaeeennnaeas 4
3.2.2  Watershed DeliNAtION .....c.uiiiieiiieeiiet ettt et e s sate e e s sab e e e s bae e s sabaeeesabbeeesnnbaeesnasaeas 4
3.2.3  Water SUPPIY MOEIING ...ttt sttt e e sttt e e st a e e s sabee e e sbbeeessbaeesnanaeas 5
4 3 LT U 13
4.1 PangNirtUNE — DUVAI RIVET ...oeeueeiieiciiee ettt ettt e et e e ettt e e e st e e e e e aaaeeesasseeesastaeesansaeeesnsseeeassneennnnens 13
4.1.1  Watershed DElNEATION ....cii ittt ettt e e st e e s sbae e e s sbbeeessabaeessaseeeesnsaeeeas 13
4.1.2  Water Balance and Water SOUICE ASSESSIMENT .....ciiiiiieiiiiiieeiriieeesiieeeesiteeesieeessstbeeessbeeessseeeesnnseeeens 14
5 T ol U T o T o 16
5.1 oV e [ o T=4 ol 2Y=T={ 1o o 1= TSP UURURN 16
5.2 Pangnirtung
5.2.1  Water Balance Scenarios and OULCOMES .....c.ceviuiirrieiniieinieeiiieesiteesieeesieesieessieessbeeesieessbeeesseessbaesnaeesnne 16
5.2.2  Climate Change ConSIdEratioNs........ccuiiieciiieiiiieeeciee e et e esteeeestre e s sraeeessataeeestseeeassseesssseeeessseeennnes 17
5.2.3 [ oToTe [ TaY =38 S ] USRI 17
o V) (=T g [0l o [l < DU SO UPPPUUPTRPIP 18
5.2.5  Previous Flow and Discharge Information for Duval River (1973 —1983)......ccccccouiieeiiiieeeciieeeeciiee e 18
5.2.6 Recommendations for FULUIE STUIES.......uiiiiiiiiieecctee ettt s 21
6 Limitations of Water Balance ANalYSis......ccciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 22
7 CONCIUSTIONS .euureiriiiiiiiiiiinnteiiiiiiisiineeetiessssssssnesesssssssssssnsssssssssssssssssssssssssssssssssssssssssssssessssssssssssssesssssssssssssnesssssssssssnnnnes 23
8 3= LT =T ol 25
Appendix A — Watershed Delineation Map (DUVAI RIVEF) .....cccccvvrereiiiiiiiisineeeniisiiisssneeesesssssssssnsssssssssssssssssssssssssssnnsasssssssssssnnses i
Appendix B — Water Balance Calculations and Precipitation Data (Pangnirtung) ........ccccceeeeiiecirrnnneeeiinicsssssneeessssssssssnneeessssssnnns i
Appendix C — Duval River Discharge and FIOW Data (1973-1983)......c.cccccciiirrrrereriiiiiissssneennssssssssssnessssssssssssnssssssssssssssnsessssssssssns iii
Appendix D — Seasonal Surface Displacement Map and Surficial Geology Map........cccciiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeneeen. iv
Y



1

Hamlet of Pangnirtung

Hydrological and Water Balance Report
Pangnirtung, Nunavut
FRE-22019494-A0

September 21, 2022

EXP was retained by the Hamlet of Pangnirtung to complete a coarse-resolution hydrological and water-balance
desktop study for the Hamlet of Pangnirtung to determine if the existing water source (Duval River) and watershed
is sustainable to provide enough water each year to meet the current and future needs for the community over a 30-
year horizon.

It is anticipated that this initial desktop study will be used to develop a more comprehensive field program to further
investigate the flow characteristics and regime of the Duval River.

Arctic community water supply systems have several components that are vulnerable to changing conditions such as
capacity of the existing water infrastructure (water storage, distribution, treatment) and variability in streamflow.
The main objective of this study is to complete a hydrological and water balance study to assess the suitability of the
community’s current source watershed and its ability to provide enough water to meet the current and future needs
of the community over a 30-year horizon to the year 2054. The specific tasks of this study include:

Review of existing background information.
Climate characterization and potential impacts on water supply from climate change.
Summary of the hydrologic regime of the system.

Water balance study considering the ecologic characteristics of the source. This includes defining any
regulatory requirements that may impact water use volumes.

Watershed characterization and coarse resolution analysis to characterize annual watershed yield
versus expected water use of the community and accounts for annual municipal water supply
usage, population growth and potential impacts of climate change.

Review of existing discharge and stream flow data for the Duval River water source.

Recommendations on if the current water source will be sustainable for the community for a 30-year
horizon.

Note that this desktop study does not include any field investigations.

Based on the Hamlet’s current Type A Water Licence (# 3AM-PAN1828), EXP understands that a future study is
required to ultimately detail discharge volume/velocity, drawdown rates, erosion, sedimentation, water quality, and
variability of discharge into the Duval River. It is anticipated that this initial desktop study will be used to develop a
more comprehensive field program to further investigate the flow characteristics and regime of the Duval River (e.g.
flow rates, installation of flow gauges, timing dates of flow/melt period, topographic survey, water quality analyzes).

“exp.
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A desktop study in 2020 provides a screening level vulnerability assessment of municipal drinking water supplies for
the communities in Nunavut with consideration to climate change, population growth, and infrastructure changes.
Water balance models were used to predict the annual water yield for each watershed using historical and projected
climate data. The study only focuses on the ability of the source watershed to supply annual water volumes and did
not include an analysis of storage infrastructure or seasonal water availability. Findings from the study include:

Overall increasing trends in evapotranspiration (22 out of 24 communities)

Statistical precipitation trends for Pangnirtung were inconclusive due to limited data availability

Based on the worst-case scenario of 50-year return period minimum precipitation and maximum
evapotranspiration (ET), the following vulnerability threat levels were identified for historical,
2016-2040 and 2041-2070 timelines:
Pangnirtung
= Water shortage vulnerability for the current water source (Duval River) was considered low for
all three timeline scenarios (historical, 2016-2040 and 2041-2070)
* Duval River watershed area was estimated as 9,270 ha (92,700,000 m?)

Most influential factor regarding water supply vulnerability threat levels appears to be the size of the
source watershed

A Master’s thesis from McMaster University in 1975 titled “Water Resources Development for High Arctic
Communities” included a field campaign that measured the flow rates and discharge of the Duval River in Pangnirtung
over the 1974 season. Findings from this document will be discussed in Section 5 of the report.

Between 1973 and 1983, the Water Survey of Canada monitored and recorded daily discharge for the Duval River
near Pangnirtung (Station 10UF001 — 66° 04' 03" N, 65° 41' 10" W). This information has been reviewed and will be
discussed in Section 5 of the report.

“ex P‘
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3 Background

3.1 Community and Existing Water Supply System
3.1.1 Pangnirtung

The Hamlet of Pangnirtung is located at 66°08’ N latitude and 65°41’ W longitude on the eastern side of Baffin Island
in Nunavut. The core community lies on the western side of Cumberland Peninsula and on the southeast side of
Pangnirtung Fiord. The municipal boundary covers an area of approximately 7.5 km? and is within Northern Arctic
and Arctic Cordillera terrestrial ecozones (Figure 3-1).

Terrestrial ecozones

[ Arctic Cordillera
- Northern Arctic
- Southern Arctic

[ Taiga Plains
B Taiga shield

Boreal Shield

PANGNIRTUNG

Atlantic Maritime
Mixedwood Plains
Boreal Plains
Prairies

Taiga Cordillera

Boreal Cordillera

Pacific Maritime
Montane Cordillera

Hudson Plains

BEREE(EEEE

Figure 3-1: Pangnirtung and Terrestrial Ecozones of Canada

The Duval River is the main drinking water source for the Hamlet of Pangnirtung which runs through the community
(Figure 3-2). The river is typically frozen from October to June each year.

A water storage reservoir originally constructed in the mid 1980’s is located approximately 100 m east of the Duval
River and is used for the Hamlet’s annual storage. The reservoir has a nominal capacity of 120,000 m3; current annual
water use is in the order of approximately 50,000 to 60,000 m3. The reservoir is 40 m X 140 m along the bottom and
125 m X 225 m along the top. The 10 m depth includes an ice allowance of 1.8 m which reduces the effective storage
to about 71,000 m? for the eight- to ten-month period of ice cover (over-winter storage) (EXP, 2018).

The reservoir is filled at the beginning of each summer when the Duval River is flowing. The current Water Licence
(#3AM-PAN1828) limits withdrawal of water from the Duval River to the months of July and August. Water is drawn
from the Duval River via a wheel-mounted pump and a 200 mm diameter high density polyethylene (HDPE) fill pipe.
The pump and pump-suction intake are only in place during the duration of the reservoir filling. Following the filling
operation, the pump and pump suction are then drained, winterized and returned to storage.

()
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The existing water treatment plant is located just to the east of the reservoir. Following treatment, a fleet of water
delivery vehicles brings water from the water treatment plant and distributes it to residents.

A% Duval RiverFill

\'_ -
Paoint

Duval River ' ——7

Figure 3-2: Map of Pangnirtung and Duval River

3.2 Methodology
3.2.1 Catchment and Basin Physiography

This study focuses on a coarse-resolution analysis to characterize annual watershed yield versus expected water use
of the community and accounts for annual municipal water supply usage, population growth and potential impacts
of climate change.

3.2.2 Watershed Delineation

e High Resolution Digital Elevation Models (HRDEM — CanElevation Series) were downloaded from the
Natural Resources Canada website and were used to delineate the various watersheds. Digital Surface
Model (DSM) datasets were provided at 2 m resolution using the Polar Stereographic North coordinate
system referenced to WGS84 horizontal datum or UTM NAD83 (UTM Zone 20N)

e Watersheds were delineated using ERSI ArcGIS Pro. Spatial Analyst Tool (Hydrology Tools) within the
ArcGIS Pro software were used to preprocess the DEMs/DSMs prior to analysis. The flow direction, flow
accumulation and watershed delineation tools were used to delineate each watershed for a specific
extraction point (i.e., extraction point for the water source)

2
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3.2.3 Water Supply Modelling
3.2.3.1 Water Balance Formulation
Water budgets (as volumes) were computed on an annual basis assuming steady conditions with respect to storage

within the watershed. Water volumes are removed (losses) from the watershed through community water usage
and evapotranspiration (ET). Water volumes are recharged (inputs) into the watershed through annual precipitation.

The change in annual storage volume equation (water balance) within a watershed is given as:

_(P—ET)

AS = 1000 X Area,, — U

Where:
e AS =change in annual storage volume (m3/year)
e P =annual total precipitation as rain or snow (mm/year)
e ET =annual evapotranspiration rate (mm/year)
e Areay = catchment area of the watershed (m?)
e U =annual water usage of the community (m3/year)

If AS >0, precipitation (input) exceeds ET and water use (losses) in the watershed and the annual net balance is
positive.

If AS <0, precipitation does not exceed ET and water use in the watershed and the annual net balance is negative.

This approach assumes no cross-boundary sub-surface water flow and treats one drainage basin. Each drainage basin
is a single unit and recognizes no ET spatial distribution within the basin.

Percolation due to groundwater is assumed to be negligible due to underlain permafrost. The equation above
assumes that the entirety of the precipitation entering the watershed experiences evapotranspiration.

Underestimation of precipitation due to snow undercatch and water losses due to sublimation were not accounted
for in the calculation. Actual basin snow amounts are usually larger than measured values (at weather stations) which
suffer from gauge undercatch and thus the use of snow gauge data was deemed as a conservative approach for this
study. Estimates for snow undercatch can range from 10% to 75% depending on gauge type and wind conditions.
Sublimation losses have not been characterized. Characterization of these processes requires detailed
meteorological data.

3.2.3.2 Population Projections, Daily Water Consumption and Annual Water Use Rates

Population projections for the Hamlet of Pangnirtung up to 2035 have been provided by the Nunavut Bureau of
Statistics (2014). The average population growth rate of 1.21% from 2014 to 2035 was used to project populations
to the design horizon year of 2054.

The 2020 Nunavut Draft Guideline Document “Water Treatment Plant Design” and Standardized Treatment Train
(SWTT) guideline states a minimum per capita average day water consumption rate of 120 litres per capita per day
(Ipcd) for water treatment plant design for truck fill communities.

Y
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Annual historical water use records were reviewed between 2002-2018 to determine the actual recorded average
daily consumption. Note that records were missing for the years 2004, 2005, 2007, 2008 and 2009. For the Hamlet
of Pangnirtung between 2008-2020, average daily consumption was recorded as 76 Ipcd. The maximum recorded
average daily demand occurred in 2003 and was 98 Ipcd. Historical recorded daily demands for the Hamlet are
typically lower than the design value of 120 Ipcd. Thus, the design value of 120 Ipcd has been used as a conservative
value to estimate the annual water use rates for the water balance calculations. Population projections and projected

annual water use rates for Pangnirtung to 2054 are provided in Table 3-1.

Projected Water

Table 3-1: Pangnirtung Population Projections and Projected Annual Water Use Rates

Projected Water

Population

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037

1,789
1,810
1,829
1,847
1,866
1,885
1,906
1,934
1,953
1,973
1,992
2,012
2,034
2,055
2,075
2,100
2,126

Use (m3/year) *

78,358
79,278
80,110
80,899
81,731
82,563
83,483
84,709
85,541
86,417
87,250
88,126
89,089
90,009
90,885
91,985
93,098

2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054

2,151
2,177
2,204
2,230
2,257
2,285
2,312
2,340
2,369
2,397
2,426
2,456
2,485
2,515
2,546
2,577
2,608

* Water use based on design value of 120 Ipcd

3.2.3.3 Meteorology / Precipitation Data

Use (m3/year) *

94,224

95,364

96,518

97,686

98,868

100,064
101,275
102,501
103,741
104,996
106,267
107,552
108,854
110,171
111,504
112,853
114,219

o Historical data was downloaded from the Environment and Climate Change Canada website to calculate annual

total precipitation at a given weather station

o Total precipitation includes the input of snowfall and rainfall

o 28 years of climate data was used for Pangnirtung during the periods of 1931-1939 and between 1996-

2021 and have been summarized in Table 3-2 and attached in Appendix B.
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e Minimum, maximum, median, average, 3-year low, 5-year low, 10-year low and 3-year high values
(mm/year) were calculated for each complete precipitation dataset.

— At many of the weather stations near to Pangnirtung, there are significant gaps in the collected
data and concerns about the accuracy of measurements. If a yearly dataset had three or more
months of missing data, this dataset was omitted.

Table 3-2: Summary of Estimated Total Annual Precipitation (Snow + Rain) for Pangnirtung

_ Annual Total Precipitation (mm/year)

Minimum (mm/year) 212
Maximum (mm/year) 585
Median (mm/year) 352
Mean (mm/year) 341
3-year low average 219
5-year low average 226
10-year low average 258
3-year high average 515
5-year high average 469

LeBlanc et al. (2010) noted that annual precipitation for the Hamlet for the period of 1925 to 1950 was 336 mm.
From the 1950’s to the early 1990’s, the average annual precipitation was 395 mm. This is comparable and consistent
with the annual precipitation values calculated above.

30-year Climate Normal Datasets (1981-2010) are available on the Environment and Climate Change Canada website
for select communities in Nunavut and have been provided to compare average annual precipitation values and
trends. Iqaluit (300 km away from Pangnirtung) has more available and continuous weather records compared to the
Pangnirtung weather stations and provides a snapshot of the precipitation values and trends that are experienced in
similar North Arctic environments. Average monthly precipitation data using the 30-year Climate Normal datasets
for Igaluit are summarized in Table 3-3.

Table 3-3: Climate Normals Precipitation between 1981-2010 for Igaluit, Nunavut

—mmmmmnmmmmm

Rainfall (mm) 23.8 519 686 422
Snowfall (mm) 21.7 21.0 216 315 276 93 0.0 09 132 294 29.7 234 229
Precipitation (mm)  19.7 18.7 | 187 27.5 | 29.2 A 33.0 519  69.5 552 | 333 272 199 404

()
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3.2.3.4 Precipitation Projections for Water Balance Calculations

Snow and rainfall contribute to the precipitation inputs for the water balance calculations. However, as raw water
extraction only occurs up until the end of August, rainfall that occurs from September onwards is not available to the
watershed and must be omitted from the available inputs.

LeBlanc et al. (2010) also noted that during the period between the 1950s and 1990s, 44% of the annual precipitation
occurred as rain typically between June and September. Between 1996 and 2007, the portion of precipitation
occurring as rainfall showed increasing trends. During this period, the Hamlet received an average of 200 mm of
precipitation (rainfall) during the summer months which equated to approximately 54% of the annual total
precipitation.

Based on best available climate information, the following assumptions have been used to estimate the available
total precipitation for the water balance studies:

o 40% of the total annual precipitation occurs as snowfall. It is assumed that the entire portion of snowfall
is available and provides positive inputs into the watershed as snowmelt

e The remaining 60% of the total annual precipitation occurs as rainfall between June and September

e Based on the 30-year Climate Normals datasets for Igaluit, it is assumed that for Pangnirtung,
approximately 70% of the rainfall occurs before September (i.e. months of June, July and August).

The precipitation available to the Duval River watershed has been estimated based on these assumptions and is
summarized in Table 3-4 below.

Table 3-4: Summary of Estimated Available Precipitation for Duval River Water Balance Studies

Annual Total Annual Annual Available Rainfall | Total Inputs for
Precipitation Snowfall CETEL for Extraction Calculations
(mm/year) (mm/year)* | (mm/year) ** (mm/year) ™" (mm/year) ©***
Minimum (mm/year) 212
Maximum (mm/year) 585 234 351 246 480
Median (mm/year) 352 141 211 148 289
Mean (mm/year) 341 137 205 143 280
3-year low average 219 88 131 92 179
5-year low average 226 90 136 95 185
10-year low average 258 103 155 108 212
3-year high average 515 206 309 216 422
5-year high average 469 188 281 197 385

*

40% of total precipitation

ok

60% of total precipitation

ko

rainfall occurring before September = 70% of annual rainfall

EETTY

Total Inputs = Annual Snowfall + Available Rainfall for Extraction
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3.2.3.5 Evapotranspiration

Evapotranspiration (ET) is the primary mechanism for water loss from a watershed underlain by permafrost.
However, sparse data is available regarding actual ET rates for the study community of Pangnirtung and for the Arctic
geography as a whole.

For this assignment, a literature review was completed using past research that investigated annual ET in geographies
above 60°N latitude and specifically for the terrestrial ecozones of the Arctic Cordillera and the Northern Arctic. This
information includes ET data for intermittent river and ephemeral stream systems. These values have been listed in
Table 3-5 below.

“ex P’
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Table 3-5: Reported Annual ET Rates (mm/year) in Arctic Environments

R A |ETR Ref
Lat (°N) Long (°W) Year eported Annua ate eference
(mm/year) Paper

Cape Dorset, NU 64.2 76.5 2016
Naujaat, NU 66.5 86.2 2016 65 2
1978 (July 1 - Aug 31) 61
1979 (July 1 - Aug 26) 52
Resolute, NU 74.7 95.0 3
1976 (May - Sept) 39
1978 (May - Sept) 46
1969 (June 20 - Aug 31) 85
Axel He'bNng Island, 79.8 913 1970 (June 1 - Aug 14) 86 5
1972 (June 28 - Aug 22) 82
McMaster River
Basin, Cornwallis 75.1 95.1 1976-1981 30-51 3
Island, NU
E"esmel\lra Island, 80.8 72.7 1975 (July 6 - Aug 17) 27 3
Heather Creek,
Ellesmere Island, 80.0 84.5 1990-1991 86 4
NU
Hot Weather Creek,
Ellesmere Island, 80.0 84.5 1997 56 5
NU
Devon Island, NU 76.0 85.0 1972-1974 81 4
Bathurst Island, NU 75.7 98.7 2008-2010, 2012 103 4
Melville Island, NU 74.9 109.5 2007-2009 81 4
Ross Point, Melville 74.0 107.0 1986 43 4
Island, NU

1Centre for Water Resource Studies (2017). Wetland Treatment Area Study in Cape Dorset, Nunavut. Dalhousie University,
Halifax, NS, January 2017.

2 Centre for Water Resource Studies (2017). Wetland Treatment Area Study in Naujaat, Nunavut. Dalhousie University, Halifax,
NS, January 2017.

3Kane, D.L., Gieck, R.E., & Hinzman, L.D. (1990). Evapotranspiration from a Small Alaskan Arctic Watershed. Nordic Hydrology,
21, 253-272.

4Young, K.L., Lafreniére, M.J.m Lamoureux, S.F., Abnizova, A. & Miller, E.A. (2015). Recent multi-year streamflow regimes and
water budgets of hillslope catchments in the Canadian High Arctic: evaluation and comparison to other small Arctic watershed
studies. Hydrology Research, 46(4), 533-550.

5Young, K.L. & Woo, M.K. (2004). Queen Elizabeth Islands: water balance investigations. Northern Research Basins Water
Balance, 290, 152-163.

o
@y
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Minimum, maximum, median, average and 3-year high annual ET values for the water balance study have been
calculated using these literature values and have been presented in Table 3-6, below.

Table 3-6: Calculated ET Values Used for Water Balance Calculations

ET Parameter ET (mm/year)

Minimum ET 27
Maximum ET 103
Median ET 63
Average ET 65
3-year high ET 86

As a comparison, in a study completed by Wang et al. (2013), mean annual ET values were modeled for the 15
ecozones in Canada over the period of 1979-2008. In both the Arctic Cordillera and northern Arctic ecozones, mean
annual ET values were noted to be less than 100 mm/year.

ET rates greatly decrease with increasing latitude because of the decrease of solar irradiance and air temperature.
The annual surface irradiance in the Northern Arctic is approximately 2500 MJem2yr! which is almost 60% less than
communities in the south (Wang et al., 2015). Typically, communities further south (below 60°N latitude) experience
higher ET values, which illustrates that the chosen ET values for the Northern Arctic communities are appropriate for
the conservative approach applied for the purposes of this screening study.

3.2.3.6  Water Balance Scenarios

For the water balance calculations, fifteen (15) scenarios were analyzed. Taking a conservative approach, the fifteen
analyzed scenarios use below average values for precipitation (inputs) and above average values for
evapotranspiration (losses). The worst-case would be represented as Scenario 1, with minimum precipitation and
maximum ET.

Table 3-7: Scenarios for Water Balance Calculations

1 minimum maximum
2 minimum 3-year high
3 minimum average

4 3-year low maximum
5 3-year low 3-year high
6 3-year low average

7 5-year low maximum
8 5-year low 3-year high

()
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11
12
13
14
15

5-year low
10-year low
10-year low
10-year low
median
median

median

average
maximum
3-year high
average
maximum
3-year high

average
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4.1 Pangnirtung — Duval River

4.1.1 Watershed Delineation
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The catchment/watershed area for Duval River is shown in Figure 4-1 below (Appendix A). Table 4-1 presents the

delineated watershed area for the Duval River.

gnirtung

== Stream Networks

e

Duval River Fill Point

| Duval River Watershed (8925 Ha)

/Ay Pangnirtung Hydrology Study

0 1 2 4 6 8 Duval River Watershed
Kilometere 4 Date: August 2022

Figure 4-1: Pangnirtung - Duval River Watershed
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Table 4-1: Duval River Delineated Watershed Areas

Watershed Area (m?) Watershed Area (km?) Watershed Area (ha)

Duval River 89,250,000 89.25 8,925

4.1.2 Water Balance and Water Source Assessment
The results showing the amount of potential annual runoff for the Hamlet of Pangnirtung are presented in Table 4-2.

Table 4-2: Pangnirtung - Duval River Potential Runoff Analysis

Scenario No. Precipitation ET Scenario Precipitation Estimated ET Potential Runoff
Scenario (mm/year) (mm/year) (mm/year)

1 minimum maximum

2 minimum 3-year high 174 86 88

3 minimum average 174 65 109
4 3-year low maximum 179 103 76

5 3-year low 3-year high 179 86 93

6 3-year low average 179 65 114
7 5-year low maximum 185 103 82

8 5-year low 3-year high 185 86 99

9 5-year low average 185 65 120
10 10-year low maximum 212 103 109
11 10-year low 3-year high 212 86 126
12 10-year low average 212 65 146
13 Median maximum 289 103 186
14 Median 3-year high 289 86 203
15 Median average 289 65 223

The results of the water balance analysis for the Duval River watershed are presented in Table 4-3.

If the annual precipitation volume is greater than or equal to the annual losses (annual ET plus community water
use), the water supply sufficiently meets the needs of the community. Based on the assessment, in all scenarios, the
annual precipitation experienced over the Duval River watershed sufficiently meets the community current and

future water supply needs.
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PANGNIRTUNG DUVAL RIVER ‘
Scenario No. 2054 Water Use Runoff Volume AS>0
(m*/year) (m*/year)
1 114,219 6,315,152 YES
2 114,219 7,832,402 YES
3 114,219 9,696,152 YES
4 114,219 6,822,568 YES
5 114,219 8,339,818 YES
6 114,219 10,203,568 YES
7 114,219 7,335,350 YES
8 114,219 8,852,600 YES
9 114,219 10,716,350 YES
10 114,219 9,683,857 YES
11 114,219 11,201,107 YES
12 114,219 13,064,857 YES
13 114,219 16,561,052 YES
14 114,219 18,078,302 YES
15 114,219 19,942,052 YES
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The Duval River watershed is associated with snowfall and snowmelt-generated runoff, which characterizes an Arctic
nival regime streamflow. The Duval River catchment was calculated at approximately 89,250,000 m? (89.25 km? or
8,925 ha). The river begins at an elevation of approximately el. 1200 m in mountainous ice fields. From the ice fields,
the water flows into a large plain that contains tundra vegetation — the last section of the river that flows through
the community and out into Pangnirtung Fiord is comprised of steep and channelized banks (Suk, 1975).

These nival regimes are characterized by very low or negligible winter flows (typically from October to early May).
Snowmelt represents the major source of runoff with additional inputs from rainfall during the summer months.
Evapotranspiration is the main hydrological loss and is apparent for a couple of months after snowmelt until soil
moisture declines. Evapotranspiration is greatest following the snowmelt (typically around late June/early July) and
decreases substantially throughout the summer except for lesser events caused by precipitation.

Runoff ratio, the ratio between runoff and precipitation, are typically high for polar deserts, oases and glacierized
basins (Young and Woo, 2004). In the late spring/summer, high solar radiation causes rapid snowmelt where a large
portion of the annual runoff flow occurs within a few weeks period (can typically be in the order of greater than
80%). Itis expected that flows (and peak flow) will lag the initial snowmelt event as integrated channel networks are
established by collecting runoff from upstream hillslopes and valleys. Year-to-year variability in peak flow can be
substantial and timing and duration of the melt season depends on the rainfall events (intensity and duration),
weather and end-of-winter snow conditions. After snowmelt, flow generally declines. The presence of permafrost at
shallow depths prevents infiltration and limits storage capacity.

Limited field data is available for the Duval River. However, the Water Survey of Canada investigated flow and
discharge rates for the river over a ten-year period between 1973-1983. This information has been reviewed and is
discussed in Section 5.2.5 below.

5.2.1 Water Balance Scenarios and Outcomes

Based on the water balance assessment, under all fifteen scenarios, the Duval River water source and watershed
provides sufficient water quantities to meet the community’s current and future water supply needs. The catchment
area of the Duval River watershed is relatively large at approximately 89,250,000 m? (89.25 km? or 8,925 ha) and any
net-positive annual runoff for the Duval River watershed will provide sufficient water supply to meet the community’s
needs.

In a study investigating vulnerability levels of municipal drinking water supplies for the communities in Nunavut,
Hayward et al. (2020), it was stated that the most influential factor regarding water supply vulnerability threat levels
appears to be the size of the source watershed. The same study noted a low-level water supply vulnerability threat
for Pangnirtung based on the worst-case scenario assessment (minimum precipitation and maximum ET scenario)
which is consistent with the results from this assessment.

As discussed previously, the maximum ET rate used in the water balance assessment is likely overestimated
(conservative) as seasonal recharge caused by snow melt occurs over a short period in the summer and is substantial
enough to produce a flowing stream — this short duration of flow reduces the amount of time that the runoff is
exposed to evapotranspiration and is represented by the high runoff ratio (ratio between runoff and precipitation)
that is seen in polar deserts. During the cold season, precipitation storage is in the form of snow and ice and
undergoes negligible evapotranspiration.

Y
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5.2.2 Climate Change Considerations

It is well documented that anticipated climate change impacts include a general warming of ambient air temperature
and increases in precipitation volumes over most of the Arctic region. Changing patterns also include increasing
precipitation percentages occurring as rainfall vs. snow which will subsequently influence runoff patterns and water
budgets.

The presence of permafrost is important in Arctic hydrology as it influences infiltration, runoff and groundwater
storage and flow. Increases in air temperature results in permafrost degradation and increases the active (thaw) layer
— this leads to increased infiltration, larger groundwater storage and flows, and changes to spring runoff and melt
timing. Additionally, as the permafrost thaws, different settlement and ponding can occur leading to the introduction
of new hydrological pathways and significantly alter drainage networks and distribution of surface/groundwater
flows. Ice content that is typically frozen has the potential to increase streamflow by providing additional inputs
(Lemmen et al., 2008 & Spence et al., 2020).

The Geological Survey of Canada (Ednie & Smith, 2015) noted that mean annual permafrost temperatures at 15 m
depth in Pangnirtung were measured at -5.2°C in 2008 and -4.9°C in 2012. Since 2008, ground temperatures have
followed the warming trends observed with increasing air temperatures.

As ambient air temperatures increase, ET rates experienced by watersheds are likely to increase due to larger
amounts of radiation input, longer evaporation seasons as the snowmelt will begin earlier and increases in vegetation
cover (Young and Woo, 2004).

5.2.3 Flooding Risks

In June 2008, an extreme rain event occurred in Pangnirtung. From June 8-9, 2008, over 40 mm of rainfall was
recorded. The combination of heavy rain and rapid snowmelt caused the Duval River to flood rapidly, leading to
severe permafrost degradation and erosion of the river’s banks. This included severely damaging a key road bridge
within the community. Residents noted that the river began to “run underneath the land” causing severe settlement
of between 2.5 m to 4.5 m in some areas (Spinney & Pennesi 2012, Leblanc et al. 2010).

Young et al. (2015) noted that for watersheds in the Alaskan Arctic, for basins less than 200 km?, flooding events are
typically caused by rainfall rather than rapid snowmelt and this confirms the importance of undertaking further
studies to investigate the impact of summer rainfalls in generating peak flows.

As noted from past events, the Hamlet of Pangnirtung is vulnerable to extreme flooding events. Potential climate
change impacts such as warming ambient air temperatures, permafrost degradation and changing precipitation
patterns will likely increase the likelihood of these extreme events. Additional studies assessing the potential
discharge volumes and erosion potential for the Duval River will be critical in mitigating future flooding risks.

A surface displacement map showing the relative ground surface displacement has been developed for community
of Pangnirtung (Short et al., 2012) using radar (InSAR) data correlated with surficial geology and ground ice mapping
(Appendix D). This map has been used to identify areas that are stable and suitable for potential development and
areas that are potentially vulnerable to severe settlement issues — additional attention should be taken to correlate
changing ground conditions and the subsequent impacts on hydrological flows.
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5.2.4 Water Licence

The current Type A Water Licence #3AM-PAN1828 for the Hamlet of Pangnirtung was issued on May 4, 2018 and
expires on May 3, 2028. The Water Licence states the following:

e The current Water Licence permits a water extraction volume of up to 120,000 m3.

e Withdrawal from the Duval River shall not exceed 10% of the instantaneous flow and shall cease all
water withdrawal when the instantaneous flow in the river is below 30% of the mean annual discharge.

— Currently, the withdrawal of the Duval River is limited to the months of July and August, unless
otherwise recommended by future hydrological studies.

e As part of the current licence, the Hamlet is required to complete additional field hydrological studies
that assesses at a minimum, details related to the discharge volume and velocity, erosion,
sedimentation, water quality, and variability of discharge into the Duval River.

The Water Survey of Canada has flow and discharge information for the Duval River for the period of record between
1973 — 1983 (see Section 5.2.5 below). However, it is our understanding that no additional related field work has
been completed since 1983.

5.2.5 Previous Flow and Discharge Information for Duval River (1973 — 1983)

In the 1970’s, McMaster University (Suk, 1974) completed an investigation in collaboration with the Water Survey
Branch of Environment Canada that included monitoring streamflows and discharge rates for the Duval River.
Following the initial investigation, the water level recorders and station were taken over by the Water Survey of
Canada and used to monitor the Duval River over the period between 1973 and 1983.

Hydrological discharge rates for the Duval River were reviewed for this period and are summarized in Table 5-1 and
Figure 5-1 below (Appendix C). Total estimated annual river discharge volumes (m3) were calculated based on the
cumulative recorded daily flows during the monitoring years. In most years, early season flows were not recorded
and thus, it is expected that the actual discharge volumes are higher than estimated volumes due to gaps in the
datasets.

Table 5-1: Historical Duval River Discharge Monitoring (1973-1983)

Year Start Date End Date Mean Daily Maximum Daily Total Estimated 30% of Mean Daily

Discharge Discharge (m3/s) Annual River Discharge (m3/s) *
(m3/s) Discharge (m?)

1973 | 18-Jun-1973 = 6-Aug-1973 8.1 204 28,855,008 24

1974 7-Jun-1974 | 24-Aug-1974 5.2 16.8 35,706,528 1.6

1975 | 25-Jun-1975 | 30-Sep-1975 3.4 17.0 28,599,782 1.0

1976  28-Jun-1976 | 31-Aug-1976 4.6 15.8 25,899,091 14

1977 1-Jul-1977 | 30-Sep-1977 3.7 22.3 29,462,227 11

1978**

1979 20-Jul-1979 | 30-Sep-1979 5.0 19.7 31,496,947 1.5

1980  27-Jun-1980 30-Sep-1980 3.5 11.8 29,304,806 11

1981 | 24-Jun-1981 | 19-Sep-1981 5.0 20.3 38,256,710 1.5

...
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1982 1-Jun-1982  30-Sep-1982 4.3 21.2 45,528,566 1.3
1983 1-Jun-1983 | 30-Sep-1983 3.6 13.4 38,298,096 11

* Per current Water Licence, water withdrawal to stop when the instantaneous flow in the river is below 30% of the
mean annual discharge

** data not available/complete for 1978

The year-to-year variability in the timing and magnitude of the peak flows between 1973-1983 is quite large. In
general, measurable flows begin in mid-June and peak sometime in July/early August. Flows tend to decrease starting
in the month of September although there are apparent peaks in various years likely due to rainfall events.

As per the current water licence, water withdrawal should stop once the instantaneous flow of the river is below
30% of the mean annual discharge. This average threshold is approx. 1.3 m3/s between 1973-1983. Based on the
limited available information, the current practice of extracting water from the Duval River to refill the reservoir
during the months of July and August appears to be appropriate.

The projected water extraction volume in 2054 for the community of Pangnirtung is approximately 115,000 m3. This
equates to only about 0.5% of the total annual discharge of the Duval River (assuming a total annual discharge of
25,000,000 m3 for the Duval River). From a water quantity perspective, the extraction volume required by the
community is negligible compared to the estimated annual discharge of the Duval River and thus, the volume
extracted is not expected to be a concern.

It should be noted that these findings have been based on best-available information provided for the Duval River
and surrounding watershed. This is a limited dataset that is 40-50 years old. Site conditions have likely changed, and
thus, an up-to-date field monitoring program should be established to update discharge rates and streamflows
accordingly.
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Figure 5-1: Duval River Discharge Rates (1973-1983)
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5.2.6 Recommendations for Future Studies

The flow regime for the Duval River requires further investigation. The findings from this report have been based on
best-available information provided for the Duval River which is over 40 years old. Based on the Hamlet’s current
Type A Water Licence (# 3AM-PAN1828), EXP understands that a future study is required to ultimately detail
discharge volume/velocity, drawdown rates, erosion, sedimentation, water quality, and variability of discharge into
the Duval River. Recommendations for future studies include:
Installation of flow gauges and levels to monitor the Duval River during flow periods
Hydrograph development of the Duval River
= Timing dates of flow/melt period
= Impact of rain events in generating peak flows
= Pattern and duration, magnitude of peak to low flows, shape of hydrograph peak
Ongoing monitoring of precipitation and ET rates for the Duval River watershed
Additional topographic survey of the Duval River water basin

Additional water quality sampling — recommend weekly sampling during the flow season to understand
the temporal water quality fluctuations and sediment transport that occur over the flow period and to
confirm optimal dates for raw water collection

Further investigations related to permafrost monitoring
potential impacts on hydrological patterns

impacts on flood mitigations
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Results from this analysis should be considered high-level and coarse resolution. This desktop study provides a
screening level assessment of the drinking water supplies for the Hamlet of Pangnirtung with consideration to climate
change, population growth, and existing water infrastructure. This study focuses solely on water quantity and does
not comment on water quality.

There are a number of limitations based on poor data availability, as well as the questionable quality of the data. If a
yearly climate dataset had three or more months of missing data, this climate dataset was omitted from the water
balance analysis. Discharge and flow information for Duval River is outdated and over 40 years old.

Evapotranspiration (ET) characteristics of the studied watersheds are also extremely limited — no field data for
measured evapotranspiration rates was available at any of the sites. A literature review was completed to estimate
ET rates in similar Arctic environments but there is still a high degree of uncertainty in the quality of this historical
data. Variations in environmental conditions, plant community composition, soil freeze/thaw and
micro-topographical features have a significant influence on ET rates. There is a large spatial and temporal variability
in geomorphic and climatic drivers of evapotranspiration which makes it difficult to predict ET rates in the absence
of any field data. As precipitation and ET are the main sources of water inputs and losses, any variation or error in
these values could significantly alter the results of the water modeling assessments.

Underestimation of precipitation due to snow undercatch and water losses due to sublimation were not accounted
for in the calculation. Actual basin snow amounts are usually larger than measured values (at weather stations) which
suffer from gauge undercatch and thus the use of snow gauge data was deemed as a conservative approach for this
study. Estimates for snow undercatch can range from 10% to 75% depending on gauge type and wind conditions.
Sublimation losses have not been characterized. Characterization of these processes requires detailed
meteorological data.

In general, there is a lack of field studies detailing the hydrological regime and hydrological features that affect
recharge (streams, glaciers, flows through the active layer) at the study sites.

To improve the accuracy of future studies, it is recommended to conduct additional field studies to provide more
complete and site-specific climate information, evapotranspiration rates and flow rates and water levels for major
streams and channels. Future studies must consider the potential impacts of climate change and also flooding risks
for the community of Pangnirtung.
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Based on the water balance assessment, under all fifteen scenarios, the Duval River water source and watershed
provides sufficient water quantities to meet the community’s current and future water supply needs to the year 2054
(projected annual water usage for Pangnirtung in 2054 is approximately 115,000 m?3).

The catchment area of the Duval River watershed is relatively large at approximately 89,250,000 m? (89.25 km? or
8,925 ha) and any net-positive annual runoff for the Duval River watershed will provide sufficient water supply to
meet the community’s needs.

EXP reviewed the limited dataset that documented the discharge and flow rates of the Duval River between 1973-
1983. The year-to-year variability in the timing and magnitude of the peak flows for the Duval River between 1973-
1983 is quite large. In general, measurable flows begin in mid-June and peak sometime in July/early August. Flows
tend to decrease starting in the month of September although there are apparent peaks in various years likely due
to rainfall events.

As per the current water licence, water withdrawal should stop once the instantaneous flow of the river is below
30% of the mean annual discharge. This average threshold is approx. 1.3 m3/s between 1973-1983. Based on the
limited available information, the current practice of extracting water from the Duval River to refill the reservoir
during the months of July and August appears to be appropriate.

The projected water extraction volume in 2054 for the community of Pangnirtung is approximately 115,000 m3. This
equates to only about 0.5% of the total annual discharge of the Duval River (assuming a total annual discharge of
25,000,000 m? for the Duval River). From a water quantity perspective, the extraction volume required by the
community is negligible compared to the estimated annual discharge of the Duval River and thus, the volume
extracted is not expected to be a concern.

It should be noted that these findings have been based on best-available information provided for the Duval River
and surrounding watershed. This is a limited dataset that is 40-50 years old. Site conditions have likely changed, and
thus, future field studies are recommended.

Based on the Hamlet’s current Type A Water Licence (# 3AM-PAN1828), EXP understands that a future study is
required to ultimately detail discharge volume/velocity, drawdown rates, erosion, sedimentation, water quality, and
variability of discharge into the Duval River. It is anticipated that this initial desktop study will be used to develop a
more comprehensive field program to further investigate the flow characteristics and regime of the Duval
Recommendations for future studies include:
Installation of flow gauges and levels to monitor the Duval River during flow periods
Hydrograph development of the Duval River
= Timing dates of flow/melt period
= |mpact of rain events in generating peak flows
= Pattern and duration, magnitude of peak to low flows, shape of hydrograph peak
Ongoing monitoring of precipitation and ET rates for the Duval River watershed
Additional topographic survey of the Duval River water basin

Additional water quality sampling — recommend weekly sampling during the flow season to understand
the temporal water quality fluctuations and sediment transport that occur over the flow period and to
confirm optimal dates for raw water collection

Further investigations related to permafrost monitoring

-
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potential impacts on hydrological patterns

impacts on flood mitigations
As noted from past events, the Hamlet of Pangnirtung is vulnerable to extreme flooding events. Potential climate
change impacts such as warming ambient air temperatures, permafrost degradation and changing precipitation

patterns will likely increase the likelihood of these extreme events. Additional studies assessing the potential
discharge volumes and erosion potential for the Duval River will be critical in mitigating future flooding risks.
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Appendix A — Watershed Delineation Map (Duval River)
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Appendix B — Water Balance Calculations and Precipitation Data

(Pangnirtung)
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PANGNIRTUNG - WATER BALANCE AND VOLUME CALCULATIONS

Duval River- Watershed Area
Pangnirtung 89,250,000 m2
. Precipitatio | Estimated | Potential 2054 Annual Water
X Precipitation X
Scenario No. Scenario ET Scenario n ET Runoff runoff Use
(mm/year) | (mm/year) | (mm/year) | (m3/year) (m3/year) AS >0

1 minimum maximum 174 103 71 6,315,152 114,219 YES
2 minimum 3-year high 174 86 88 7,832,402 114,219 YES
3 minimum average 174 65 109 9,696,152 114,219 YES
4 3-year low maximum 179 103 76 6,822,568 114,219 YES
5 3-year low 3-year high 179 86 93 8,339,818 114,219 YES
6 3-year low average 179 65 114 10,203,568 114,219 YES
7 5-year low maximum 185 103 82 7,335,350 114,219 YES
8 5-year low 3-year high 185 86 99 8,852,600 114,219 YES
9 5-year low average 185 65 120 10,716,350 114,219 YES
10 10-year low maximum 212 103 109 9,683,857 114,219 YES
11 10-year low 3-year high 212 86 126 11,201,107 114,219 YES
12 10-year low average 212 65 146 13,064,857 114,219 YES
13 Median maximum 289 103 186 16,561,052 114,219 YES
14 Median 3-year high 289 86 203 18,078,302 114,219 YES
15 Median average 289 65 223 19,942,052 114,219 YES

WATER USE (2054)

114,219




Pangnirtung Historical Precipitation Data

Station Name

Pangnirtung (2010-2021)

Pangnirtung (1925)

Pangnirtung (1995-2007)

Climate ID 2403049 2403050 2403053
WMO ID 71826
Latitude 66°08'36.300" N 66°08'00.000" N 66°08'42.000" N
| Longlitude 65°42'40.500" W 65°44'00.000" W 65°42'49.000" W
Elevation 22.60m 15.20m 24.10m
Used for Analysis (Y or
Year Annual Precipitation (mm) N) Comments
1931 383.5 Y
1932 218.4 Y
1933 302.1 Y
1934 303.2 Y
1935 295.7 Y
1937 349.4 Y
1938 360.7 Y
1939 585.1 Y
1996 490.8 Y
1997 399.8 Y
1998 371.7 Y
1999 363.6 Y
2000 362.1 Y
**40% of **60% of **70% of Annual
2001 305.5 Y Total Total Rainfall
2002 243 Y
Annual Precipitation Total Annual Annual | Available Rainfall for Total Inputs to
2003 392.2 Y (mm/year) Precip Snowfall Rainfall Extraction Watershed (mm)
2004 400.4 Y Minimum (mm/year) 212 85 127 89 174
2005 469.7 Y Maximum (mm/year) 585 234 351 246 480
2006 243.6 Y Median (mm/year) 352 141 211 148 289
2007 356.2 Y Mean (mm/year) 341 137 205 143 280
2008 N more than 3 months missing 3-year low average 219 88 131 92 179
2009 N more than 3 months missing S-year low average 226 90 136 95 185
2010 2119 Y 10-year low average 258 103 155 108 212
2011 N more than 3 months missing 3-year high average 515 206 309 216 422
2012 349.2 Y S-year high average 469 188 281 197 385
2013 229.7 Y
2014 N more than 3 months missing
2015 N more than 3 months missing
2016 308.1 Y
2017 354.4 Y
2018 3123 Y
2019 226.2 Y
2020 N more than 3 months missing
2021 368.7 Y




PANGNIRTUNG - PROJECTED WATER CONSUMPTION

WATER DEMAND PROJECTIONS **120 Ipcd HISTORICAL WATER USE
Annual Per Capita
5 Growth Annual Use A i
Year Population Rate (%) (m3/year) Consumption | Consumptio
Year Population (L) n (Ipcd)
1997
2014 1,613 70,649 2002 1276 43764.669 94.0
2015 1,638 1.55% 71,744 2003 1300 46372 97.7
2016 1,664 1.59% 72,883 2006 1325
2017 1,691 1.62% 74,066 2010 1400 48440 94.8
2018 1,718 1.60% 75,248 2011 1425 49752 95.7
2019 1,744 1.51% 76,387 2012 1500 52204 95.3
2020 1,768 1.38% 77,438 2013 1600 51531 88.2
2021 1,789 1.19% 78,358 2014 1613 52543 89.2
2022 1,810 1.17% 79,278 2015 1638 51218 85.7
2023 1,829 1.05% 80,110 2016 1664 47372 78.0
2024 1,847 0.98% 80,899 2017 1691 46642 75.6
2025 1,866 1.03% 81,731 2018 1718 48419 77.2
2026 1,885 1.02% 82,563
2027 1,906 1.11% 83,483 ** 120 Ipcd estimate is conservative based on historical usage
2028 1,934 1.47% 84,709
2029 1,953 0.98% 85,541
2030 1,973 1.02% 86,417
2031 1,992 0.96% 87,250
2032 2,012 1.00% 88,126
2033 2,034 1.09% 89,089
2034 2,055 1.03% 90,009
2035 2,075 0.97% 90,885
2036 2,100 91,985
2037 2,126 93,098
2038 2,151 94,224
2039 2,177 95,364
2040 2,204 96,518
2041 2,230 97,686
2042 2,257 98,868
2043 2,285 100,064
2044 2,312 101,275
2045 2,340 102,501
2046 2,369 103,741
2047 2,397 104,996
2048 2,426 106,267
2049 2,456 107,552
2050 2,485 108,854
2051 2,515 110,171
2052 2,546 111,504
2053 2,577 112,853
2054 2,608 114,219
avg. growth
rate 1.21%

max
min
average

97.7
75.6
88.3
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Appendix C — Duval River Discharge and Flow Data (1973-1983)
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SUMMARY - PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)

Mean Min Max Total 30% of Mean
Discharge Discharge Discharge Discharge Discharge
Year Start Date End Date (m3/s) (m3/s) (m3/s) Volume (m3) (m3/s)
1973 18-Jun-1973 | 6-Aug-1973 8.1 2.1 20.4 28,855,008 2.4
1974 7-Jun-1974 | 24-Aug-1974 5.2 2.0 16.8 35,706,528 1.6
1975 25-Jun-1975 | 30-Sep-1975 3.4 0.2 17.0 28,599,782 1.0
1976 28-Jun-1976 | 31-Aug-1976 4.6 0.6 15.8 25,899,091 1.4
1977 1-Jul-1977 | 30-Sep-1977 3.7 0.0 22.3 29,462,227 1.1
1978 0.0
1979 20-Jul-1979 | 30-Sep-1979 5.0 0.3 19.7 31,496,947 1.5
1980 27-Jun-1980 | 30-Sep-1980 3.5 0.2 11.8 29,304,806 1.1
1981 24-Jun-1981 | 19-Sep-1981 5.0 0.8 20.3 38,256,710 1.5
1982 1-Jun-1982 | 30-Sep-1982 4.3 0.0 21.2 45,528,566 1.3
1983 1-Jun-1983 | 30-Sep-1983 3.6 0.0 134 38,298,096 1.1
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PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 6/18/1973 3.45 298,080
10UF001 6/19/1973 2.32 200,448
10UF001 6/20/1973 2.17 187,488
10UF001 6/21/1973 2.14 184,896
10UF001 6/22/1973 2.14 184,896
10UF001 6/23/1973 2.13 184,032
10UF001 6/24/1973 2.11 182,304
10UF001 6/25/1973 2.10 181,440
10UF001 6/26/1973 2.26 195,264
10UF001 6/27/1973 3.23 279,072
10UF001 6/28/1973 4.47 386,208
10UF001 6/29/1973 9.46 817,344
10UF001 6/30/1973 14.60 1,261,440
10UF001 7/1/1973 14.80 1,278,720
10UF001 7/2/1973 12.70 1,097,280
10UF001 7/3/1973 12.20 1,054,080
10UF001 7/4/1973 11.90 1,028,160
10UF001 7/5/1973 13.70 1,183,680
10UF001 7/6/1973 12.20 1,054,080
10UF001 7/7/1973 12.00 1,036,800
10UF001 7/8/1973 12.30 1,062,720
10UF001 7/9/1973 12.30 1,062,720
10UF001 7/10/1973 11.70 1,010,880
10UF001 7/11/1973 13.00 1,123,200
10UF001 7/12/1973 14.70 1,270,080
10UF001 7/13/1973 10.50 907,200
10UF001 7/14/1973 10.20 881,280
10UF001 7/15/1973 16.80 1,451,520
10UF001 7/16/1973 20.40 1,762,560
10UF001 7/17/1973 14.60 1,261,440
10UF001 7/18/1973 13.20 1,140,480
10UF001 7/28/1973 2.94 254,016
10UF001 7/29/1973 5.15 444,960
10UF001 7/30/1973 5.04 435,456
10UF001 7/31/1973 4.42 381,888
10UF001 8/1/1973 3.48 300,672
10UF001 8/2/1973 3.09 266,976
10UF001 8/3/1973 3.71 320,544
10UF001 8/4/1973 4.90 423,360
10UF001 8/5/1973 4.96 428,544




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 8/6/1973 4.50 388,800
10UF001 6/7/1974 4.39 379,296
10UF001 6/8/1974 4.96 428,544
10UF001 6/9/1974 5.01 432,864
10UF001 6/10/1974 5.64 487,296
10UF001 6/11/1974 6.03 520,992
10UF001 6/12/1974 6.29 543,456
10UF001 6/13/1974 5.95 514,080
10UF001 6/14/1974 5.04 435,456
10UF001 6/15/1974 6.97 602,208
10UF001 6/16/1974 6.82 589,248
10UF001 6/17/1974 5.69 491,616
10UF001 6/18/1974 5.32 459,648
10UF001 6/19/1974 5.80 501,120
10UF001 6/20/1974 4.67 403,488
10UF001 6/21/1974 3.57 308,448
10UF001 6/22/1974 2.58 222,912
10UF001 6/23/1974 2.00 172,800
10UF001 6/24/1974 2.33 201,312
10UF001 6/25/1974 2.82 243,648
10UF001 6/26/1974 13.90 1,200,960
10UF001 6/27/1974 16.80 1,451,520
10UF001 6/28/1974 10.30 889,920
10UF001 6/29/1974 5.66 489,024
10UF001 6/30/1974 5.24 452,736
10UF001 7/1/1974 5.47 472,608
10UF001 7/2/1974 4.87 420,768
10UF001 7/3/1974 4.79 413,856
10UF001 7/4/1974 4.36 376,704
10UF001 7/5/1974 4.59 396,576
10UF001 7/6/1974 5.78 499,392
10UF001 7/7/1974 6.09 526,176
10UF001 7/8/1974 5.86 506,304
10UF001 7/9/1974 5.24 452,736
10UF001 7/10/1974 4.25 367,200
10UF001 7/11/1974 3.09 266,976
10UF001 7/12/1974 3.68 317,952
10UF001 7/13/1974 9.00 777,600
10UF001 7/14/1974 12.00 1,036,800
10UF001 7/15/1974 8.16 705,024
10UF001 7/16/1974 7.76 670,464




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 7/17/1974 6.99 603,936
10UF001 7/18/1974 5.58 482,112
10UF001 7/19/1974 4.22 364,608
10UF001 7/20/1974 4.90 423,360
10UF001 7/21/1974 7.39 638,496
10UF001 7/22/1974 8.86 765,504
10UF001 7/23/1974 11.20 967,680
10UF001 7/24/1974 6.12 528,768
10UF001 7/25/1974 4.56 393,984
10UF001 7/26/1974 4.25 367,200
10UF001 7/27/1974 4.64 400,896
10UF001 7/28/1974 4.25 367,200
10UF001 7/29/1974 4.33 374,112
10UF001 7/30/1974 3.65 315,360
10UF001 7/31/1974 4.36 376,704
10UF001 8/1/1974 3.43 296,352
10UF001 8/2/1974 2.72 235,008
10UF001 8/3/1974 2.47 213,408
10UF001 8/4/1974 3.43 296,352
10UF001 8/5/1974 3.14 271,296
10UF001 8/6/1974 3.00 259,200
10UF001 8/7/1974 3.31 285,984
10UF001 8/8/1974 3.26 281,664
10UF001 8/9/1974 3.11 268,704
10UF001 8/10/1974 3.11 268,704
10UF001 8/11/1974 2.94 254,016
10UF001 8/12/1974 2.73 235,872
10UF001 8/13/1974 4.93 425,952
10UF001 8/14/1974 8.10 699,840
10UF001 8/15/1974 5.55 479,520
10UF001 8/16/1974 5.35 462,240
10UF001 8/17/1974 4.98 430,272
10UF001 8/18/1974 4.70 406,080
10UF001 8/19/1974 4.39 379,296
10UF001 8/20/1974 4.53 391,392
10UF001 8/21/1974 2.89 249,696
10UF001 8/22/1974 2.55 220,320
10UF001 8/23/1974 2.25 194,400
10UF001 8/24/1974 2.33 201,312
10UF001 6/25/1975 1.49 128,736
10UF001 6/26/1975 1.47 127,008




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 6/27/1975 1.30 112,320
10UF001 6/28/1975 1.40 120,960
10UF001 6/29/1975 2.61 225,504
10UF001 6/30/1975 4.62 399,168
10UF001 7/1/1975 3.31 285,984
10UF001 7/2/1975 5.38 464,832
10UF001 7/3/1975 2.92 252,288
10UF001 7/4/1975 2.79 241,056
10UF001 7/5/1975 2.97 256,608
10UF001 7/6/1975 2.89 249,696
10UF001 7/7/1975 3.57 308,448
10UF001 7/8/1975 4.47 386,208
10UF001 7/9/1975 4.70 406,080
10UF001 7/10/1975 3.91 337,824
10UF001 7/11/1975 3.88 335,232
10UF001 7/12/1975 3.82 330,048
10UF001 7/13/1975 6.57 567,648
10UF001 7/14/1975 5.61 484,704
10UF001 7/15/1975 5.75 496,800
10UF001 7/16/1975 5.04 435,456
10UF001 7/17/1975 4.13 356,832
10UF001 7/18/1975 3.94 340,416
10UF001 7/19/1975 4.05 349,920
10UF001 7/20/1975 3.65 315,360
10UF001 7/21/1975 4.16 359,424
10UF001 7/22/1975 3.99 344,736
10UF001 7/23/1975 3.57 308,448
10UF001 7/24/1975 3.23 279,072
10UF001 7/25/1975 2.86 247,104
10UF001 7/26/1975 3.28 283,392
10UF001 7/27/1975 3.26 281,664
10UF001 7/28/1975 2.92 252,288
10UF001 7/29/1975 2.92 252,288
10UF001 7/30/1975 2.28 196,992
10UF001 7/31/1975 2.62 226,368
10UF001 8/1/1975 2.44 210,816
10UF001 8/2/1975 3.23 279,072
10UF001 8/3/1975 2.62 226,368
10UF001 8/4/1975 2.92 252,288
10UF001 8/5/1975 4.16 359,424
10UF001 8/6/1975 5.78 499,392




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 8/7/1975 3.96 342,144
10UF001 8/8/1975 3.00 259,200
10UF001 8/9/1975 3.09 266,976
10UF001 8/10/1975 2.77 239,328
10UF001 8/11/1975 2.55 220,320
10UF001 8/12/1975 2.63 227,232
10UF001 8/13/1975 2.30 198,720
10UF001 8/14/1975 2.11 182,304
10UF001 8/15/1975 2.01 173,664
10UF001 8/16/1975 2.02 174,528
10UF001 8/17/1975 2.06 177,984
10UF001 8/18/1975 1.94 167,616
10UF001 8/19/1975 2.06 177,984
10UF001 8/20/1975 2.17 187,488
10UF001 8/21/1975 2.07 178,848
10UF001 8/22/1975 1.79 154,656
10UF001 8/23/1975 1.29 111,456
10UF001 8/24/1975 1.24 107,136
10UF001 8/25/1975 1.59 137,376
10UF001 8/26/1975 6.40 552,960
10UF001 8/27/1975 11.60 1,002,240
10UF001 8/28/1975 6.94 599,616
10UF001 8/29/1975 5.35 462,240
10UF001 8/30/1975 4.05 349,920
10UF001 8/31/1975 4.28 369,792
10UF001 9/1/1975 17.00 1,468,800
10UF001 9/2/1975 10.80 933,120
10UF001 9/3/1975 6.60 570,240
10UF001 9/4/1975 7.02 606,528
10UF001 9/5/1975 6.46 558,144
10UF001 9/6/1975 4.59 396,576
10UF001 9/7/1975 3.62 312,768
10UF001 9/8/1975 3.40 293,760
10UF001 9/9/1975 6.14 530,496
10UF001 9/10/1975 4.39 379,296
10UF001 9/11/1975 3.57 308,448
10UF001 9/12/1975 2.97 256,608
10UF001 9/13/1975 2.35 203,040
10UF001 9/14/1975 2.44 210,816
10UF001 9/15/1975 2.39 206,496
10UF001 9/16/1975 1.92 165,888




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)

10UF001 9/17/1975 1.63 140,832
10UF001 9/18/1975 1.37 118,368
10UF001 9/19/1975 1.38 119,232
10UF001 9/20/1975 1.22 105,408
10UF001 9/21/1975 0.84 72,403

10UF001 9/22/1975 1.01 87,264

10UF001 9/23/1975 0.97 83,635

10UF001 9/24/1975 0.92 79,747

10UF001 9/25/1975 0.82 70,675

10UF001 9/26/1975 0.45 38,621

10UF001 9/27/1975 0.34 29,376

10UF001 9/28/1975 0.27 22,982

10UF001 9/29/1975 0.22 18,835

10UF001 9/30/1975 0.18 15,379

10UF001 6/28/1976 12.80 1,105,920
10UF001 6/29/1976 10.80 933,120
10UF001 6/30/1976 9.88 853,632
10UF001 7/1/1976 7.42 641,088
10UF001 7/2/1976 6.12 528,768
10UF001 7/3/1976 3.40 293,760
10UF001 7/4/1976 3.23 279,072
10UF001 7/5/1976 4.11 355,104
10UF001 7/6/1976 5.35 462,240
10UF001 7/7/1976 6.29 543,456
10UF001 7/8/1976 13.50 1,166,400
10UF001 7/9/1976 15.80 1,365,120
10UF001 7/10/1976 9.26 800,064
10UF001 7/11/1976 10.80 933,120
10UF001 7/12/1976 8.72 753,408
10UF001 7/13/1976 7.02 606,528
10UF001 7/14/1976 5.75 496,800
10UF001 7/15/1976 5.64 487,296
10UF001 7/16/1976 5.49 474,336
10UF001 7/17/1976 5.38 464,832
10UF001 7/18/1976 7.73 667,872
10UF001 7/19/1976 6.00 518,400
10UF001 7/20/1976 4.81 415,584
10UF001 7/21/1976 3.31 285,984
10UF001 7/22/1976 3.09 266,976
10UF001 7/23/1976 2.89 249,696
10UF001 7/24/1976 2.18 188,352




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)

10UF001 7/25/1976 2.25 194,400
10UF001 7/26/1976 2.70 233,280
10UF001 7/27/1976 4.08 352,512
10UF001 7/28/1976 3.88 335,232
10UF001 7/29/1976 6.74 582,336
10UF001 7/30/1976 5.95 514,080
10UF001 7/31/1976 3.79 327,456
10UF001 8/1/1976 2.59 223,776
10UF001 8/2/1976 2.44 210,816
10UF001 8/3/1976 2.97 256,608
10UF001 8/4/1976 3.54 305,856
10UF001 8/5/1976 2.48 214,272
10UF001 8/6/1976 2.18 188,352
10UF001 8/7/1976 1.78 153,792
10UF001 8/8/1976 1.71 147,744
10UF001 8/9/1976 1.63 140,832
10UF001 8/10/1976 2.11 182,304
10UF001 8/11/1976 2.18 188,352
10UF001 8/12/1976 2.12 183,168
10UF001 8/13/1976 2.04 176,256
10UF001 8/14/1976 3.40 293,760
10UF001 8/15/1976 4.42 381,888
10UF001 8/16/1976 3.06 264,384
10UF001 8/17/1976 2.22 191,808
10UF001 8/18/1976 1.77 152,928
10UF001 8/19/1976 1.38 119,232
10UF001 8/20/1976 1.14 98,496

10UF001 8/21/1976 1.51 130,464
10UF001 8/22/1976 9.49 819,936
10UF001 8/23/1976 8.01 692,064
10UF001 8/24/1976 4.45 384,480
10UF001 8/25/1976 2.89 249,696
10UF001 8/26/1976 3.11 268,704
10UF001 8/27/1976 2.42 209,088
10UF001 8/28/1976 1.53 132,192
10UF001 8/29/1976 1.46 126,144
10UF001 8/30/1976 0.97 83,635

10UF001 8/31/1976 0.60 51,840

10UF001 7/1/1977 10.10 872,640
10UF001 7/2/1977 13.80 1,192,320
10UF001 7/3/1977 22.30 1,926,720




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 7/4/1977 16.80 1,451,520
10UF001 7/5/1977 15.20 1,313,280
10UF001 7/6/1977 10.50 907,200
10UF001 7/7/1977 8.58 741,312
10UF001 7/8/1977 8.78 758,592
10UF001 7/9/1977 7.39 638,496
10UF001 7/10/1977 7.16 618,624
10UF001 7/11/1977 8.27 714,528
10UF001 7/12/1977 10.20 881,280
10UF001 7/13/1977 7.36 635,904
10UF001 7/14/1977 7.99 690,336
10UF001 7/15/1977 8.33 719,712
10UF001 7/16/1977 9.74 841,536
10UF001 7/17/1977 11.10 959,040
10UF001 7/18/1977 7.87 679,968
10UF001 7/19/1977 5.30 457,920
10UF001 7/20/1977 5.38 464,832
10UF001 7/21/1977 4.56 393,984
10UF001 7/22/1977 3.88 335,232
10UF001 7/23/1977 4.73 408,672
10UF001 7/24/1977 4.28 369,792
10UF001 7/25/1977 3.88 335,232
10UF001 7/26/1977 3.43 296,352
10UF001 7/27/1977 3.20 276,480
10UF001 7/28/1977 3.20 276,480
10UF001 7/29/1977 3.26 281,664
10UF001 7/30/1977 2.62 226,368
10UF001 7/31/1977 1.88 162,432
10UF001 8/1/1977 3.28 283,392
10UF001 8/2/1977 9.09 785,376
10UF001 8/3/1977 8.58 741,312
10UF001 8/4/1977 6.80 587,520
10UF001 8/5/1977 4.59 396,576
10UF001 8/6/1977 4.05 349,920
10UF001 8/7/1977 4.05 349,920
10UF001 8/8/1977 3.14 271,296
10UF001 8/9/1977 2.32 200,448
10UF001 8/10/1977 2.04 176,256
10UF001 8/11/1977 2.21 190,944
10UF001 8/12/1977 2.36 203,904
10UF001 8/13/1977 2.49 215,136




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 8/14/1977 2.50 216,000
10UF001 8/15/1977 2.35 203,040
10UF001 8/16/1977 1.81 156,384
10UF001 8/17/1977 1.76 152,064
10UF001 8/18/1977 1.85 159,840
10UF001 8/19/1977 1.71 147,744
10UF001 8/20/1977 1.70 146,880
10UF001 8/21/1977 1.60 138,240
10UF001 8/22/1977 1.53 132,192
10UF001 8/23/1977 1.47 127,008
10UF001 8/24/1977 1.37 118,368
10UF001 8/25/1977 1.20 103,680
10UF001 8/26/1977 1.29 111,456
10UF001 8/27/1977 1.22 105,408
10UF001 8/28/1977 1.11 95,904
10UF001 8/29/1977 0.95 82,426
10UF001 8/30/1977 0.97 83,635
10UF001 8/31/1977 0.92 79,056
10UF001 9/1/1977 0.83 71,971
10UF001 9/2/1977 0.75 64,368
10UF001 9/3/1977 0.66 57,283
10UF001 9/4/1977 0.63 54,086
10UF001 9/5/1977 0.63 54,086
10UF001 9/6/1977 0.64 55,037
10UF001 9/7/1977 1.55 133,920
10UF001 9/8/1977 1.45 125,280
10UF001 9/9/1977 0.92 79,488
10UF001 9/10/1977 0.87 74,909
10UF001 9/11/1977 0.77 66,269
10UF001 9/12/1977 0.77 66,787
10UF001 9/13/1977 0.83 71,971
10UF001 9/14/1977 0.95 82,426
10UF001 9/15/1977 1.03 88,992
10UF001 9/16/1977 0.97 83,894
10UF001 9/17/1977 0.63 54,086
10UF001 9/18/1977 0.50 42,854
10UF001 9/19/1977 0.42 36,202
10UF001 9/20/1977 0.36 30,845
10UF001 9/21/1977 0.34 29,376
10UF001 9/22/1977 0.33 28,858
10UF001 9/23/1977 0.30 25,920




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)

10UF001 9/24/1977 0.20 17,626
10UF001 9/25/1977 0.11 9,763
10UF001 9/26/1977 0.09 7,344
10UF001 9/27/1977 0.06 5,357
10UF001 9/28/1977 0.04 3,456
10UF001 9/29/1977 0.00 0
10UF001 9/30/1977 0.00 0
10UF001 7/8/1978 14.60 1,261,440
10UF001 7/9/1978 12.40 1,071,360
10UF001 7/10/1978 10.30 889,920
10UF001 7/11/1978 11.80 1,019,520
10UF001 7/12/1978 13.20 1,140,480
10UF001 9/8/1978 1.02 88,128
10UF001 7/20/1979 7.08 611,712
10UF001 7/21/1979 5.77 498,528
10UF001 7/22/1979 7.51 648,864
10UF001 7/23/1979 6.62 571,968
10UF001 7/24/1979 5.28 456,192
10UF001 7/25/1979 7.01 605,664
10UF001 7/26/1979 8.72 753,408
10UF001 7/27/1979 8.72 753,408
10UF001 7/28/1979 9.72 839,808
10UF001 7/29/1979 11.30 976,320
10UF001 7/30/1979 19.70 1,702,080
10UF001 7/31/1979 9.49 819,936
10UF001 8/1/1979 7.53 650,592
10UF001 8/2/1979 5.34 461,376
10UF001 8/3/1979 4.66 402,624
10UF001 8/4/1979 4.51 389,664
10UF001 8/5/1979 3.63 313,632
10UF001 8/6/1979 7.23 624,672
10UF001 8/7/1979 12.10 1,045,440
10UF001 8/8/1979 13.20 1,140,480
10UF001 8/9/1979 11.30 976,320
10UF001 8/10/1979 8.78 758,592
10UF001 8/11/1979 7.08 611,712
10UF001 8/12/1979 5.95 514,080
10UF001 8/13/1979 4.87 420,768
10UF001 8/14/1979 3.96 342,144
10UF001 8/15/1979 3.14 271,296
10UF001 8/16/1979 2.63 227,232




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)

10UF001 8/17/1979 2.12 183,168
10UF001 8/18/1979 1.73 149,472
10UF001 8/19/1979 1.39 120,096
10UF001 8/20/1979 1.16 100,224
10UF001 8/21/1979 0.95 81,994

10UF001 8/22/1979 1.47 127,008
10UF001 8/23/1979 2.66 229,824
10UF001 8/24/1979 2.07 178,848
10UF001 8/25/1979 1.78 153,792
10UF001 8/26/1979 1.72 148,608
10UF001 8/27/1979 4.73 408,672
10UF001 8/28/1979 3.12 269,568
10UF001 8/29/1979 2.52 217,728
10UF001 8/30/1979 3.02 260,928
10UF001 8/31/1979 15.10 1,304,640
10UF001 9/1/1979 9.03 780,192
10UF001 9/2/1979 6.48 559,872
10UF001 9/3/1979 8.76 756,864
10UF001 9/4/1979 11.90 1,028,160
10UF001 9/5/1979 15.30 1,321,920
10UF001 9/6/1979 9.91 856,224
10UF001 9/7/1979 7.22 623,808
10UF001 9/8/1979 5.10 440,640
10UF001 9/9/1979 3.68 317,952
10UF001 9/10/1979 2.61 225,504
10UF001 9/11/1979 2.17 187,488
10UF001 9/12/1979 2.02 174,528
10UF001 9/13/1979 1.95 168,480
10UF001 9/14/1979 2.24 193,536
10UF001 9/15/1979 2.75 237,600
10UF001 9/16/1979 3.45 298,080
10UF001 9/17/1979 2.55 220,320
10UF001 9/18/1979 1.87 161,568
10UF001 9/19/1979 1.42 122,688
10UF001 9/20/1979 1.08 93,312

10UF001 9/21/1979 0.81 69,725

10UF001 9/22/1979 0.57 48,902

10UF001 9/23/1979 0.43 37,411

10UF001 9/24/1979 0.26 22,032

10UF001 9/25/1979 0.77 66,096

10UF001 9/26/1979 0.55 47,693




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 9/27/1979 0.43 37,411
10UF001 9/28/1979 0.32 27,648
10UF001 9/29/1979 0.29 25,229
10UF001 9/30/1979 0.27 22,982
10UF001 6/27/1980 8.61 743,904
10UF001 6/28/1980 9.07 783,648
10UF001 6/29/1980 9.76 843,264
10UF001 6/30/1980 9.36 808,704
10UF001 7/1/1980 8.90 768,960
10UF001 7/2/1980 10.20 881,280
10UF001 7/3/1980 11.80 1,019,520
10UF001 7/4/1980 8.20 708,480
10UF001 7/5/1980 7.38 637,632
10UF001 7/6/1980 6.79 586,656
10UF001 7/7/1980 6.50 561,600
10UF001 7/8/1980 6.28 542,592
10UF001 7/9/1980 6.20 535,680
10UF001 7/10/1980 4.78 412,992
10UF001 7/11/1980 3.80 328,320
10UF001 7/12/1980 4.28 369,792
10UF001 7/13/1980 4.66 402,624
10UF001 7/14/1980 6.38 551,232
10UF001 7/15/1980 7.08 611,712
10UF001 7/16/1980 5.81 501,984
10UF001 7/17/1980 4.50 388,800
10UF001 7/18/1980 5.77 498,528
10UF001 7/19/1980 5.61 484,704
10UF001 7/20/1980 4.01 346,464
10UF001 7/21/1980 5.16 445,824
10UF001 7/22/1980 3.43 296,352
10UF001 7/23/1980 3.23 279,072
10UF001 7/24/1980 4.29 370,656
10UF001 7/25/1980 3.31 285,984
10UF001 7/26/1980 4.52 390,528
10UF001 7/27/1980 5.60 483,840
10UF001 7/28/1980 4.77 412,128
10UF001 7/29/1980 4.10 354,240
10UF001 7/30/1980 4.61 398,304
10UF001 7/31/1980 4.45 384,480
10UF001 8/1/1980 4.60 397,440
10UF001 8/2/1980 4.58 395,712




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 8/3/1980 4.05 349,920
10UF001 8/4/1980 3.76 324,864
10UF001 8/5/1980 3.92 338,688
10UF001 8/6/1980 3.71 320,544
10UF001 8/7/1980 3.08 266,112
10UF001 8/8/1980 2.32 200,448
10UF001 8/9/1980 1.97 170,208
10UF001 8/10/1980 2.02 174,528
10UF001 8/11/1980 1.97 170,208
10UF001 8/12/1980 3.28 283,392
10UF001 8/13/1980 3.47 299,808
10UF001 8/14/1980 3.22 278,208
10UF001 8/15/1980 2.56 221,184
10UF001 8/16/1980 1.73 149,472
10UF001 8/17/1980 4.43 382,752
10UF001 8/18/1980 5.10 440,640
10UF001 8/19/1980 4.17 360,288
10UF001 8/20/1980 5.05 436,320
10UF001 8/21/1980 4.70 406,080
10UF001 8/22/1980 3.39 292,896
10UF001 8/23/1980 3.04 262,656
10UF001 8/24/1980 3.27 282,528
10UF001 8/25/1980 2.80 241,920
10UF001 8/26/1980 4.03 348,192
10UF001 8/27/1980 6.13 529,632
10UF001 8/28/1980 3.84 331,776
10UF001 8/29/1980 2.58 222,912
10UF001 8/30/1980 2.12 183,168
10UF001 8/31/1980 1.67 144,288
10UF001 9/1/1980 1.43 123,552
10UF001 9/2/1980 1.33 114,912
10UF001 9/3/1980 1.20 103,680
10UF001 9/4/1980 1.16 100,224
10UF001 9/5/1980 1.05 90,720
10UF001 9/6/1980 1.00 86,400
10UF001 9/7/1980 0.98 84,672
10UF001 9/8/1980 0.86 74,390
10UF001 9/9/1980 0.92 79,747
10UF001 9/10/1980 0.90 77,846
10UF001 9/11/1980 0.93 80,179
10UF001 9/12/1980 0.86 73,872




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 9/13/1980 0.78 67,392
10UF001 9/14/1980 0.69 59,530
10UF001 9/15/1980 0.50 43,200
10UF001 9/16/1980 0.41 34,992
10UF001 9/17/1980 0.42 36,374
10UF001 9/18/1980 0.41 35,165
10UF001 9/19/1980 0.44 37,584
10UF001 9/20/1980 0.40 34,301
10UF001 9/21/1980 0.32 27,389
10UF001 9/22/1980 0.42 36,202
10UF001 9/23/1980 0.36 30,758
10UF001 9/24/1980 0.31 27,043
10UF001 9/25/1980 0.28 24,278
10UF001 9/26/1980 0.26 22,291
10UF001 9/27/1980 0.23 20,218
10UF001 9/28/1980 0.21 18,403
10UF001 9/29/1980 0.19 16,762
10UF001 9/30/1980 0.18 15,466
10UF001 6/24/1981 7.05 609,120
10UF001 6/25/1981 5.92 511,488
10UF001 6/26/1981 6.35 548,640
10UF001 6/27/1981 7.69 664,416
10UF001 6/28/1981 7.78 672,192
10UF001 6/29/1981 13.40 1,157,760
10UF001 6/30/1981 14.80 1,278,720
10UF001 7/1/1981 9.76 843,264
10UF001 7/2/1981 9.69 837,216
10UF001 7/3/1981 6.15 531,360
10UF001 7/4/1981 5.25 453,600
10UF001 7/5/1981 5.34 461,376
10UF001 7/6/1981 7.96 687,744
10UF001 7/7/1981 9.76 843,264
10UF001 7/8/1981 4.67 403,488
10UF001 7/9/1981 4.41 381,024
10UF001 7/10/1981 3.74 323,136
10UF001 7/11/1981 3.99 344,736
10UF001 7/12/1981 4.45 384,480
10UF001 7/13/1981 4.85 419,040
10UF001 7/14/1981 3.87 334,368
10UF001 7/15/1981 3.32 286,848
10UF001 7/16/1981 4.55 393,120




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 7/17/1981 3.32 286,848
10UF001 7/18/1981 2.32 200,448
10UF001 7/19/1981 2.55 220,320
10UF001 7/20/1981 3.94 340,416
10UF001 7/21/1981 4.93 425,952
10UF001 7/22/1981 7.33 633,312
10UF001 7/23/1981 4.95 427,680
10UF001 7/24/1981 4.69 405,216
10UF001 7/25/1981 4.38 378,432
10UF001 7/26/1981 2.80 241,920
10UF001 7/27/1981 2.42 209,088
10UF001 7/28/1981 2.45 211,680
10UF001 7/29/1981 16.30 1,408,320
10UF001 7/30/1981 14.70 1,270,080
10UF001 7/31/1981 12.10 1,045,440
10UF001 8/1/1981 6.92 597,888
10UF001 8/2/1981 4.63 400,032
10UF001 8/3/1981 4.21 363,744
10UF001 8/4/1981 3.78 326,592
10UF001 8/5/1981 3.18 274,752
10UF001 8/6/1981 4.23 365,472
10UF001 8/7/1981 7.41 640,224
10UF001 8/8/1981 5.19 448,416
10UF001 8/9/1981 4.30 371,520
10UF001 8/10/1981 3.42 295,488
10UF001 8/11/1981 4.75 410,400
10UF001 8/12/1981 6.10 527,040
10UF001 8/13/1981 8.44 729,216
10UF001 8/14/1981 4.72 407,808
10UF001 8/15/1981 3.42 295,488
10UF001 8/16/1981 2.60 224,640
10UF001 8/17/1981 2.51 216,864
10UF001 8/18/1981 2.51 216,864
10UF001 8/19/1981 2.33 201,312
10UF001 8/20/1981 2.34 202,176
10UF001 8/21/1981 3.31 285,984
10UF001 8/22/1981 1.96 169,344
10UF001 8/23/1981 1.65 142,560
10UF001 8/24/1981 1.51 130,464
10UF001 8/25/1981 1.40 120,960
10UF001 8/26/1981 1.29 111,456




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)

10UF001 8/27/1981 1.21 104,544
10UF001 8/28/1981 1.15 99,360
10UF001 8/29/1981 1.06 91,584
10UF001 8/30/1981 0.91 78,710
10UF001 8/31/1981 0.79 67,824
10UF001 9/1/1981 2.35 203,040
10UF001 9/2/1981 12.10 1,045,440
10UF001 9/3/1981 5.28 456,192
10UF001 9/4/1981 6.10 527,040
10UF001 9/5/1981 7.72 667,008
10UF001 9/6/1981 4.28 369,792
10UF001 9/7/1981 3.56 307,584
10UF001 9/8/1981 2.77 239,328
10UF001 9/9/1981 2.44 210,816
10UF001 9/10/1981 2.18 188,352
10UF001 9/11/1981 7.93 685,152
10UF001 9/12/1981 20.30 1,753,920
10UF001 9/13/1981 3.96 342,144
10UF001 9/14/1981 3.11 268,704
10UF001 9/15/1981 2.69 232,416
10UF001 9/16/1981 2.44 210,816
10UF001 9/17/1981 2.27 196,128
10UF001 9/18/1981 2.12 183,168
10UF001 9/19/1981 2.03 175,392
10UF001 6/1/1982 0.00 0
10UF001 6/2/1982 0.00 0
10UF001 6/3/1982 0.00 0
10UF001 6/4/1982 0.00 0
10UF001 6/5/1982 0.00 0
10UF001 6/6/1982 0.00 0
10UF001 6/7/1982 0.00 0
10UF001 6/8/1982 0.00 0
10UF001 6/9/1982 0.00 0
10UF001 6/10/1982 0.00 0
10UF001 6/11/1982 0.00 0
10UF001 6/12/1982 0.00 0
10UF001 6/13/1982 0.00 0
10UF001 6/14/1982 0.02 1,728
10UF001 6/15/1982 0.05 4,320
10UF001 6/16/1982 0.30 25,920
10UF001 6/17/1982 0.90 77,760




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 6/18/1982 2.50 216,000
10UF001 6/19/1982 4.00 345,600
10UF001 6/20/1982 9.70 838,080
10UF001 6/21/1982 20.00 1,728,000
10UF001 6/22/1982 18.00 1,555,200
10UF001 6/23/1982 16.50 1,425,600
10UF001 6/24/1982 15.00 1,296,000
10UF001 6/25/1982 13.90 1,200,960
10UF001 6/26/1982 13.20 1,140,480
10UF001 6/27/1982 13.30 1,149,120
10UF001 6/28/1982 14.00 1,209,600
10UF001 6/29/1982 13.00 1,123,200
10UF001 6/30/1982 13.00 1,123,200
10UF001 7/1/1982 9.81 847,584
10UF001 7/2/1982 6.51 562,464
10UF001 7/3/1982 5.93 512,352
10UF001 7/4/1982 6.29 543,456
10UF001 7/5/1982 6.23 538,272
10UF001 7/6/1982 6.36 549,504
10UF001 7/7/1982 6.89 595,296
10UF001 7/8/1982 6.87 593,568
10UF001 7/9/1982 6.77 584,928
10UF001 7/10/1982 8.14 703,296
10UF001 7/11/1982 9.80 846,720
10UF001 7/12/1982 6.33 546,912
10UF001 7/13/1982 5.66 489,024
10UF001 7/14/1982 6.55 565,920
10UF001 7/15/1982 6.46 558,144
10UF001 7/16/1982 6.72 580,608
10UF001 7/17/1982 6.23 538,272
10UF001 7/18/1982 5.36 463,104
10UF001 7/19/1982 4.17 360,288
10UF001 7/20/1982 3.53 304,992
10UF001 7/21/1982 3.94 340,416
10UF001 7/22/1982 5.10 440,640
10UF001 7/23/1982 6.45 557,280
10UF001 7/24/1982 4.44 383,616
10UF001 7/25/1982 4.26 368,064
10UF001 7/26/1982 3.40 293,760
10UF001 7/27/1982 4.34 374,976
10UF001 7/28/1982 3.53 304,992




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 7/29/1982 2.68 231,552
10UF001 7/30/1982 5.56 480,384
10UF001 7/31/1982 21.20 1,831,680
10UF001 8/1/1982 17.50 1,512,000
10UF001 8/2/1982 14.60 1,261,440
10UF001 8/3/1982 10.30 889,920
10UF001 8/4/1982 7.75 669,600
10UF001 8/5/1982 6.18 533,952
10UF001 8/6/1982 5.12 442,368
10UF001 8/7/1982 5.13 443,232
10UF001 8/8/1982 4.61 398,304
10UF001 8/9/1982 3.19 275,616
10UF001 8/10/1982 5.14 444,096
10UF001 8/11/1982 16.40 1,416,960
10UF001 8/12/1982 9.62 831,168
10UF001 8/13/1982 5.81 501,984
10UF001 8/14/1982 4.44 383,616
10UF001 8/15/1982 3.51 303,264
10UF001 8/16/1982 2.90 250,560
10UF001 8/17/1982 2.51 216,864
10UF001 8/18/1982 2.59 223,776
10UF001 8/19/1982 2.19 189,216
10UF001 8/20/1982 1.97 170,208
10UF001 8/21/1982 191 165,024
10UF001 8/22/1982 1.92 165,888
10UF001 8/23/1982 2.11 182,304
10UF001 8/24/1982 2.01 173,664
10UF001 8/25/1982 1.88 162,432
10UF001 8/26/1982 1.70 146,880
10UF001 8/27/1982 1.70 146,880
10UF001 8/28/1982 1.59 137,376
10UF001 8/29/1982 1.39 120,096
10UF001 8/30/1982 1.22 105,408
10UF001 8/31/1982 1.12 96,768
10UF001 9/1/1982 0.99 85,190
10UF001 9/2/1982 0.92 79,574
10UF001 9/3/1982 0.89 76,982
10UF001 9/4/1982 0.83 71,366
10UF001 9/5/1982 0.75 65,059
10UF001 9/6/1982 0.71 61,430
10UF001 9/7/1982 0.70 60,653




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)

10UF001 9/8/1982 0.72 61,862
10UF001 9/9/1982 0.66 57,197
10UF001 9/10/1982 0.47 40,608
10UF001 9/11/1982 0.48 41,731
10UF001 9/12/1982 0.50 43,027
10UF001 9/13/1982 0.31 26,438
10UF001 9/14/1982 0.30 26,006
10UF001 9/15/1982 0.36 31,277
10UF001 9/16/1982 0.38 32,400
10UF001 9/17/1982 0.39 33,264
10UF001 9/18/1982 0.40 34,128
10UF001 9/19/1982 0.41 34,992
10UF001 9/20/1982 0.37 31,968
10UF001 9/21/1982 0.34 29,376
10UF001 9/22/1982 0.31 26,784
10UF001 9/23/1982 0.29 25,056
10UF001 9/24/1982 0.27 23,328
10UF001 9/25/1982 0.25 21,600
10UF001 9/26/1982 0.24 20,736
10UF001 9/27/1982 0.23 19,699
10UF001 9/28/1982 0.22 18,576
10UF001 9/29/1982 0.21 17,712
10UF001 9/30/1982 0.20 16,848
10UF001 6/1/1983 0.00 0
10UF001 6/2/1983 0.00 0
10UF001 6/3/1983 0.00 0
10UF001 6/4/1983 0.00 0
10UF001 6/5/1983 0.00 0
10UF001 6/6/1983 0.00 0
10UF001 6/7/1983 0.00 0
10UF001 6/8/1983 0.00 0
10UF001 6/9/1983 0.00 0
10UF001 6/10/1983 0.00 0
10UF001 6/11/1983 0.02 1,728
10UF001 6/12/1983 0.08 6,912
10UF001 6/13/1983 0.22 19,008
10UF001 6/14/1983 0.32 27,648
10UF001 6/15/1983 0.48 41,472
10UF001 6/16/1983 0.70 60,480
10UF001 6/17/1983 1.00 86,400
10UF001 6/18/1983 1.50 129,600




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 6/19/1983 2.30 198,720
10UF001 6/20/1983 3.50 302,400
10UF001 6/21/1983 5.00 432,000
10UF001 6/22/1983 7.00 604,800
10UF001 6/23/1983 8.99 776,736
10UF001 6/24/1983 10.10 872,640
10UF001 6/25/1983 10.90 941,760
10UF001 6/26/1983 12.70 1,097,280
10UF001 6/27/1983 9.85 851,040
10UF001 6/28/1983 7.15 617,760
10UF001 6/29/1983 9.42 813,888
10UF001 6/30/1983 13.00 1,123,200
10UF001 7/1/1983 8.88 767,232
10UF001 7/2/1983 8.74 755,136
10UF001 7/3/1983 6.38 551,232
10UF001 7/4/1983 6.92 597,888
10UF001 7/5/1983 7.58 654,912
10UF001 7/6/1983 6.83 590,112
10UF001 7/7/1983 491 424,224
10UF001 7/8/1983 6.73 581,472
10UF001 7/9/1983 7.21 622,944
10UF001 7/10/1983 7.97 688,608
10UF001 7/11/1983 13.40 1,157,760
10UF001 7/12/1983 8.55 738,720
10UF001 7/13/1983 5.78 499,392
10UF001 7/14/1983 5.82 502,848
10UF001 7/15/1983 6.31 545,184
10UF001 7/16/1983 6.58 568,512
10UF001 7/17/1983 7.70 665,280
10UF001 7/18/1983 6.80 587,520
10UF001 7/19/1983 5.40 466,560
10UF001 7/20/1983 4.30 371,520
10UF001 7/21/1983 3.40 293,760
10UF001 7/22/1983 2.70 233,280
10UF001 7/23/1983 2.10 181,440
10UF001 7/24/1983 1.70 146,880
10UF001 7/25/1983 1.40 120,960
10UF001 7/26/1983 1.90 164,160
10UF001 7/27/1983 2.90 250,560
10UF001 7/28/1983 4.20 362,880
10UF001 7/29/1983 5.80 501,120




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 7/30/1983 8.50 734,400
10UF001 7/31/1983 12.00 1,036,800
10UF001 8/1/1983 11.00 950,400
10UF001 8/2/1983 10.00 864,000
10UF001 8/3/1983 9.00 777,600
10UF001 8/4/1983 8.00 691,200
10UF001 8/5/1983 7.00 604,800
10UF001 8/6/1983 6.00 518,400
10UF001 8/7/1983 5.40 466,560
10UF001 8/8/1983 4.80 414,720
10UF001 8/9/1983 4.40 380,160
10UF001 8/10/1983 3.80 328,320
10UF001 8/11/1983 4.10 354,240
10UF001 8/12/1983 4.50 388,800
10UF001 8/13/1983 4.90 423,360
10UF001 8/14/1983 5.30 457,920
10UF001 8/15/1983 6.00 518,400
10UF001 8/16/1983 5.50 475,200
10UF001 8/17/1983 4.80 414,720
10UF001 8/18/1983 3.90 336,960
10UF001 8/19/1983 3.40 293,760
10UF001 8/20/1983 2.90 250,560
10UF001 8/21/1983 2.50 216,000
10UF001 8/22/1983 2.20 190,080
10UF001 8/23/1983 1.93 166,752
10UF001 8/24/1983 2.02 174,528
10UF001 8/25/1983 1.95 168,480
10UF001 8/26/1983 1.76 152,064
10UF001 8/27/1983 1.56 134,784
10UF001 8/28/1983 1.42 122,688
10UF001 8/29/1983 1.24 107,136
10UF001 8/30/1983 1.16 100,224
10UF001 8/31/1983 1.16 100,224
10UF001 9/1/1983 1.54 133,056
10UF001 9/2/1983 1.41 121,824
10UF001 9/3/1983 1.18 101,952
10UF001 9/4/1983 1.17 101,088
10UF001 9/5/1983 0.95 81,994
10UF001 9/6/1983 0.81 69,552
10UF001 9/7/1983 0.74 64,022
10UF001 9/8/1983 0.68 58,579




PANGNIRTUNG - DUVAL RIVER DISCHARGE MONITORING (1973 - 1983)
Station 10UF001 (Lat: 66° 04' 03" N, Long: 65° 41' 10" W)

Instantaneous
Flow Value Daily Discharge
ID Date (m3/s) Volume (m3)
10UF001 9/9/1983 0.62 53,395
10UF001 9/10/1983 0.59 50,803
10UF001 9/11/1983 0.51 43,632
10UF001 9/12/1983 0.51 43,632
10UF001 9/13/1983 0.47 40,176
10UF001 9/14/1983 0.43 37,152
10UF001 9/15/1983 0.40 34,560
10UF001 9/16/1983 0.38 32,400
10UF001 9/17/1983 0.35 30,240
10UF001 9/18/1983 0.33 28,512
10UF001 9/19/1983 0.31 26,784
10UF001 9/20/1983 0.29 25,315
10UF001 9/21/1983 0.28 23,760
10UF001 9/22/1983 0.27 22,896
10UF001 9/23/1983 0.26 22,032
10UF001 9/24/1983 0.25 21,427
10UF001 9/25/1983 0.24 20,736
10UF001 9/26/1983 0.24 20,304
10UF001 9/27/1983 0.23 19,699
10UF001 9/28/1983 0.22 19,267
10UF001 9/29/1983 0.22 18,922
10UF001 9/30/1983 0.22 18,576
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Appendix D — Seasonal Surface Displacement Map and Surficial
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Abstract

This map shows the spatial distribution of the relative
ground surface displacement between the major terrain
units during one summer in the area of Pangnirtung.
The ground displacement was derived using
interferometric synthetic aperture radar (INSAR) data for
the summer of 2011. Stable ground represents locations
where either no vertical change was calculated or
where displacement was within the expected range of
error (£ 0.5 cm). Very low, low, moderate, and high
downward displacement represents surface lowering on
the order of 0.5 to 2, 2 to 4.5, 4.5 to 8.5, and 8.5 to 10
cm, respectively. Upward displacement represents a
surface rise of 0.5 to 3 cm. Areas of no data result from
a loss of interferometric coherence. These are typically
water and other relatively smooth surfaces from which
there is no radar return, or where there has been
significant ground surface disturbance and the radar
returns cannot be correlated. The InSAR results
correspond well with the expected displacement
associated with the characteristics of the major terrain
units. The displacement reflects seasonal settlement
caused by thawing of ice in the active layer or in the

Preliminary

Résumé

Cette carte montre la distribution spatiale et relative,
entre les différentes unités de terrain, des
déplacements a la surface du sol au cours d’un été pour
la région de Pangnirtung. Le déplacement a la surface
du sol a été obtenu en utilisant les données de
l'interférométrie radar a ouverture synthétique (InSAR)
de I'été 2011. Un sol stable représente une zone ou |l
n’y a pas de changement verticale dans le déplacement
de la surface ou la ou le déplacement est compris a
lintérieur de la marge derreur (+ 0,5 cm). Des
déplacements vers le bas tres faibles, faibles, modérés
et élevés représentent des diminutions de la surface
d’élévation de l'ordre de 0,56 a2,2a4,5,45a85¢et8,5
a 10 cm respectivement. Un déplacement vers le haut
représente I'augmentation de la surface d’élévation de
0,5 a 3 cm. Les zones sans données sont le résultat
d’'une perte de cohérence interférométrique. Ces zones
sont typiquement les étendues d'eau et les surfaces
relativement lisses a partir desquelles il n’y a pas de
réflexion radar ainsi que les zones ou la perturbation de
la surface du sol est importante. Dans ce cas, la
réflexion radar ne peut étre corrélée. Une bonne

corrélation existe entre les données InSAR et les
déplacements qui sont susceptibles de survenir selon la
connaissance des caractéristiques des principales
unités de terrain. Le déplacement est causé par le
tassement au dégel du mollisol ou du pergélisol riche
en glace prés de la surface.

near-surface permafrost.
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SOIL MOISTURE Volumetric water content ﬂ
- _ Site at 5 cm depth (%) Terrain unit Visual soil description -
Soil moisture may affect the penetration depth of a radar wave and hence the INSAR measurements (Nolan and 2010 1 / &
Fatland, 2003). A radar wave may penetrate dry soils, reflecting off the dry/wet interface; this can result in the 2011 /\ /
displacement signal representing the movement of the moisture front rather than surface displacement. To SM1 75.6 36.8 lluvi fib ¢
account for the influence of soil moisture, volumetric moisture content was measured at several sites on May : . cofluvium lbrous pea
31, 2010 and on August 4 and 5, 2011 (Table 1). Although different years, these values provide a qualitative ~05% fibrous peaty oraanics. <5% brown sand and
sense of how volumetric water content progresses over a summer season. For wet soils, i.e. volumetric water SM2 76.72 23 colluvium ravezl pealy org ’ °
contents above 30%, fluctuations in water content do not affect the penetration depth (Nolan and Fatland, 9
2003). Results show that most of the measured moisture contents of the spring snowmelt season and half of SM3 73 62 714 colluvium 50-60% fibrous peat, 40—50% brown sand with Cb/Tx
the late summer moisture contents were high enough to preclude penetration of the radar wave. For values : ' gravel (to 30 mm) and silt -
less than 30%, some penetration is theoretically possible, however, according to the modelled example of _ 80-90% brown sand, some gravel (to 10 mm), trace =< —
Rabus et al. (2010) it is highly probable that any penetration will fall within our estimated margin of error for the SM4 40.4 217 colluvium | i 10-20% fibrous (’)rganics ' /
INSAR measurement (+ 0.5 cm). Therefore, soil moisture changes do not appear to be a significant factor : - —— - Cb/T
influencing the interpretation of these INSAR resullts. SM5 64.82 18.1 colluvium | 60-70% light brown/beige fine sand and silt, trace Tm
' ' gravel (to 8 mm), 30—40% fibrous peat Mr
CORRELATION WITH SURFICIAL GEOLOGY . 65% fibrous organics, 35% light brown/beige silt and .
Using th rficial I d di diti d by Carb t al. (2011), stabl d, +0.5 - e i i sand. trace gravel {gm [
sing the surficial geology and ground ice conditions mapped by Carbonneau et al. , stable ground, + 0. . )
cm displacement, was associated with the coarse, boulder-rich, alluvial fan and bedrock outcrops. The Duval SM7 29.3 223 alluvial terrace 85_99% brown sand, some silt, 10-15% fibrous M2
River alluvial terrace showed greater downward displacement relative to the alluvial fan, as expected from organics \ Cf J
continual river erosion. Although the alluvial terrace has been prone to thermal erosion events, sudden and SM8 98.0 729 alluvial terrace | fibrous peaty organics / SM3
extreme events that cause significant surface change are not likely to be well reproduced by the INSAR data. : : peaty org ' / $ Ca
The greatest downward displacements were associated with areas where colluvium overlies marine and till _ o _
deposits, and areas of ice-rich permafrost. These displacements reflect seasonal settlement caused by thawing gable_1 -_S“mfma"VIOf VO(;“'T‘et”C water contents measured on May 31, 2010 and August 4 and 5, 2011, terrain units and soil SMa
of ice in the active layer (seasonally-frozen ground) or permafrost (perennially-frozen ground). Areas of upward escriptions for selected sites. &
displacement may be_ due to ground heave or mlght be mlsreprese_nted horizontal mo_v_ement on S_Ioped ! Site locations may not be exactly the same as year 2010, however, nearby representative areas (dry/wet) were chosen in
surfaces. Combining interferograms from both ascending and descending tracks would facilitate calculation of [ | year 2011.
three-dimensional displacement and eliminate this ambiguity. Although the displacement has not been
quantitatively validated, the relative spatial distribution of displacement correlates well with the surficial geology % Volumetric water content calculated from gravimetric water content measured at site location. At other site locations,
and the known ground ice conditions. The InSAR results may vary from year to year and a longer record of volumetric water content was measured using a Delta-T Devices ML2x ThetaProbe soil moisture sensor. SM5 Y
measurement will permit the differentiation between seasonal and long-term trends in ground surface P S e
displacement.
Cb/T
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Seasonal ground displacement was derived for Pangnirtung
using interferometric synthetic aperture radar (INSAR) data
from the summer of 2011. RADARSAT-2 Spotlight scenes on
an ascending orbit were acquired on June 12, July 6, July 30,
August 23, and September 16. The data were
interferometrically stacked and the three months of summer
vertical displacement calculated according to the methodology
outlined in Short et al. (2011). Each displacement
measurement represents an area of approximately 1.5 x 1.5 m
on the ground.

SEASONAL SURFACE DISPLACEMENT DERIVED FROM INSAR

PANGNIRTUNG
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Shaded relief image prepared by A.-S. Carbonneau and
derived from digital elevation model created from 50 cm
Worldview-2 stereo satellite images acquired July 10,
2010. 1m DEM created using a proprietary stereo image
matching process by PhotoSat Information Ltd.
lllumination: azimuth 315°, altitude 45°, vertical factor 1x

Proximity of the North Magnetic Pole causes the magnetic
compass to be erratic in this area.
Magnetic declination 2012, 33°20°W, decreasing
29.2" annually.

The Geological Survey of Canada welcomes corrections or

additional information from users.

This publication, including digital data, can be downloaded

free of charge from GeoPub (http://geopub.nrcan.gc.ca/).
Itis also available from the Geological Survey of Canada
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Relative surface displacement

Upward displacement (+0.5 to 3 cm)

Stable (+0.5 to -0.5 cm)

Very low downward displacement (-0.5 to -2 cm)

Low downward displacement (-2 to -4.5 cm)

Moderate downward displacement (-4.5 to -8.5 cm)

High downward displacement (-8.5 to -10 cm)

Loss of INSAR coherence.

Geological contacts and label unit, for definition of the geological units below,

Af see Canadian Geoscience Map 65 (Carbonneau et al., 2012).
Af Fan sediments
At Alluvial terraces
Ca Talus
Cb/Mn Colluvial blanket (Cb) over littoral to nearshore sediments (Mn)
Cb/T Colluvial blanket (Cb) over reworked till (Tx)
Cb/Tx Colluvial blanket (Cb) over till (T)
Cf Bouldery debris flow
Mr Beach sediments
R Bedrock
Tm Lateral moraine
Tv Till veneer

_d}Site

Soil moisture measurement

DISCLAIMER

Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources
(“Canada”), Université Laval, and the hamlet of Pangnirtung do not warrant or guarantee the
accuracy or completeness of the information (“Data”) on this map and do not assume any
responsibility or liability with respect to any damage or loss arising from the use or interpretation of

the Data.

The Data on this map are intended to convey regional trends and should be used as a guide
only. The Data should not be used for design or construction at any specific location, nor are the
Data to be used as a replacement for the types of site-specific geotechnical investigations.
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Abstract

The map of surficial geology and periglacial features in
Pangnirtung was done to help decision-makers,
planners and engineers to better adapt the community
to the impacts of climate change. The dominant surface
unit on the map consists of colluvium deposits which
are ice-rich sandy sediments deposited by overland-
flow during snowmelt. Buried soils as old as 7080 cal
BP were found imbedded in a colluvium layer. In the
eastern sector of town, colluvium 1 to 4 metres thick
covers till and a network of ice wedges. It also covers
ice-rich marine silts and bedrock in the western sector.
The central sector of town is occupied by a coarse,
boulder-rich, Holocene outwash fan deposited by the
Duval River. An alluvial terrace with boulders and some
eroded channels were incised by the river in the fan.
Bedrock and thick till deposits are found in the upper
river valley and on the slopes of the fjord.

Résumé

La carte des conditions du pergélisol et des formes
périglaciaires de Pangnirtung a été produite pour aider
les décideurs, les urbanistes et les ingénieurs a mieux
adapter la communauté aux impacts des changements
climatiques. Des colluvions sableuses riches en glace
et mises en place lors du ruissellement printanier
occupent la plus grande superficie sur la carte. Des lits
de matiere organique enfouis et atteignant 7080 cal BP
y sont interstratifiés. Dans le secteur est du village, les
colluvions, d’'une épaisseur de un a quatre meétres,
recouvrent un dépdt de till et un réseau de coins de
glace. Les colluvions recouvrent des dépdts marins
silteux et le roc dans le secteur ouest. Un paléo-céne
de déjection d’age holocene et composé de sable et
gravier a été mis en place par la riviere Duval dans le
centre du village. Celui-ci a ensuite été incisé par la
riviére, entaillant une terrasse alluviale et des chenaux
fluviatiles. Un épais dépdt de till et du roc sont retrouvés
en amont de la riviere, ainsi que sur les versants de la
vallée glaciaire.
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Sample Radiocarbon Depth Elevation Material 14 date Standard Cal BP Cal BP

Number lab. code (cm) (m) (BP) deviation in age range 20 median probability
Pang SDH-02 UCIAMS-87499 21.5-22 24.79 Peat 205 20 0-299 170
Pang SDH-13 UCIAMS-87505 | 43.5-44.5 17.57 Peat 365 15 325496 445
Pang SDH-02 UCIAMS-87500 37-38 24.63 Peat 680 15 568-672 660
Pang SDH-02 UCIAMS-87501 41-44 24.58 Peat 755 20 669-723 685
Pang SDH-13 UCIAMS-87510 | 21.5-22.5 17.79 Peat 990 15 803-951 924
Pang SDH-09 UCIAMS-87503 67-72.5 22.31 Peat 1015 20 917-963 937
Pang SDH-13 UCIAMS-87513 46-48.5 17.53 Peat 1215 15 1069-1223 1137
Pang SDH-09 UCIAMS-87509 79.5-83 22.19 Peat 1695 15 1543-1690 1592
Pang SDH-09 UCIAMS-87504 6566 22.35 Organic sediment 1890 15 1745-1884 1847
Pang SDH-11 UCIAMS-87507 56-58 16.43 Buried soil 1910 15 1823-1888 1856
Pang SDH-11 UCIAMS-87517 54-56 16.45 Buried soil 1935 15 1828-1925 1884
Pang SDH-09 UCIAMS-87508 106-107 21.94 Peat 1990 20 1893-1990 1939 ®
Pang SDH-09 UCIAMS-87516 43-45 22.56 Organic sediment 3060 15 3219-3345 3295
Pang SDH-08 UCIAMS-87514 58-65 21.39 Buried soil 3360 20 3511-3686 3605
Pang SDH-13 UCIAMS-87849 54-56 17.45 Organic sediment 3520 15 3721-3859 3781
Pang SDH-11 UCIAMS-87506 156-157 15.44 Buried soil 3945 20 42964511 4416
Pang SDH-08 UCIAMS-87515 77-83 21.2 Buried soil 4965 20 5624-5740 5690
Pang SDH-06 UCIAMS-87502 77-79 24.22 Buried soil 6190 20 7007-7166 7080

Pang S5 UCIAMS-85914 10 6.9 Marine shells 8185 25 8210-8594 8517
Pang SDH-08 UCIAMS-85913 | 237-247 19.58 Mya truncata 9015 25 9378-9823 9553
Table 1. List of radiocarbon dates on organic layers, paleosoils, and marine fossils found in the colluviums layer of the permafrost, Pangnirtung.
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QUATERNARY
HOLOCENE SEDIMENTS
Colluvial deposits

Talus: generally active accumulations of blocks and rubble, as much as 50 m
thick forming talus (scree) aprons at angle of repose below cliffs derived from
rock falls.

Bouldery debris flow: blocky to gravelly debris-flow accumulations mixed with
scree, 1-50 m thick, traversed by narrow channels and debris levees; interrupt
scree slopes (Ca) at the exits of prominent debris hopper in cliff; surface slopes
less than angle of repose but steeper than those of alluvial fans.

Colluvial blanket (Cb) over littoral to nearshore sediments (Mn): colluvium
made of sand and gravel layers up to 4 m thick. The underlying marine
sediments are composed of gravel, sand and silt; 2—15 m thick depending on
the bedrock topography, formed near or at the ice margin.

Colluvial blanket (Cb) over reworked till (Tx): colluvium made of sand and
gravel layers up to 4 m thick on top of pre-existing washed till deposits below
the marine limit. A thin peat layer (5 to 25 cm) overlies the colluvial deposit.
Affected by periglacial processes such as gelifluction lobes and frost boils. Ice
wedges occasionally present in the near surface permafrost.

Colluvial blanket (Cb) over till (T): colluvium made of sand and gravel layers
up to 4 m thick underlain by a till composed of sand gravel and boulders in a
silty-sand matrix; more than 20 m thick. A thin peat layer (5 to 25 cm) overlies
the colluvial deposit. Affected by periglacial processes such as gelifluction lobes,
frost boils and block fields. Ice wedges occasionally present in the near surface
permafrost.

Alluvial sediments

Fan sediments: the fan was built by the Duval River and debris flows during
the Holocene forming channels and levees, the sediment consists of gravel,
sand, and boulders with detrical organic layers and buried soils.

Alluvial terraces: gravel, sand, and boulders in terraces; 1-10 m thick, above
limit of actual flooding. Formed during the Late Holocene. Affected by tension
cracks along the banks of Duval River.

Marine sediments

Intertidal sediments: silt and sandy silt deposited in the intertidal zone; mostly
boulder mudfiats. No permafrost is expected.

Beach sediments: littoral and nearshore sediments deposited as beaches.
Permafrost may be present.

PLEISTOCENE AND EARLY HOLOCENE

Glacial sediments (Till): sediments deposited in subglacial and ice-marginal
environments.

Lateral moraine: 5-40 m high ridges and hummocks comprised of thick till,
forming lateral moraines regarded as the youngest of the Duval moraines
during ice-marginal recession. Gelifluction lobes present on the slopes of the
moraine. Block fields may also be present.

Till veneer: Diamicton with silty sand matrix, 0.5—-2 m thick and discontinuous;
insufficiently thick to mask the relief of underlying bedrock surface.

PRE-QUATERNARY

Bedrock (Precambrian).

Frost boil areas

Blockfields: Localized lag concentrations of boulders due to wavewash or
fluvial erosion of till matrix

String-structured drainage networks: Poorly organized surface drainage
networks

Geological contact

Boulder barricade

-— - - - Limit of glaciomarine submergence - approximate

~—w—w—w—w Moraine ridge: lateral

++——++—+—+  Tension cracks caused by collapse of terrain due to thermal erosion

Tt Fluvial terrace scarp

Frost crack (ice wedges)

Gelifluction lobe and sheet terminal margins

Rills and watertracks; running throughout all arctic summer

e Rills and watertracks; running occasionally during spring melt
Name

@

Radiocarbon dated sample location

Name
Thermistor cable location

o,

Name

4

Permafrost coring site

®

Name
% Permafrost coring site with radiocarbon dated sample
Name
¢ Permafrost coring site with thermistor cable installed
Name® Permafrost coring site with thermistor cable installed and radiocarbon dated

4

sample

Note: Considering the practical importance of shallow depth geological formations and
permafrost conditions, three composite map units (Cb/Mn, Cb/T, Cb/Tx) appear on the map.
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