Regional Aquatics |
Monitoring Program §¥

2012 TECHNICAL REPORT
FINAL




(B Y

L

Hatfield

CONSULTANTS

Kilgour & Associates Ltd. /1 K\
dp g Environmental Consultants = §
g jg

REGIONAL AQUATICS MONITORING PROGRAM

2012 Technical Report

FINAL

Prepared for:
RAMP STEERING COMMITTEE

Prepared by:
The RAMP 2012 Implementation Team

Consisting of:

HATFIELD CONSULTANTS
KILGOUR AND ASSOCIATES LTD.
and WESTERN RESOURCE SOLUTIONS

APRIL 2013
RAMP1806.2

Hatfield Consultants Partnership www.hatfieldgroup.com




TABLE OF CONTENTS

LIST OF TABLES ..ot e e e e aa s Vi
LIST OF FIGURES. ... .o e XXVii
LIST OF APPENDICES ...t xIvi
ACKNOWLEDGEMENTS ..o xlvii
2012 IMPLEMENTATION TEAM ... xlviii
EXECUTIVE SUMMARY ...ttt ea e e xlix
1.0 INTRODUCTION....couiiiitii e e e e eaans 1-1
1.1 ATHABASCA OIL SANDS REGION BACKGROUND ........cccociviiiiiieee e 1-1
1.2 OVERVIEW OF RAMP ....cutttiiitie ettt e e e e e e e s et e e e e e e e s s nnnnenneeeaeas 1-4
1.2.1 Organization Of RAMP ........uiiiiieiiii e aanananaana 1-5
1.2.2 RAMP ODJECHIVES. ...t 1-6
1.3 RAMP STUDY AREAS ...ttt e e e e e e a e e e e e e e aans 1-6
1.4 GENERAL RAMP MONITORING AND ANALYTICAL APPROACH.................. 1-12
14.1 FOcal ProjectS......ccoooeiiiceeeccee e, 1-12
1.4.2 Overall RAMP Monitoring APProach ... 1-12
143 RAMP COMPONENLS ..o 1-13
144 Definition Of TerMS ..o 1-13
145 Monitoring Approaches for RAMP Components...........cccceeeeeei e 1-14
1.4.6 Alignment with the JOSM PIaN ........ooiiiiiiiiiiee e 1-20
1.4.7 Overall Analytical Approach for 2012............ceiiiieiiiiici e, 1-20
15 ORGANIZATION OF THE RAMP 2012 TECHNICAL REPORT.......ccccevvviiene. 1-24
2.0 SUMMARY OF FOCAL PROJECT ACTIVITIES IN 2012................. 2-1
2.1 DEVELOPMENT STATUS OF FOCAL PROJECTS. ...ttt ee e 2-1
2.2 DEVELOPMENT STATUS OF OTHER OIL SANDS PROJECTS.........cceeeeenneee 2-1
2.3 SUMMARY OF FOCAL PROJECT ACTIVITIES IN 2012......cccovveieiiiiiiiiiiieeeaeennn 2-1
231 SUNCOI ENEIGY INC. oottt 2-1
2.3.2 Syncrude Canada Ltd. .........coouuiuiiiiiiiii e 2-4
2.3.3 Shell Canada ENEIQY........uuueeiieeiiiiiiiiiiiiiiiiriieerirrrreerrr e —————————————— 2-5
234 Canadian Natural RESOUICES LEd.........ceuuuuiueiiiieiiieiiieeiieeiiieeieerreeennenrnnenrenn. 2-5
2.35 NEXEN INC. et e ettt e e e e e e e ee bbb eeeaaeaees 2-5
2.3.6 IMperial Oil RESOUITES ......uuuiiiieeeieeeii et e e e e e e e e ea e e e e e 2-5
2.3.7 Q] r= I =7 = Vg =T - N (o 2-6
2.3.8 HUSKY ENEIQY oottt e e 2-6
2.3.9 [ =T 0] 4TS 510 L= o o T 2-6
2.3.10 (070 aToTelo] od o 11T o ST OF=T g T=To - NS 2-6
2311 Devon ENergy Canada ........ccooeeiiiiiiiiiiiiieee et 2-6
2.3.12 Do)V R @] o =T = 11T e [ O o] o T 2-6
2.3.13 Y L = g T=T (o |V O o] o PP 2-7
2.3.14 Japan Canada Oil Sands Limited (JACOS)......cccceiiiiiiiiiiiiiiieeeeeeeiiieeeeea e 2-7
2.3.15 TECK RESOUICES L. ... e e e 2-7
2.3.16 L0020 [0 NV IS = aT=T o )V 1 o 2-7

Regional Aquatics Monitoring Program (RAMP) i Final 2012 Technical Report



2.3.17
2.4
2.5

3.0

3.1

3.11
3.1.2
3.1.3
3.14
3.1.5
3.2

3.2.1
3.2.2
3.2.3
3.24
3.25

4.0

4.1
4.2
42.1
4.2.2
4.2.3
4.3
43.1
4.3.2
4.3.3
4.3.4
4.4

5.0

5.1

51.1
5.1.2
5.1.3
514
5.1.5
5.2

521
5.2.2
5.2.3
524
5.2.5
5.3

5.3.1
5.3.2
5.3.3

)z L (0] | I Or=T g = To F= T IR (o TR 2-7

WATER USE RELATED TO FOCAL PROJECT ACTIVITIES IN 2012 ................ 2-7
LAND CHANGE AS OF 2012 RELATED TO DEVELOPMENT ACTIVITIES....... 2-8
2012 RAMP MONITORING ACTIVITIES......cciiieie e, 3-1
FIELD DATA COLLECTION ...ttt 3-1
Climate and Hydrology COMPONENT...........uuiiiiiiiiiiiiiiieieee e 3-1
Water Quality COMPONENT ......oiii e e 3-17
Benthic Invertebrate Communities and Sediment Quality ............ccccoeeivvenee. 3-33
Fish Populations COMPONENT ..........uuuiiiiiieeeeiiiii e 3-51
Acid-Sensitive Lakes COMPONENT........coiieiiiiiiiiiieee e 3-69
ANALYTICAL APPROACH . ... ettt 3-76
Climate and Hydrology COMPONENT...........uuviiiiiiiiiiiiiiiiieeee e 3-76
Water Quality COMPONENT ...t 3-79
Benthic Invertebrate Communities and Sediment Quality .............cccccceeeenen. 3-91
Fish Populations Component ...........ccccoooeiii 3-100
Acid-Sensitive LakesS COMPONENT........ccciiiiiiiiiiiiieiee e 3-116

CLIMATE AND HYDROLOGIC CHARACTERIZATION OF THE

ATHABASCA OIL SANDS REGION IN 2012.......ccoevviiiiiieieiiieeeennn. 4-1
INTRODUGCTION ....ciitiiiiieie ettt e e e e e e s e s s e e e e e e e e e s snsbbnneeeeeaeaeans 4-1
CLIMATE CHARACTERIZATION ...ttt 4-1
Precipitation ... 4-2
] 8101/ o= T 4-4
A TEMPEIALUIE ... 4-6
HYDROLOGIC CHARACTERIZATION ...ttt 4-8
Athabasca RIVET ..o 4-9
OS] =0 T A= 4-12
MacKay RIVEL ..o, 4-14
L0 0T 111 = T =T 4-16
SUMMARY oottt e e ettt e e e e e e e s et e e et e e e e e e e a e e aaaeeaaeannnrranes 4-18
2012 RAMP RESULTS ...t 5-1
ATHABASCA RIVER AND ATHABASCA RIVER DELTA ..o, 5-2
Summary of 2012 CONAIIONS ....vvueiiie e 5-6
Hydrologic Conditions: 2012 Water YEar ..........ccuuueriiieeeeiiiiiiiiiieeeee e 5-8
WaLEr QUAIILY ...eeeeeeeiiie ettt 5-9
Benthic Invertebrate Communities and Sediment Quality ............cccccceeenee. 5-13
Fish Populations ... 5-20
MUSKEG RIVER WATERSHED .......cooiiiiiiiiiiiiieee et 5-90
Summary of 2012 CONAITIONS ....ceeviiiiiiiiiiiiee e 5-94
Hydrologic Conditions: 2011 Water YEar ..........cccevvieeiiieeiiiiie e eeeeviiine e 5-96
Water QUAlItY ......ccooeieii i 5-97
Benthic Invertebrate Communities and Sediment Quality .................cceeeee. 5-101
FisSh POPUIALIONS ... e 5-109
STEEPBANK RIVER WATERSHED.......ccciiiiiiiiiiiiiieee e 5-178
Summary of 2012 CONAItIONS .........eevvveiiieiiiieiiieiieeereeereeererereer . 5-180
Hydrologic Conditions: 2012 Water YEAr ..........cccuvviiiiieeeiiiiiiiiiieeeee e 5-181
Water QUAIILY ...vvveei e e e e e e e e e e e e et e e e 5-182

Regional Aquatics Monitoring Program (RAMP) ii Final 2012 Technical Report



534
5.35
5.4
54.1
5.4.2
5.4.3
544
5.4.5
5.5
551
55.2
5.5.3
554
5.5.5
5.6
5.6.1
5.6.2
5.6.3
5.6.4
5.6.5
5.7
5.7.1
5.7.2
5.7.3
5.7.4
5.7.5
5.8
5.8.1
5.8.2
5.8.3
584
5.8.5
5.9
59.1
5.9.2
5.9.3
594
5.9.5
5.10
5.10.1
5.10.2
5.10.3
5.10.4
5.10.5
5.11
5.11.1
5.11.2
5.12
5.12.1
5.12.2

Benthic Invertebrate Communities and Sediment Quality .......................... 5-184
FiSh POPUIALIONS ... 5-186
TAR RIVER WATERSHED ......coiiiiiiiiiiiii ettt 5-230
Summary of 2012 CONAILIONS ....vvuuii i e e eeeenes 5-232
Hydrologic Conditions: 2012 Water Year .............ccccceeevviiiviiiiieeeeeeeeee 5-233
WaALEr QUAIILY ...eeeeeeeeieitt ettt e e e 5-234
Benthic Invertebrate Communities and Sediment Quality ........................... 5-235
Fish Populations ... 5-238
MACKAY RIVER WATERSHED .....cccoiiiiiiiiiiiieiee ettt 5-264
Summary of 2012 CONAILIONS .....ceviiiiiiiiiiiiiie e 5-266
Hydrologic Conditions: 2012 Water Year.........cccceevveeevieeviiiiiie e 5-267
Water QUAlILY ......ccooei i 5-268
Benthic Invertebrate Communities and Sediment Quality ..............c..ccueeeee. 5-270
FiSh POPUIALIONS ... 5-272
CALUMET RIVER WATERSHED ... 5-298
Summary of 2012 CONItIONS ..........evvvveiiiiiiiiiiieriieerreer ... 5-300
Hydrologic Conditions: 2012 Water YEaAr ..........c..uvevveeeeiiiiiiiiiieieeee e 5-301
Water QUATILY ..o 5-302
Benthic Invertebrate Communities and Sediment Quality .............cccccvvvennn.. 5-303
FiSh POPUIALIONS ... 5-307
FIREBAG RIVER WATERSHED.........oiiiitiiiiiiiee e 5-330
Summary of 2012 CONAILIONS .....evviiiiiiiiiiiiii e 5-333
Hydrologic Conditions: 2012 Water Year.........ccccccevveeeviveeiiiiii e 5-334
WaLEr QUAIITY ...eeeieeiiiiit e 5-335
Benthic Invertebrate Communities and Sediment Quality ................occeeeee. 5-337
[ ] g I 0] o101 F= o] £ 5-340
ELLS RIVER WATERSHED........outiiiiiiiieee ettt 5-366
Summary of 2012 CONAILIONS .....cevvieiiiiiiiiiiiiie e 5-368
Hydrologic Conditions: 2012 Water YEar ..........ccccuvvvviiieeeiiiiiiiiiiieeeee e 5-369
Water QUAIILY ...vvveii e e e e e e e e e e e e e e e 5-371
Benthic Invertebrate Communities and Sediment Quality ........................... 5-372
FiSh POPUIALIONS ... 5-376
CLEARWATER RIVER WATERSHED. ..o 5-404
Summary of 2012 CONAILIONS ....uvuuiiee e e e e eeaees 5-406
Hydrologic Conditions: 2012 Water Year ............ccccccevvveiiiiiiiiiiieeeeeeeee 5-408
WaLEr QUAIILY ...eeeiieieiitiee et e e 5-408
Benthic Invertebrate Communities and Sediment Quality .............cccccvvvennn.. 5-410
Fish Populations ..., 5-411
CHRISTINA RIVER WATERSHED .....ociiiiiiiiiiiiiiiieeeee et 5-458
Summary 0f 2012 CONAILIONS .....cevvieiiiiiiiiiie e 5-462
Hydrologic Conditions: 2012 Water Year.........ccccccevveeeviieeiiiiiiie e 5-463
Water QUAIILY ......ccoeei e 5-466
Benthic Invertebrate Communities and Sediment Quality ..............c.oecueeee. 5-468
FiSh POPUIALIONS ... 5-474
HANGINGSTONE RIVER WATERSHED........cccoiiiiiiii e 5-544
Summary of 2012 CONItIONS .........eevvieriiiiiiiiiiieiiiieereereeereree ... 5-546
Hydrologic Conditions: 2012 Water YEAr ..........cccuvviviiieeeiiiiiiiiiiieeee e e 5-546
PIERRE RIVER AREA ..ottt 5-550
Summary of 2012 CONAILIONS .....uuuieiii e e e e eeeeees 5-553
Water QUAIILY ....ccoeeeee e 5-553

Regional Aquatics Monitoring Program (RAMP) iii Final 2012 Technical Report



5.13

5.13.1
5.13.2
5.13.3
5.134
5.135
5.13.6
5.13.7
5.14

5.14.1
5.14.2
5.14.3
5.14.4

5.14.5
5.14.6
5.14.7

6.0
6.1

6.1.1
6.1.2
6.1.3
6.2

6.2.1
6.2.2
6.2.3
6.3

6.3.1
6.3.2
6.3.3
6.4

6.4.1
6.4.2
6.4.3
6.4.4
6.4.5

7.0

7.1
7.1.1
7.1.2
7.2
7.2.1
7.2.2
7.3
7.3.1
7.3.2

MISCELLANEOUS AQUATIC SYSTEMS ....coiiiiiiieiiieeeeee e 5-566
Summary of 2012 CONAILIONS .....eevviieiiiiiiiiiii e 5-569
Mills Creek and Isadore’s Lake...........coooeiiiiiiiiiiieeee 5-572
] 1101 7= T I = 1= 5-576
Poplar Creek and Beaver RIVET ...........cooiiiiiiiiiiiiieeeeeee e 5-579
MCLEAN CrEEK ... 5-586
o ] O == 5-587
SUSAN LaKE OULIET ......eviiiiiiiiiiiiiiiiiiiiiii it nnnnaannnnes 5-592

ACID-SENSITIVE LAKES. ... .ottt e e e e e 5-658
General Characteristics of the RAMP ASL Component Lakes in 2012 ....... 5-658
=T 0] o] = VN I (=] T £ 5-659
Critical Loads of Acidity and Critical Load Exceedances..........ccccccvevveeeee.ee. 5-660
Comparison of Critical Loads of Acidity to Modeled Net Potential Acid
] o L | 5-661
Mann-Kendall Trend Analysis on Measurement Endpoints ........................ 5-662
Control Charting of ASL Measurement ENdPOINES ...........ccoovviiiiiiiiieeeeennnnns 5-664
Classification Of RESUILS...........ooiiiiiiiiiiiiiiiiiiiieiiieiee e 5-665

SPECIAL STUDIES ...t 6-1

INVESTIGATION OF WINTER DISCHARGE AT SEASONAL

HYDROMETRIC STATIONS ...ttt e e e e ee e e e e e e e e ann 6-1
BACKGIOUND ... 6-1
Station Selection and MethOdS ...........uuiiiiiiiiiiiiiiiieiiieii e 6-1
ReSUILS aNd DISCUSSION .....uvuuiiiiieeiieieiiiie s e eee et e e e e e ee et e e e e e e ea e e e e e e 6-2

BASELINE RECONNAISSANCE SURVEY ON THE CHRISTINA RIVER........... 6-3
METNOAS ... .. e 6-4
TS U] £ 6-7
Discussion and Recommendations ..........coovvvviiuiiiiieeeeeeeise e 6-12

FISH ASSEMBLAGE PILOT STUDY IN THE ATHABASCA RIVER DELTA......6-12
=1 1 Lo o £SO EPPPPRIRt 6-12
RESUILS ... et e e e e e et e e e e e e e e e e e e eaann 6-15
Discussion and Recommendations ..........ccovveviiiiiiiieeeieeeeiiee e ee e 6-18

SPRING ACID PULSE STUDY ...ttt ettt a e e e e nnnnneneees 6-19
[ a1 (o [0 1] 1T0] o U PP RR 6-19
Background ........ooooiiiii 6-20
1YL oo £ 6-24
RESUIS.....cooieeeeee e, 6-30
Do U 1= [ o 6-44

CONCLUSIONS AND RECOMMENDATIONS......ccieieeeeieene, 7-1

CLIMATE AND HYDROLOGY ..ottt ettt a e e e snnnnanaaaaeas 7-1
Summary of 2012 RESUILS .........uuuiiiiiiiicece e e 7-1
Recommendations...........ccoooe i 7-5

WATER QUALITY eettiiiiiee ettt ettt e e e e et e e e e e e e e st e e e e e e e e e s nnneees 7-8
Summary 0f 2012 RESUILS .......ueiiiiiiiiiiiiiiieiieeittietieetieeeieeeeeeeeeeeeeeneeeeaeeneeennennnes 7-8
ReCOMMENALIONS........cceiiiiii e e 7-9

BENTHIC INVERTEBRATE COMMUNITIES AND SEDIMENT QUALITY .......... 7-9
Benthic Invertebrate COMMUNILIES .......eiiiiiiiiic e 7-9
Sediment QUANTY .....oo ittt e e e enerennernnee 7-14

Regional Aquatics Monitoring Program (RAMP) iv Final 2012 Technical Report



7.4 FISH POPULATIONS . ... 7-14

7:4.1 Summary of 2012 RESUILS .......uviiiiiiieiiiiiie e 7-14
7.4.2 RecommendationsS...........ooee i 7-18
7.5  ACID-SENSITIVE LAKES. ...ttt e e e e e ne e e e e e e nnnes 7-19
7.5.1 Summary 0f 2012 RESUILS .......ovvviiiiiiiiiieiiieeiieeveevveeeveeevveeeeeeereeseeeerereerernreennne 7-19
8.0 REFERENCES....... e 8-1
9.0 GLOSSARY AND LIST OF ACRONYMS......ccooviiiiiiiieeieeeei e, 9-1
9.1 [T S35 A = PR EEER P 9-1
9.2 LIST OF ACRONYMS ...ttt ettt e e e e e e et e e e e e e e s e nnaeeeeeeeeaannnes 9-11

Regional Aquatics Monitoring Program (RAMP) v Final 2012 Technical Report



LIST OF TABLES

Table 1.1-1 Status of bitumen reserves in the Athabasca oil sands region. .............. 1-1
Table 1.4-1 Measurement endpoints and criteria for determination of change

used in the analysis for the RAMP 2012 Technical Report. ................. 1-22
Table 2.3-1 Status and activities of developments owned by 2012 industry

members of RAMP in the RAMP Focus Study Area........ccccceeeeeveeeeeeeennn. 2-2
Table 2.3-2 Approved oil sands projects within the RAMP FSA operated by

NON-RAMP members, as Of 2012, ... 2-4
Table 2.5-1 Area of watersheds with land change in 2012. .........ccccccvvvvvvvvvvevveennee, 2-15
Table 2.5-2 Percent of total watershed areas with land change in 2012.................. 2-16
Table 3.1-1 RAMP climate and hydrometric stations operating in 2012. ................... 3-3
Table 3.1-2 Summary of RAMP data available for the Climate and Hydrology

component, 1997 10 2012, ......ciiiiiiiiiiiicee e 3-13
Table 3.1-3 Summary of sampling for the RAMP 2012 Water Quality

(o0] 1 0] 0T = o | SR 3-22
Table 3.1-4 RAMP standard water quality variables. ............ccccccvvieiiieiiniiiiiinenns 3-25
Table 3.1-5 RAMP PAH variables measured in Water. ...........cccccovveneenmrnnennnnnnnnnnnnns 3-27
Table 3.1-6 Summary of RAMP data available for the Water Quality

(o7 ] 0] oT0] 1= o | PRSPPI 3-29
Table 3.1-7 Summary of sampling locations for the RAMP 2012 Benthic

Invertebrate CommunitieS COMPONENt. .....coeevvvieiiiieiiiiiiiieieeeeeeeeeeeeeeeeee 3-34
Table 3.1-8 Summary of RAMP data available for the Benthic Invertebrate

CommUNItIES COMPONENT. ...eeiiiiiiiiiiiiee et e e 3-39
Table 3.1-9 Summary of sampling for the RAMP Sediment Quality

component, September 2012. ........ooooiiiiiii e 3-43
Table 3.1-10 RAMP standard sediment quality variables. ............cccccccviiiiiiiinninnnnnns 3-44
Table 3.1-11  Summary of RAMP data available for the Sediment Quality

(oT0] g p] 10T =T o | AP PUPTTTR 3-47
Table 3.1-12  Locations of fish inventory areas on the Athabasca and

Clearwater NVErS, 2012, ... ..ot e e e e e ean 3-55
Table 3.1-13  Sex/length combinations of northern pike captured for fish tissue

analyses of metals and organics, Clearwater River 2012..................... 3-57
Regional Aquatics Monitoring Program (RAMP) vi Final 2012 Technical Report



Table 3.1-14

Table 3.1-15

Table 3.1-16

Table 3.1-17

Table 3.1-18

Table 3.1-19

Table 3.1-20

Table 3.1-21

Table 3.1-22

Table 3.1-23

Table 3.1-24

Table 3.1-25

Table 3.1-26

Table 3.2-1

Table 3.2-2

Table 3.2-3

Methods of analyses and detection limits for mercury, metals, and
tainting compounds analyzed in fish tissues from the Clearwater
RIVET, 2002, ..ttt e et e e e e nne e 3-58

Number of walleye and northern pike captured in each size class
for fish tissue analyses of mercury, Gregoire Lake, September
20002, e a e e — e e e e r e e e a e e e e araaraeaans 3-59

Location and general description of each site sampled for
sentinel fish species monitoring, 2012...........ccccccvviiiviieiiiiieeeeeee 3-60

Locations of sampling locations for the fish assemblage survey
of Christina Lake, August 2012...........cceiiiieeiiiieiiiiis e eeeeeeens 3-61

Locations of reaches surveyed for the fish assemblage
monitoring program, September 2012. ..........ccvvvvviiiiiiiiiiie e 3-64

Habitat type and code used for the fish assemblage monitoring
program (adapted from Peck et al. 2006). ..........ccccceevveeiireeiiiiiinieeeeeeennns 3-65

Percent cover rating for instream and overhead cover at each
transect used for the fish assemblage monitoring program

(adapted from Peck et al. 2006). ..........ceiiieiiiieiiiir e 3-65
Substrate size class codes used for the fish assemblage
monitoring program (adapted from Peck et al. 2006). ..........ccccceevrrnneee 3-66
Summary of RAMP data available for the Fish Population
ToT0] 1] 10 1= o | PR SPPR 3-67
Lakes sampled in 2012 for the Acid-Sensitive Lakes component.......... 3-73

Water quality variables analyzed in 2012 in lake water sampled
for the Acid-Sensitive Lakes component. ........cccooeeevvveeviiiiinieeeeeeeeninnnnn, 3-74

Metals analyzed in 2012 in lake water sampled for the Acid-
Sensitive Lakes COMPONENT. .........uuiiiiiiiieiiiiiii e 3-74

Summary of lakes sampled for the Acid-Sensitive Lakes

component, 1999 t0 2012, .....cooiiiiiiiiiiii e 3-75
Potential water quality measurement endpoints. .........cccccceeeeriiiininnnn. 3-80
Regional baseline water quality data groups and station
COMPATISONS. ..o 3-86
Regional baseline values for water quality measurement

endpoints, using data from 1997 to 2012, Group 1 Athabasca
RIVEI. e 3-86

Regional Aquatics Monitoring Program (RAMP) vii

Final 2012 Technical Report



Table 3.2-4

Table 3.2-5

Table 3.2-6

Table 3.2-7

Table 3.2-8

Table 3.2-9

Table 3.2-10

Table 3.2-11

Table 3.2-12

Table 3.2-13

Table 3.2-14

Table 3.2-15

Table 3.2-16

Table 3.2-17

Table 4.2-1

Table 4.3-1

Regional baseline values for water quality measurement
endpoints, using data from 1997 to 2012, Group 2
southern/western tributaries. ...........ccccvi 3-87

Regional baseline values for water quality measurement
endpoints, using data from 1997 to 2012, Group 3 eastern
L] 018 1= T 1= 3-88

Water quality guidelines used to screen data collected by the

RAMP Water Quality Component, 2012. .............uuuvevmimmmmmmmninnienninnnnnnnns 3-90
Classification of results for Benthic Invertebrate Communities

(o0 0 0] 0o = o | S 3-97
Potential sediment quality measurement endpoints............ccccvvvvvnnnnnn. 3-98

Criteria used for evaluating potential risk of fish consumption to
human health for watercourses within the RAMP FSA (GOA

Criteria used for evaluating potential risk of fish consumption to
human health. ... 3-106
Criteria used for evaluating potential risk to fish health based on
concentrations of metals that have lethal, sublethal, or no effects
on freshwater fish. ... 3-107

Classification of fish tissue results for risk to human health................ 3-109

Measurement endpoints for sentinel species monitoring on the
tributaries in the oil sands region (Environment Canada 2010)........... 3-110

Classification of results for the sentinel species monitoring
[T 0T 7> 1 1S 3-112

Tolerance values for fish collected during the 2012 fish
assemblage monitoring program (adapted from Whittier et al.
Range of variation for each fish assemblage measurement

endpoint within baseline reaches...........ccccccviiiiiiiiien 3-115

Classification of results for the fish assemblage monitoring
(01070 - 1 4 RPN 3-116

Long-term climate data available from Environment Canada
stations operated at the Fort McMurray Airport, AB. ........cccccveeveeeiiinins 4-1

Long-term discharge data available from select Water Survey of
Canada stations located in the oil sands region. ............ccccoee oo, 4-9

Regional Aquatics Monitoring Program (RAMP) viii

Final 2012 Technical Report



Table 4.3-2

Table 5.1-1

Table 5.1-2

Table 5.1-3

Table 5.1-4

Table 5.1-5

Table 5.1-6

Table 5.1-7

Table 5.1-8

Table 5.1-9

Table 5.1-10

Table 5.1-11

Table 5.1-12

Table 5.1-13

Summary of 2012 hydrologic variables compared to historical
values measured in the Athabasca oil sands region. ............cccceveeeeeen. 4-12

Summary of Results for the Athabasca River and Athabasca
RIVET DEITA. ... 5-2

Estimated water balance at Station S46, Athabasca River near
Embarras Airport, 2012 WY . ... 5-28

Calculated change in hydrologic measurement endpoints for the
Athabasca River in the 2012 WY, for focal project and
cumulative asseSSMENt CASES™........c.cccoviveieeeeeeeeee e ee e ee s 5-29

Concentrations of water quality measurement endpoints,
Athabasca River mainstem, fall 2012. ............ccoooiiiiiiiiiiiieeeeenn 5-30

Water quality guideline exceedances in the Athabasca River
mainstem, downstream of development (ATR-DD), 2012. ................... 5-35

Water quality index (fall 2012) for Athabasca River mainstem
SEALIONS. .. e 5-42

Average habitat characteristics of benthic invertebrate
community sampling locations of the Athabasca River Delta, fall

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in test reaches BPC-1 and
FLC-1 of the Athabasca River Delta. ..........ccueevviieiiiiiiiiiiiee e 5-43

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in test reaches GIC-1 and
EMR-2 of the Athabasca River Delta. .............cccccceiiiiiiiii 5-44

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
Big Point Channel of the Athabasca River Delta. .............cccccccceeennnen. 5-45

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
Fletcher Channel of the Athabasca River Delta..............ccccccvvuennnnnnnes 5-49

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
Goose Island Channel of the Athabasca River Delta. .......................... 5-49

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
Embarras River of the Athabasca River Delta. ...........cccccccvveviinnnnnnnnnnns 5-50

Regional Aquatics Monitoring Program (RAMP) ix

Final 2012 Technical Report



Table 5.1-14

Concentrations of sediment quality measurement endpoints,
Athabasca River mainstem upstream of Embarras River

(ATREER). ceiiiiiiieiee ettt e e e e e e e e e e e e et eeeeaeeeaane 5-51
Table 5.1-15  Concentrations of sediment quality measurement endpoints, Big

Point Channel (BPC-1). ...ccooiiiiiiiiiiiiieee e 5-52
Table 5.1-16  Concentrations of sediment quality measurement endpoints,

Fletcher Channel (FLC-1). ...c.uuiiiiiieiieeeiei e e e e e e 5-53
Table 5.1-17  Concentrations of sediment quality measurement endpoints,

Goose Island Channel (GIC-1). ......uuuiiiiiiiiiiiiiiiiieee e 5-54
Table 5.1-18  Concentrations of sediment quality measurement endpoints,

Embarras RIVEr (EMR-2). ......uuuuiiiiiii s 5-55
Table 5.1-19  Sediment quality index (fall 2012) for Athabasca River Delta

SEALIONS. e 5-56
Table 5.1-20 Total number and percent composition of species in the

Athabasca River captured during the spring, summer, and fall

fISN INVENTOTIES, 2002, .. ettt e e e e e eaees 5-62
Table 5.1-21  Percent composition of species in the Athabasca River captured

in each area during the spring, summer, and fall fish inventories,

20 2. e —a e e e e e aaaaeaaaaan 5-64
Table 5.1-22  Results of temporal trend analyses in CPUE for KIR fish species

in the Athabasca River by area, 1997 t0 2012...............ccoeeeeeeieeeeeeeen. 5-75
Table 5.1-23  Percent of total fish captured in the Athabasca River with

external pathology (growth/lesion, deformity, parasites), 1987 to

72 0 PRSP PPRRPR 5-86
Table 5.1-24  Results of RAMP fish tag returns by anglers and during the

Athabasca River and Clearwater River fish inventories, 2012.............. 5-87
Table 5.1-25  Results of RAMP fish tag returns by anglers, Athabasca and

Clearwater rivers (1999 t0 2012). .....coooveeiiei i 5-87
Table 5.2-1 Summary of results for the Muskeg River watershed. .............cccccoene 5-90
Table 5.2-2 Estimated water balance at WSC Station 07DA008 (RAMP

Station S7), Muskeg River near Fort McKay, 2012 WY..................... 5-114
Table 5.2-3 Calculated changes in hydrologic measurement endpoints for

the Muskeg River watershed, 2012 WY. ... 5-114
Table 5.2-4 Concentrations of selected water quality measurement

endpoints, mouth of Muskeg River (test station MUR-1), fall

20 L2, et e e e e e e —aaaaaaaaaas 5-116
Regional Aquatics Monitoring Program (RAMP) X Final 2012 Technical Report



Table 5.2-5

Table 5.2-6

Table 5.2-7

Table 5.2-8

Table 5.2-9

Table 5.2-10

Table 5.2-11

Table 5.2-12

Table 5.2-13

Table 5.2-14

Table 5.2-15

Table 5.2-16

Table 5.2-17

Table 5.2-18

Table 5.2-19

Concentrations of selected water quality measurement
endpoints, Muskeg River upstream of Wapasu Creek (test
station MUR-6), fall 2012. ..., 5-117

Concentrations of selected water quality measurement
endpoints, Muskeg Creek (test station MUC-1), fall 2012. ................. 5-118

Concentrations of selected water quality measurement
endpoints, Jackpine Creek (test station JAC-1), fall 2012. ................. 5-119

Concentrations of selected water quality measurement
endpoints, upper Jackpine Creek (baseline station JAC-2), fall

Concentrations of selected water quality measurement
endpoints, Stanley Creek (test station STC-1), fall 2012. ................... 5-121

Concentrations of selected water quality measurement
endpoints, Wapasu Creek (test station WAC-1), fall 2012.................. 5-122

Concentrations of selected water quality measurement
endpoints, lyinimin Creek (baseline station 1YC-1), fall 2012. ............ 5-123

Concentrations of selected water quality measurement
endpoints, Kearl Lake (test station KEL-1), fall 2012......................... 5-124

Water quality guideline exceedances, Muskeg River watershed,
FAIN 2002, 1o 5-127

Water quality index (fall 2012) for Muskeg River watershed
LS =1 ([0 TR 5-134

Average habitat characteristics of benthic invertebrate sampling
locations of the Muskeg River, fall 2012. ...........cccccoviiiiiiivieeecee e, 5-134

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in the lower Muskeg River
(testreach MUR-EL)....coovviiiii it 5-136

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in the middle Muskeg River
(teSt reaCh MUR-D2).......ooiiiiiiiiiiiiiiieee e 5-137

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in the upper Muskeg River
(test reaCh MUR-D3)......uuiiiiiiiiiiiiiieee et 5-138

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
the Muskeg River, test reach MUR-EL. ............covvvviviiiiiiiiiiiiiniiiinninnnes 5-139

Regional Aquatics Monitoring Program (RAMP) xi

Final 2012 Technical Report



Table 5.2-20

Table 5.2-21

Table 5.2-22

Table 5.2-23

Table 5.2-24

Table 5.2-25

Table 5.2-26

Table 5.2-27

Table 5.2-28

Table 5.2-29

Table 5.2-30

Table 5.2-31

Table 5.2-32

Table 5.2-33

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
the Muskeg River, test reach MUR-D2. .............ouviiiiiiiiiiiiiiiiiiiiiiiiennnes 5-141

Results of analysis of variance (ANOVA) testing differences in
benthic invertebrate community measurement endpoints in the
Muskeg River, test reach MUR-D3. ........ccoiiiiiiiiiiiii e, 5-143

Average habitat characteristics of benthic invertebrate sampling
locations in Jackpine Creek, fall 2012. ........cccooovviiiiiiiiiiiiii e, 5-147

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in Jackpine Creek (test
FEACKH JAC-DL). .o 5-148

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in Jackpine Creek (baseline
FEACH JAC-D2). ..o 5-149

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints
between test reach JAC-D1 and baseline reach JAC-D2 of

o Tod (o1 L= O =T 5-150
Average habitat characteristics of benthic invertebrate
community sampling locations in Kearl Lake, fall 2012. ..................... 5-153

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in Kearl Lake (test station

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
KEAN LAKE. ... e 5-155

Concentrations of selected sediment quality measurement
endpoints in the Muskeg River (test station MUR-D2), fall 2012. ....... 5-158

Concentrations of selected sediment quality measurement
endpoints in the Muskeg River (test station MUR-D3), fall 2012. ....... 5-159

Concentrations of selected sediment quality measurement
endpoints in Jackpine Creek (test station JAC-D1), fall 2012............. 5-160

Concentrations of selected sediment quality measurement
endpoints in Jackpine Creek (baseline station JAC-D2),
AL 2002, oo 5-161

Concentrations of selected sediment quality measurement
endpoints in Kearl Lake (test station KEL-1), fall 2012........................ 5-162

Regional Aquatics Monitoring Program (RAMP) xii

Final 2012 Technical Report



Table 5.2-34

Sediment quality index (fall 2012) for Muskeg River watershed

STALIONS. oo 5-168
Table 5.2-35  Average habitat characteristics of fish assemblage monitoring

locations of the Muskeg River, fall 2012.............ccoooeeiiiiiiii e, 5-168
Table 5.2-36  Percent composition and mean CPUE (catch per unit effort) of

fish species in reaches of the Muskeg River and Jackpine

Creek, 2009 t0 2012, .....veiiieeeeieiiiiiieee e 5-169
Table 5.2-37 Summary of fish assemblage measurement endpoints in

reaches of the Muskeg River and Jackpine Creek, 2009 to 2012. .....5-171
Table 5.2-38  Average habitat characteristics of fish assemblage monitoring

locations of Jackpine Creek, fall 2012, ..........ccooeeeiiiiiii, 5-175
Table 5.3-1 Summary of results for the Steepbank River watershed.................... 5-178
Table 5.3-2 Estimated water balance at WSC Station 07DA006 (RAMP

Station S38), Steepbank River near Fort McMurray, 2012 WY. ......... 5-194
Table 5.3-3 Calculated change in hydrologic measurement endpoints for the

Steepbank River watershed, 2012 WY . ..., 5-194
Table 5.3-4 Concentrations of water quality measurement endpoints in the

Steepbank River (test station STR-1), fall 2012. .............ccoeeeeieeeienn. 5-195
Table 5.3-5 Concentrations of water quality measurement endpoints in the

Steepbank River (test station STR-2), fall 2012. ..........ccccccvieiiierennnns 5-196
Table 5.3-6 Concentrations of water quality measurement endpoints in the

Steepbank River (baseline station STR-3), fall 2012.......................... 5-197
Table 5.3-7 Concentrations of water quality measurement endpoints in the

North Steepbank River (test station NSR-1), fall 2012. ...................... 5-198
Table 5.3-8 Water quality guideline exceedances, Steepbank River

WALEISNEA, 2012, . .ceeiiiieie e e e aaas 5-200
Table 5.3-9 Water quality index (fall 2012) for Steepbank River watershed

SEALIONS. it 5-203
Table 5.3-10  Average habitat characteristics of benthic invertebrate sampling

locations in the Steepbank River, fall 2012.............cccoeeiieiiien, 5-203
Table 5.3-11  Summary of major taxon abundances and benthic invertebrate

community measurement endpoints in the lower Steepbank

River (test reach STR-EL). ...oooiciiiiiiiiieeeeiie e 5-205
Table 5.3-12  Summary of major taxon abundances and benthic invertebrate

community measurement endpoints in the upper Steepbank

River (baseline reach STR-E2). ........cccoiiiiiiiiiiiiiiiieeiiieeeee e 5-206
Regional Aquatics Monitoring Program (RAMP) xiii Final 2012 Technical Report



Table 5.3-13

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in

the Steepbank RIVET. ... 5-207
Table 5.3-14  Average habitat characteristics of fish assemblage monitoring

locations in the Steepbank River, fall 2012.........ccccoevveeiiiiiiiiniiieien, 5-210
Table 5.3-15  Percent composition and mean CPUE (catch per unit effort) of

fish species at test reach STR-F1 and baseline reach STR-F2 of

Steepbank River, 2009 10 2012, .....ccooooiiiei i, 5-211
Table 5.3-16  Summary of fish assemblage measurement endpoints in

reaches of the Steepbank River watershed, 2009 to 2012................. 5-212
Table 5.3-17  In situ water quality variables collected during the 2012 Sentinel

Species program, September 2012. ..........cccvvviiiieieiiiiiiee e 5-215
Table 5.3-18  Summary of morphometric data (mean + 1SD) for slimy sculpin

in tributaries to the Athabasca River, 2012.........coovoviiiiiiiieiiieieieeens 5-215
Table 5.3-19  Summary of ANOVA results for each measurement endpoint of

slimy sculpin from test site SR-E compared to baseline sites HR-

R, HH-R, and HR-R, September 2012............cccovvviviiiiiieeeeeeeeiceee e 5-218
Table 5.3-20  Post-hoc power analyses for pairwise comparisons of test site

SR-E to each baseline site, that were not statistically significant,

September 2012. ... 5-219
Table 5.3-21  Summary of effects criterion for each measurement endpoint

from test site SR-E compared to each baseline site (SR-R HR-R,

HH-R, and HR-R) and all baseline sites combined, September

20 2. e e e e e e e e e e e e e aaaaas 5-220
Table 5.3-22  Summary of effects criterion for measurements endpoints for

male and female slimy sculpin from test site SR-E compared to

baseline sites, 1999, 2001, and 2012. .......ccvveiieiiieiiieeeieeieeee s 5-221
Table 5.4-1 Summary of results for the Tar River watershed................................ 5-230
Table 5.4-2 Estimated water balance at RAMP Station S15A, Tar River near

the MOULh, 2012 WY . e e eaas 5-241
Table 5.4-3 Calculated change in hydrologic measurement endpoints for the

Tar River watershed, 2012 WY ...t e e 5-241
Table 5.4-4 Concentrations of water quality measurement endpoints, mouth

of the Tar River (test station TAR-1), fall 2012. ..........ccccevviiiiiieennnnns 5-242
Table 5.4-5 Concentrations of water quality measurement endpoints, upper

Tar River (baseline station TAR-2), fall 2012..........ccccccvviiiiiiiiienneeenn. 5-243
Table 5.4-6 Water quality guideline exceedances, Tar River, fall 2012. ................ 5-247
Regional Aquatics Monitoring Program (RAMP) Xiv Final 2012 Technical Report



Table 5.4-7

Table 5.4-8

Table 5.4-9

Table 5.4-10

Table 5.4-11

Table 5.4-12

Table 5.4-13

Table 5.4-14

Table 5.5-1

Table 5.5-2

Table 5.5-3

Table 5.5-4

Table 5.5-5

Table 5.5-6

Table 5.5-7

Table 5.5-8

Average habitat characteristics of benthic invertebrate
community sampling locations in the Tar River, fall 2012................... 5-248

Summary of major taxa abundances and benthic invertebrate
community measurement endpoints in the lower Tar River (test
rEACH TAR-DL). .o 5-250

Summary of major taxa abundances and benthic invertebrate
community measurement endpoints in the upper Tar River
(baseline reaches TAR-E1 and TAR-E2)...........coeoeeiiiii, 5-251

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints at
test reaCh TAR-DL. .....oooiiiiiiiiiie e 5-252

Concentrations of selected sediment measurement endpoints,
Tar River (test station TAR-D1), fall 2012...........cccceeveeiiiiiiiiiiieeeeeeen 5-256

Average habitat characteristics of fish assemblage monitoring
locations at test reach TAR-F1 and baseline reach TAR-F2 of
the Tar RIVEr, fall 2012, ...coueieeee e 5-258

Percent composition and mean CPUE (catch per unit effort) of
fish species at test reach TAR-F1 and baseline reach TAR-F2 of

the Tar River, 2009 10 2012, .....coovuiiiiieiee et e e eans 5-259
Summary of fish assemblage measurement endpoints (£1SD) in

reaches of the Tar River, 2009 t0 2012. ........cccccceeeeiiiiiiiiiiiiiiee e 5-260
Summary of results for the MacKay River watershed. ........................ 5-264

Estimated water balance at WSC Station 07DB001 (RAMP
Station S26), MacKay River near Fort McKay, 2012 WY. .................. 5-276

Calculated change in hydrologic measurement endpoints for the
MacKay River watershed, 2012 WY . ..o, 5-276

Concentrations of water quality measurement endpoints, mouth
of MacKay River (test station MAR-1), fall 2012.....................eeeeee. 5-277

Concentrations of water quality measurement endpoints, middle
MacKay River (test station MAR-2A), fall 2012. ..........cccccccvvvvrivnnnnnne 5-278

Concentrations of water quality measurement endpoints, upper
MacKay River (baseline station MAR-2), fall 2012. ............cccccvvvvvnnnnee 5-279

Water quality guideline exceedances, MacKay River watershed,
2002, et ae e na e anae e e 5-281

Average habitat characteristics of benthic invertebrate sampling
locations in the MacKay River, fall 2012..............cccccooeeiiieee e, 5-284

Regional Aquatics Monitoring Program (RAMP) XV

Final 2012 Technical Report



Table 5.5-9

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in the MacKay River (test

== Lol T ) 5-286
Table 5.5-10 Summary of major taxon abundances and benthic invertebrate

community measurement endpoints in the MacKay River (test

reach MAR-E2 and baseline reach MAR-E3). .....ccccoiiiiiiiiiiiiiii, 5-287
Table 5.5-11  Results of analysis of variance (ANOVA) testing for differences

in benthic invertebrate community measurement endpoints for

test reach MAR-EL1 of the MacKay RIVEr. ..........cocciiiiiiiiiieiiiiie, 5-288
Table 5.5-12  Results of analysis of variance (ANOVA) testing for differences

in benthic invertebrate community measurement endpoints for

test reach MAR-E2 of the MacKay RIVer. ...........occiiiiiiiiieiiiiiii, 5-289
Table 5.5-13  Average habitat characteristics of fish assemblage monitoring

locations in the MacKay River, fall 2012..........ccccccooviiiiiiiiiiiiiieeeeee, 5-292
Table 5.5-14  Percent composition and mean CPUE (catch per unit effort) of

fish species at test reaches MAR-F1 and MAR-F2 and baseline

reach MAR-F3 of the MacKay River, 2009 to 2012. ........................... 5-293
Table 5.5-15  Summary of fish assemblage measurement endpoints (x 1SD) in

reaches of the MacKay River, 2009 t0 2012............cccceeeeeeeeeeeeeeeeeee. 5-294
Table 5.6-1 Summary of results for the Calumet River watershed........................ 5-298
Table 5.6-2 Estimated water balance at Station S16A, Calumet River near

the MOULh, 2012 WY . e eaas 5-310
Table 5.6-3 Calculated change in hydrologic measurement endpoints in the

Calumet River watershed, 2012 WY . ..o 5-310
Table 5.6-4 Concentrations of water quality measurement endpoints, mouth

of Calumet River (test station CAR-1), fall 2012...........cccccceeeeiieeennenns 5-311
Table 5.6-5 Concentrations of water quality measurement endpoints, upper

Calumet River (baseline station CAR-2), fall 2012. ................cceeeenn. 5-312
Table 5.6-6 Water quality guideline exceedances, Calumet River watershed,

AUl 2012, oo e e e 5-314
Table 5.6-7 Average habitat characteristics of benthic invertebrate sampling

locations in the Calumet River, fall 2012. .......ccovvveiiiiiiiieeeeeeeee e, 5-317
Table 5.6-8 Summary of major taxon abundances and benthic invertebrate

community measurement endpoints at test reach CAR-D1 and

baseline reach CAR-D2. ..ottt 5-318
Regional Aquatics Monitoring Program (RAMP) XVi Final 2012 Technical Report



Table 5.6-9

Table 5.6-10

Table 5.6-11

Table 5.6-12

Table 5.6-13

Table 5.6-14

Table 5.7-1

Table 5.7-2

Table 5.7-3

Table 5.7-4

Table 5.7-5

Table 5.7-6

Table 5.7-7

Table 5.7-8

Table 5.7-9

Table 5.7-10

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints for
test reach CAR-D1 of the Calumet RiVer. ..............ouviiiiiiiiiiiiiiiiiiiinnnns 5-319

Concentrations of selected sediment quality measurement
endpoints, Calumet River (test station CAR-D1), fall 2012................. 5-322

Concentrations of selected sediment quality measurement
endpoints, Calumet River (baseline station CAR-D2), fall 2012. ........ 5-323

Average habitat characteristics of fish assemblage monitoring
locations at test reach CAR-F1 and baseline reach CAR-F2 of
the Calumet RIVer, fall 2012, ......oveeiieiiee e 5-326

Percent composition and mean CPUE (catch per unit effort) of
fish species at test reach CAR-F1 and baseline reach CAR-F2 of

the Calumet RIVED, 2012. .....cooeeiiieie e 5-327
Summary of fish assemblage measurement endpoints (£1SD) in

reaches of the Calumet River, 2012. ........oeviiiiiiiieeieeeeeeeeeee e 5-328
Summary of results for the Firebag River watershed. ......................... 5-330

Estimated water balance at WSC Station 07DC001 (RAMP
Station S27), Firebag River near the mouth, 2012 WY. ..................... 5-342

Calculated change in hydrologic measurement endpoints for the
Firebag River near the mouth, 2012 WY. .......ccooiiiiiiiii e, 5-343

Concentrations of water quality measurement endpoints, mouth
of the Firebag River (test station FIR-1), fall 2012............cccccceeeerinnns 5-345

Concentrations of water quality measurement endpoints, Firebag
River above the Suncor Firebag project (baseline station FIR-2),

Al 2012, .o 5-346
Concentrations of water quality measurement endpoints,
McClelland Lake (test station MCL-1), fall 2012. ...........ccooeeevvvvvennnnnnn. 5-347
Concentrations of water quality measurement endpoints,
Johnson Lake (baseline station JOL-1), fall 2012.............cccccvvvvieenennn. 5-348

Water quality guideline exceedances, Firebag River watershed,
2002, e 5-350

Average habitat characteristics of benthic invertebrate sampling
locations in McClelland Lake and Johnson Lake, fall 2012. ............... 5-355

Summary of major taxon abundances of benthic invertebrate
community measurement endpoints in McClelland Lake and
JONNSON LaKE. ..iiiiiiiiiiiiiieieeeeeeeeeeeeeeeeee e 5-356

Regional Aquatics Monitoring Program (RAMP) xvii

Final 2012 Technical Report



Table 5.7-11

Table 5.7-12

Table 5.7-13

Table 5.8-1

Table 5.8-2

Table 5.8-3

Table 5.8-4

Table 5.8-5

Table 5.8-6

Table 5.8-7

Table 5.8-8

Table 5.8-9

Table 5.8-10

Table 5.8-11

Table 5.8-12

Table 5.8-13

Table 5.8-14

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in

YT @4 1= =T g o =T 5-357
Concentrations of sediment quality measurement endpoints,
McClelland Lake (test station MCL-1), fall 2012. ...........cccccceeeeernnnnnne. 5-362
Concentrations of sediment quality measurement endpoints,
Johnson Lake (baseline station JOL-1), fall 2012............ccccceeevvrveenne. 5-364
Summary of results for the Ells River watershed. ............................... 5-366

Estimated water balance at Ells River above Joslyn Creek

(RAMP Station S14A), 2012 WY . ..eeeiiiieeeiiiiiiieiee e eeiiieeee e 5-379
Calculated change in hydrologic measurement endpoints for the
Ells River watershed, 2012 WY . ... 5-379
Concentrations of water quality measurement endpoints, mouth
of Ells River (test station ELR-1), fall 2012. .........ccccooeevvvviiiiiiiieeeeeeens 5-380
Concentrations of water quality measurement endpoints, upper
Ells River (test station ELR-2), fall 2012. ...........ccccccoiiiiiiiiiiiiiiees 5-381
Concentrations of water quality measurement endpoints, upper
Ells River (baseline station ELR-2A), fall 2012..............ccceooeeiiiiniennn. 5-382
Water quality guideline exceedances, Ells River, 2012. ..................... 5-384

Average habitat characteristics of benthic invertebrate sampling
locations in the Ells River, fall 2012. ..........ccccvvviiiiiieiiiiiieeeeee e 5-387

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints at test reach ELR-D1. ............... 5-389

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints at test reach ELR-E2 and
baseline reach ELR-E2A. ... .. 5-390

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints at
test reaCh ELR-D1. ........ouuviiiiiiiiiiiiiiiiiiiiiiiiieeienneinnnennnnnnnnnnnsnnnennnnnnnnnnns 5-391

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints at
teSt reaCh ELR-E2. .......ovviiiiiiiiiiiiiiiiiiiiiiiiiiiinieiniiaeeinneeenennsnn e 5-392

Concentrations of selected sediment quality measurement
endpoints, Ells River (test station ELR-D1), fall 2012.......................... 5-396

Average habitat characteristics of fish assemblage monitoring
locations of the Ells River, fall 2012. ......cooouviiiiiiiiieiieeeeeeeeeeee e, 5-398

Regional Aquatics Monitoring Program (RAMP) xviii

Final 2012 Technical Report



Table 5.8-15

Percent composition and mean CPUE (catch per unit effort) of
fish species at test reach ELR-F1 and baseline reach ELR-F2A

of the Ells River, 2010 t0 2012 .....ccuiieeeee et e e een 5-399
Table 5.8-16  Summary of fish assemblage measurement endpoints (£1SD) in

reaches of the Ells River, 2010 t0 2012.......cooeueiiiriiiiieiieeeieeeeeeeeaan, 5-400
Table 5.9-1 Summary of results for the Clearwater River watershed..................... 5-404
Table 5.9-2 Concentrations of water quality measurement endpoints, mouth

of Clearwater River (test station CLR-1), fall 2012. ............................ 5-421
Table 5.9-3 Concentrations of water quality measurement endpoints, upper

Clearwater River (baseline station CLR-2), fall 2012.......................... 5-422
Table 5.9-4 Concentrations of water quality measurement endpoints, High

Hills River (baseline station HHR-1), fall 2012.............ccccoiveeieeininnnns 5-423
Table 5.9-5 Water quality guideline exceedances, Clearwater River

WALEISNEA, 2002, oviiieiie ettt et et e e e et e e e eaeeas 5-425
Table 5.9-6 Average habitat characteristics of the benthic invertebrate

community sampling location in the High Hills rivers, fall 2012. ......... 5-428
Table 5.9-7 Summary of major taxon abundances of benthic invertebrate

community measurement endpoints at baseline reach HHR-E1. ....... 5-430
Table 5.9-8 Fish species composition at baseline (CR1, CR2) and test (CR3)

reaches of the Clearwater River during spring, summer, and fall

2002, e 5-433
Table 5.9-9 Percent of total fish captured by species with external pathology

(i.e., growth/lesion, deformity, and parasite), 2003 to 2012................. 5-445
Table 5.9-10  Mercury concentration and whole-organisms metrics of northern

pike collected from the Clearwater River in 2012 and screened

against criteria for fish consumption for the protection of human

NEAITN. .. 5-447
Table 5.9-11  Screening of metals and tainting compounds in northern pike

composite samples collected in 2012 from the Clearwater River

against fish consumption criteria for the protection of human

NEAITN. ... 5-450
Table 5.9-12  Screening of metals and tainting compounds in northern pike

composite samples collected in 2012 from the Clearwater River

against thresholds for the protection of fish health. ........................... 5-452
Table 5.9-13  Average habitat characteristics of fish assemblage monitoring

locations of High Hills River, fall 2012. ...............ccooei i 5-455
Regional Aquatics Monitoring Program (RAMP) Xix Final 2012 Technical Report



Table 5.9-14

Table 5.9-15

Table 5.10-1

Table 5.10-2

Table 5.10-3

Table 5.10-4

Table 5.10-5

Table 5.10-6

Table 5.10-7

Table 5.10-8

Table 5.10-9

Table 5.10-10

Table 5.10-11

Table 5.10-12

Table 5.10-13

Table 5.10-14

Percent composition and mean CPUE (catch per unit effort) of
all fish species at baseline reach HHR-F1 in the High Hills River,

2010 0 2002, .oeiiieee ettt a e e e aa e e e e e e 5-456
Summary of fish assemblage measurement endpoints for

baseline reach HHR-FL1 in the High Hills River, 2011 to 2012............ 5-456
Summary of results for the Christina River watershed........................ 5-458

Estimated water balance at the mouth of the Christina River,

2012 WY . ettt a e 5-483
Calculated change in hydrologic measurement endpoints for the
mouth of the Christina River, 2012 WY . ..o 5-484
Concentrations of water quality measurement endpoints, mouth
of Christina River (test station CHR-1), fall 2012.............cccccvveeeeennns 5-487
Concentrations of water quality measurement endpoints, upper
Christina River (test station CHR-2), fall 2012.............cccoevviiiiiiieeennns 5-488
Concentrations of water quality measurement endpoints,
Sawbones Creek (test station SAC-1), fall 2012. ...........ccccvvevveeeennnns 5-489
Concentrations of water quality measurement endpoints, Sunday
Creek (test station SUC-1), fall 2012. ........ccoooeiiiiiiiiiiii e, 5-490
Concentrations of water quality measurement endpoints,
Jackfish River (test station JAR-1), fall 2012. ...........cceviieiiiieerrennnn, 5-491
Concentrations of water quality measurement endpoints,
Christina Lake (test station CHL-1), fall 2012. ...........cccooociiiiiieeeeennnnns 5-492
Water quality guideline exceedances, Christina River watershed,
20 2. e e e e e e e r e e e e e e e 5-494
Water quality index (fall 2012) for stations in the Christina River
1122 1= £ 1 =T 5-499
Average habitat characteristics of benthic invertebrate
community sampling locations in the Christina River, fall 2012.......... 5-499

Summary of major taxon abundances of benthic invertebrate
community measurement endpoints at test reaches CHR-D1
AN CHRD2. ..o 5-500

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints at
test reach CHR-DL. ..o 5-501

Regional Aquatics Monitoring Program (RAMP) XX

Final 2012 Technical Report



Table 5.10-15

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints at

test reach CHR-D2. ... 5-502
Table 5.10-16 Average habitat characteristics of benthic invertebrate

community sampling locations in tributaries to Christina Lake,

Al 2012, .o e e 5-505
Table 5.10-17 Summary of major taxon abundances of benthic invertebrate

community measurement endpoints at test reaches SAC-D1,

SUC-D1, and JAR-E1 of the Christina River watershed. .................... 5-507
Table 5.10-18 Average habitat characteristics of benthic invertebrate sampling

locations in Christina Lake, CHL-1, fall 2012.............ccccoviiiiieieeinnnns 5-512
Table 5.10-19 Summary of major taxon abundances and benthic invertebrate

community measurement endpoints, Christina Lake.......................... 5-513
Table 5.10-20 Concentrations of selected sediment measurement endpoints,

Christina River (test station CHR-D1), fall 2012. ..........ccccovvveeeeeriinns 5-515
Table 5.10-21 Concentrations of selected sediment measurement endpoints,

Christina River (test station CHR-D2), fall 2012. ..........cccccceeeiiviennnenns 5-516
Table 5.10-22 Concentrations of selected sediment measurement endpoints,

Sawbones Creek (test station SAC-D1), fall 2012...........ccccceeveeeennnnns 5-517
Table 5.10-23 Concentrations of selected sediment measurement endpoints,

Sunday Creek (test station SUC-D1), fall 2012. ................coeeeeeeeee. 5-518
Table 5.10-24 Concentrations of selected sediment measurement endpoints,

Christina Lake (test station CHL-1), fall 2012. ................coeeeeeeieeeeee. 5-519
Table 5.10-25 Sediment quality index (fall 2012) for stations in the Christina

RIVEr WaLErSNEA. ......vviiiiiiiii i 5-525
Table 5.10-26 Average habitat characteristics of fish assemblage monitoring

locations in the Christina River, fall 2012.........covviiiiiieiiieeeees 5-526
Table 5.10-27 Percent composition and mean CPUE of all fish species at test

reaches of the Christina River watershed, 2012.....................eeeeee. 5-527
Table 5.10-28 Summary of fish assemblage measurement endpoints for test

reaches of the Christina River watershed, 2012.............cccccveveeeeinnns 5-528
Table 5.10-29 Average habitat characteristics of fish assemblage monitoring

locations in tributaries of Christina Lake, fall 2012. ..........ccovvvevvvivinnnns 5-530
Table 5.10-30 Average habitat characteristics at fishing locations on Christina

Lake, SUMMET 2012, ....cooiiiiiiiiiiiiieieeee et 5-532
Table 5.10-31 Number of fish captured by fishing method, summer 2012................. 5-535
Regional Aquatics Monitoring Program (RAMP) xxi Final 2012 Technical Report



Table 5.10-32

Table 5.11-1

Table 5.11-2

Table 5.11-3

Table 5.12-1

Table 5.12-2

Table 5.12-3

Table 5.12-4

Table 5.12-5

Table 5.12-6

Table 5.12-7

Table 5.13-1

Table 5.13-2

Table 5.13-3

Table 5.13-4

Table 5.13-5

Table 5.13-6

Metrics and mercury concentrations in northern pike and walleye
collected from Gregoire Lake, fall 2012, and screening of
concentrations against criteria for fish consumption for the

protection of human health. ..........ccccooiiiiiiii . 5-536
Summary of results for the Hangingstone River watershed................. 5-544
Estimated water balance at WSC Station 07CDO004,

Hangingstone River at Fort McMurray, 2012 WY. ....ccccooeevevvvviviiinnnnnn. 5-549
Estimated change in hydrologic measurement endpoints for the

Hangingstone River watershed, 2012 WY ......cccccciiniiiiiiiiieieeeeeeies 5-549
Summary of results for watersheds in the Pierre River area............... 5-550

Concentrations of water quality measurement endpoints, Big

Creek (baseline station BIC-1), fall 2012. .........cccoeeeiiiiiiiiiiiiieeeeeeis 5-556
Concentrations of water quality measurement endpoints, Pierre
River (baseline station PIR-1), fall 2012. ..........cccovviiiiiiiieiiieie, 5-557
Concentrations of water quality measurement endpoints, Red
Clay Creek (baseline station RCC-1), fall 2012. ...........cccccvvvveeeeennnns 5-558
Concentrations of water quality measurement endpoints,
Eymundson Creek (baseline station EYC-1), fall 2012....................... 5-559
Water quality guideline exceedances at baseline stations BIC-1,
PIR-1, RCC-1, and EYC-1, 2012. ....ccceeiiiiiiiiiiiieee e eeiiieeee e e 5-561
Water quality index (fall 2012) for the watersheds in the Pierre
LY== - U 5-564
Summary of results for the miscellaneous aquatic systems. .............. 5-566

Estimated water balance at Station S6, Mills Creek at Highway

B3, 2012 WY . oot 5-594
Calculated change in hydrologic measurement endpoints for the
Mills Creek watershed, 2012 WY ...t e e 5-594
Concentrations of water quality measurement endpoints,
Isadore’s Lake (test station ISL-1), fall 2012. .........cccevvvveeiiiiiiiiiiienn. 5-596

Concentrations of water quality measurement endpoints, Mills
Creek (test station MIC-1), fall 2012. .......ccccooviiiiiiiiiii e, 5-597

Water quality guideline exceedances in baseline station BER-1,
test station BER-2, test station POC-1, test station MCC-1, test
station ISL-1, test station SHL-1, test station MIC-1, and test
station FOC-1, fall 2012, .......iiiiiiiiiie e 5-599

Regional Aquatics Monitoring Program (RAMP) xxii

Final 2012 Technical Report



Table 5.13-7

Table 5.13-8

Table 5.13-9

Table 5.13-10

Table 5.13-11

Table 5.13-12

Table 5.13-13

Table 5.13-14

Table 5.13-15

Table 5.13-16

Table 5.13-17

Table 5.13-18

Table 5.13-19

Table 5.13-20

Table 5.13-21

Table 5.13-22

Water quality index (fall 2012) for miscellaneous watershed
SEALIONS. .. aaaaeeraaa 5-604

Average habitat characteristics of benthic invertebrate sampling
locations in Isadore’s Lake, fall 2012. ...........cccceeviiiiiiiiniiiiceiieeee 5-604

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in Isadore’s Lake....................... 5-605

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in

Isadore’s Lake (ISL-1). ..cooooeiiiiiiiiieeeeeei e 5-606
Concentrations of sediment quality measurement endpoints,
Isadore’s Lake (test station ISL-1), fall 2012. ...........cccvvvvvvvivivviivnnnnnnn. 5-609
Concentrations of water quality measurement endpoints,
Shipyard Lake (test station SHL-1), fall 2012. ............ccccoiiiieeieeriinns 5-611

Average habitat characteristics of benthic invertebrate sampling
locations in Shipyard Lake, fall 2012. ... 5-612

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints, Shipyard Lake......................... 5-613

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
Shipyard Lake (SHL-1). .....uiiiiiieiiiiiiiis e e e e e 5-614

Concentrations of sediment quality measurement endpoints,
Shipyard Lake (test station SHL-1), fall 2012. .................coeeeeeeieeennn. 5-617

Estimated water balance at WSC Station 07DA007 (RAMP
Station S11), Poplar Creek at Highway 63, 2012 WY. ....cccccceeveeereenns 5-620

Calculated change in hydrologic measurement endpoints for the
Poplar Creek watershed, 2012 WY. .......uuuiiiiiiimmiiiiiieniinniinneennnennnnnnns 5-621

Concentrations of water quality measurement endpoints, Poplar
Creek (test station POC-1), fall 2012.............cooeeeiiiiiii 5-622

Concentrations of water quality measurement endpoints, lower
Beaver River (test station BER-1), fall 2012. ...........cccccvvveeeiiiiiiinnnee. 5-623

Concentrations of water quality measurement endpoints, upper
Beaver River (baseline station BER-2), fall 2012. ..........ccccccccoviinnnnnn. 5-624

Average habitat characteristics of benthic invertebrate sampling
locations in the Beaver River and Poplar Creek, fall 2012.................. 5-628

Regional Aquatics Monitoring Program (RAMP)

xxiii Final 2012 Technical Report



Table 5.13-23

Table 5.13-24

Table 5.13-25

Table 5.13-26

Table 5.13-27

Table 5.13-28

Table 5.13-29

Table 5.13-30

Table 5.13-31

Table 5.13-32

Table 5.13-33

Table 5.13-34

Table 5.13-35

Table 5.13-36

Table 5.13-37

Table 5.13-38

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in Upper Beaver River and
LOWET POPIAr CIEEK. ... e 5-629

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
test reach POC-D1 and baseline reach BER-D2. ...............ovvvviiiiinnnes 5-630

Concentrations of sediment quality measurement endpoints,
lower Poplar Creek (test station POC-D1), fall 2012. .............ccceenen. 5-633

Concentrations of sediment quality measurement endpoints,
upper Beaver River (baseline station BER-D2), fall 2012................... 5-635

Sediment quality index (fall 2012) for miscellaneous watershed
LS =1 ([0 TSP TR 5-637

Average habitat characteristics of fish assemblage monitoring
locations of Poplar Creek and Beaver River, fall 2012. ...................... 5-637

Percent composition and mean CPUE of fish species at test
reach POC-F1 of Poplar Creek and baseline reach BER-F2 of
the Beaver River, 2009 10 2012, .....oveuiieiieeeeeeeeee et e e 5-638

Summary of fish assemblage measurement endpoints in
reaches of the Beaver River and Poplar Creek, 2009 and 2012. ....... 5-639

Concentrations of water quality measurement endpoints,
McLean Creek (test station MCC-1), fall 2012...........ccccvvvvvvvivvvinnnnnnns 5-642

Estimated water balance at Station S12, Fort Creek at Highway
B3, 2012 WY . ..ottt ne e 5-645

Concentrations of water quality measurement endpoints, Fort
Creek (test station FOC-1), fall 2012. ... 5-646

Average habitat characteristics of benthic invertebrate sampling
locations in Fort Creek, fall 2012, .....coouvieniieiie e 5-647

Summary of major taxon abundances and benthic invertebrate
community measurement endpoints in Fort Creek (test reach
@ T @ 1 I TR SRSOPPRR 5-648

Results of analysis of variance (ANOVA) testing for differences
in benthic invertebrate community measurement endpoints in
lower Fort Creek (test reach FOC-D1)....ccccoeeeiviiiiiiiiiiiieeeeeevee e 5-649

Concentrations of sediment quality measurement endpoints, Fort
Creek (test station FOC-D1), fall 2012. ..o 5-652

Average habitat characteristics of fish assemblage monitoring
locations in Fort Creek, fall 2012, ......coovvieiiiiiiee e 5-654

Regional Aquatics Monitoring Program (RAMP)

xxiv Final 2012 Technical Report



Table 5.13-39

Percent composition and mean CPUE (catch per unit effort) of

species at test reach FOC-F1 of Fort Creek, 2012....................ooo... 5-655
Table 5.13-40 Summary of fish assemblage measurement endpoints in

reaches of Fort Creek, 2011 and 2012. .........ccccceeeeiiiiiiiiiiieeeee e 5-655
Table 5.14-1  Morphometry statistics for the RAMP acid-sensitive lakes. ................ 5-665
Table 5.14-2  Summary of the chemical characteristics of the RAMP acid-

SENSItive 1akes. ... 5-666
Table 5.14-3 RAMP acid-sensitive lakes with chemical characteristics either

below the 5™ or above the 95" percentile in 2012. ..............cccoeueueee.. 5-667
Table 5.14-4  Results of the ANOVA using the GLM for all 50 RAMP acid-

sensitive lakes, baseline lakes, and test lakes. ........cccccoviiiiiiiiennnnnnn. 5-669
Table 5.14-5  Critical loads® of acidity in the RAMP acid-sensitive lakes, 2002

100 122 0 U UUEEER 5-670
Table 5.14-6 Summary of Critical Loads in the RAMP acid-sensitive lakes,

2002 10 2002, ..oeii et a e e e e e e 5-672
Table 5.14-7  Mean critical loads for each subregion, 2012...........ccccccovviiiiriiineeeeenn. 5-672
Table 5.14-8  Chemical characteristics of the RAMP acid-sensitive lakes

having the modeled PAI greater than the critical load in 2012. .......... 5-673
Table 5.14-9  Results of Mann-Kendall trend analyses on measurement

endpoints for the RAMP acid-sensitive lakes, 2012. ..............ccceeeeeee 5-674
Table 5.14-10 Acidification risk factor for individual RAMP acid-sensitive lakes........ 5-678
Table 6.1-1 Streams and related RAMP hydrometric stations selected to

investigate potential flow in WINTer. ... 6-2
Table 6.1-2 Results of winter flow investigation at RAMP seasonal

hydrometric StAatiONS. ........cciieiiiece e 6-2
Table 6.2-1 Locations of reconnaissance stations on the Christina River,

September 2012. ... 6-4
Table 6.2-2 Description of habitat characteristics at reconnaissance stations

on the Christina River, September 2012.............cccccceeei i, 6-9
Table 6.3-1 Reach description and fishing methods used during the fish

assemblage monitoring program in the Athabasca River Delta,

SeptemMbDEr 2012, ... 6-13
Table 6.3-2 Average habitat characteristics of fish assemblage monitoring

reaches of the Athabasca River Delta, September 2012...................... 6-16
Regional Aquatics Monitoring Program (RAMP) XXV Final 2012 Technical Report



Table 6.3-3

Table 6.4-1

Table 6.4-2

Table 6.4-3

Table 6.4-4

Table 7.1-1

Table 7.1-2

Number of fish captured at fish assemblage monitoring reaches
of the Athabasca River Delta, September 2012. ...........ccccciiivveeeeennnne 6-17

Water quality variables measured in Rat Lake............cccccvvvvevviennnennnen. 6-25

Spring melt episodes identified from the AESRD Seasonal Study
ON N RAMP 1AKES™ . ...t 6-29

Changes in ANC in Rat Lake attributed to base cation dilution,
sulphate, nitrate, chloride, and strong organic acids, compared
to baseflow CoNditioNS. .......ooovvieiiiii e 6-38

Results of the ANC partitioning of melt episodes in ten RAMP
lakes, 2004 10 2008, .........ccciueuereiiiieiee e 6-41

Summary assessment of RAMP 2012 monitoring results. ......................... 7-3

Summary assessment of the RAMP 2012 WY hydrologic
MONITONING FESUILS. ...eviiiiiiieii e 7-5

Regional Aquatics Monitoring Program (RAMP) xxvi Final 2012 Technical Report



Figure 1.2-1
Figure 1.3-1
Figure 1.3-2
Figure 1.4-1

Figure 2.5-1

Figure 2.5-2

Figure 2.5-3

Figure 3.1-1

Figure 3.1-2

Figure 3.1-3

Figure 3.1-4

Figure 3.1-5

Figure 3.1-6

Figure 3.1-7

Figure 3.2-1

Figure 3.2-2

Figure 3.2-3

LIST OF FIGURES

RAMP organizational StruCtUre®. ...........c.ccvveieeeeeee e 1-5
RAMP STUAY BIrEaS. ....eeeiiiieiiiiiiiiiiiii ettt 1-7
Hydrologic schematic of RAMP Focus Study Area. .........ccccceevviinvnnnen. 1-11
Overall analytical approach for RAMP 2012. .......ccccooveeeiiiiiiiiiiiieeeeeeeeens 1-21

Locations of surface water withdrawals and discharges from
focal project activities used in the RAMP water balance
calculations, 2012 WALEEN YA .....vvuniieeieeeee et e e e e e ees 2-9

RAMP land change classes derived from SPOT-5 (June and
July 2012) and Landsat-7 (June and September 2012) satellite
imagery, north of FOrt MCMUITAY. ........cocoiiiiiiiiiiiiiiieee e 2-11

RAMP land change classes derived from SPOT-5 (June, July,
August, and September 2012) and Landsat-7 (June and

September 2012) satellite imagery, south of Fort McMurray................ 2-13
Locations of RAMP climate stations and snhowcourse survey
SEAIONS, 2002, ..oeiiiieiiiiiiiee et 3-5
Locations of hydrometric stations operated by RAMP and Water
Survey of Canada, 2012. .......cooooiiiiiiiiii e 3-7
Locations of RAMP water quality stations, 2012............ccccvvvvvvvvvvninennnn. 3-19
Locations of RAMP benthic invertebrate community reaches and
sediment quality Stations, 2012, ..........covieiiiiiiiiiiieiee e 3-35
Locations of RAMP fish monitoring activities, 2012. ...........cccccvvveeennnn. 3-53
Locations of sampling sites for the fish assemblage survey of
Christina Lake, August 2012. ... 3-62
Locations of Acid-Sensitive Lakes sampled in 2012. ...........ccccevvvennen. 3-71

Example Piper diagram, illustrating relative ion concentrations in
waters from lIsadore’s Lake, Mills Creek and Shipyard Lake,
1999 10 2012, ...ttt e e e e e e e e e e nnaees 3-83

Example of a comparison of RAMP data from a specific
watershed against regional baseline concentrations and water
quality guidelines, in this case, total nitrogen in the Steepbank
River watershed. ...........uueiiiiiiiiiiiiiiiii e 3-84

Example time trend chart for benthic invertebrate community
taxa richness in relation to regional baseline conditions, in this
case, for depositional reaches. ..........ccccceeiiieiiiiiiiii e 3-94

Regional Aquatics Monitoring Program (RAMP) Xxvii

Final 2012 Technical Report



Figure 3.2-4

Figure 3.2-5

Figure 4.2-1

Figure 4.2-2

Figure 4.2-3

Figure 4.2-4

Figure 4.2-5

Figure 4.2-6

Figure 4.2-7

Figure 4.3-1

Figure 4.3-2

Figure 4.3-3

Figure 4.3-4

Figure 4.3-5

Figure 4.3-6

Figure 4.3-7

Figure 4.3-8

Example bi-plot showing time trend of benthic invertebrate CA
Axis scores in relation to regional baseline conditions, in this
case, for samples from the middle reach of the Muskeg River
(MUR-D2). ettt 3-95

Example of periphyton chlorophyll a data against the range of
regional baseline concentrations, in this case, for the lower

U] =0 T 417 3-96
Historical annual precipitation at Fort McMurray, 1945 WY to

2012 WY . ettt a e e e aaaaea e 4-2
Monthly precipitation at Fort McMurray in 2012. ........cccoooevvveiiiiiiiieeeeeennns 4-3

Cumulative total precipitation at climate stations in the
Athabasca oil sands region iN 2012, ..........ceeieeiiiiiiiiiiieee e 4-4

Maximum measured snowpack amounts in the Athabasca oil
sands region, 2004 10 2012. ........oouuiieii i e 4-5

Comparison of snowpack depth (cm) and snow water equivalent
(SWE, mm) observed at RAMP climate stations. ............cccoeeeeeeeeeeeee. 4-6

2012 WY daily mean air temperature at Fort McMurray
compared to historical values (1945 t0 2011)..........ccceeeiiiiiiiiiiiiii, 4-7

Comparison of historical (1945 to 2011) and 2012 WY monthly
mean air temperatures at Fort MCMUITay. ..........ccvveiiiieeeireeeiiii e, 4-8

Historical annual runoff volume in the Athabasca River basin,
L1058 10 2002, . o 4-10

The 2012 WY Athabasca River hydrograph compared to
NISLONCAl VAIUES. ...veeiie e 4-11

Historical seasonal (March to October) runoff volume in the
Muskeg River basin, 1974 t0 2012. .........uuuuuuiuemminniiiieiiininneiieniennennnnnnnes 4-13

The 2012 WY Muskeg River hydrograph compared to historical
VAIUEBS. oottt e e e e e a e e e e e 4-14

Historical seasonal (March to October) runoff volume in the
MacKay River basin, 1973 10 2012. ..........uuuviiivmeimmiiniiiieiinneiieeinnniennnnenes 4-15

The 2012 WY MacKay River hydrograph compared to historical
VAIUEBS. .t e s 4-16

Historical seasonal (March to October) runoff volume in the
Christina River basin, 1983 10 2012 .....ccuviiuiiiiiieee et enns 4-17

The 2012 WY Christina River hydrograph compared to historical
VAUUEBS. ittt e e e e e e e e e e e e et eaaaaae 4-18

Regional Aquatics Monitoring Program (RAMP) xxviii

Final 2012 Technical Report



Figure 5.1-1

Figure 5.1-2

Figure 5.1-3

Figure 5.1-4

Figure 5.1-5

Figure 5.1-6

Figure 5.1-7

Figure 5.1-8

Figure 5.1-9

Figure 5.1-10

Figure 5.1-11

Figure 5.1-12

Figure 5.1-13

Figure 5.1-14

Athabasca River and Athabasca River Delta. .........ccoooevvveiiiiiiiiieiei 5-3

Representative monitoring stations of the Athabasca River and

Athabasca River Delta, fall 2012, .......ooeeiieiee e 5-5
Athabasca River: 2012 WY hydrograph and historical context. ............ 5-27
Piper diagram of ion concentrations in Athabasca River

mainstem (test stations ATR-SR versus baseline stations ATR-
DC), fall 1997 10 2012, ......ueeieeiiiiiee et 5-32

Piper diagram of ion concentrations in Athabasca River
mainstem (test stations ATR-MR versus baseline stations ATR-
DC), fall 1997 10 2012, ....uveieeeeciiiee et e e eee e ea e e saee e e e e 5-33

Piper diagram of ion concentrations in Athabasca River
mainstem test stations ATR-DD versus baseline stations ATR-
DC), fall 1997 t0 2012, ...cceeeeiiieiieeiieee e e e e e e e e e e e e nnnes 5-34

Concentrations of selected water quality measurement
endpoints (fall data) relative to historical concentrations and
regional baseline fall concentrations, Athabasca River
mainstem, upstream of Donald Creek (ATR-DC). ....cccovvvvevivviiiiiiennnenn. 5-36

Concentrations of selected water quality measurement
endpoints (fall data) relative to historical concentrations and
regional baseline fall concentrations, Athabasca River
mainstem, upstream of the Steepbank River (ATR-SR). .......ccccccvvvnnnes 5-38

Concentrations of selected water quality measurement
endpoints (fall data) relative to historical concentrations and

regional baseline fall concentrations, Athabasca River
mainstem, upstream of the Muskeg River (ATR-MR). ...............oeeeee. 5-40
Variation in benthic invertebrate community measurement
endpoints in the Athabasca River Delta, 2002 to 2012..............cceeeveee 5-46

Ordination (Correspondence Analysis) of benthic invertebrate
communities in the Athabasca River Delta. ...........c.ccccccvvvvvviiviiivvieenne, 5-47

Relationship between total abundance (#/m” of benthic
invertebrate communities and percent sand as substrate in
channels of the Athabasca River Delta, 2002 to 2012.............ccccceee..... 5-48

Characteristics of sediment collected in the Athabasca River
upstream of Embarras River (ATR-ER), 2000 to 2012 (fall data
ONIY) e e, 5-57

Characteristics of sediment collected in Big Point Channel
(BPC-1), 1999 to 2012 (fall data only). .......cccovvvviiiiiiieeieeeecie e, 5-58

Regional Aquatics Monitoring Program (RAMP) Xxix

Final 2012 Technical Report



Figure 5.1-15 Characteristics of sediment collected in Fletcher Channel

(FLC-1), 2001 to 2012 (fall data only). ........ccccvvrmriiiieeiiiiiiiieeecee e 5-59
Figure 5.1-16  Characteristics of sediment collected in Goose Island Channel

(GIC-1), 2001 to 2012 (fall data only). ......cceeeeeeeeiiiiii e 5-60
Figure 5.1-17 Characteristics of sediment collected in the Embarras River

(EMR-2), 2005, 2010, and 2012 (fall data only)............ccccvvvrerreeeeennnnns 5-61
Figure 5.1-18 Species richness and total catch in the Athabasca River during

spring, summer and fall fish inventories, 1987 to 2012. ....................... 5-63
Figure 5.1-19 Number of species captured in each sampling area of the

Athabasca River captured during the spring, summer and fall

fish inventories, 2009 t0 2012. .........coicuiiiiiiiieeee e 5-65
Figure 5.1-20 Percent composition of large-bodied KIR species caught during

the Athabasca River spring, summer and fall fish inventories,

1987 10 2012, ...ttt a e e e e e 5-66
Figure 5.1-21 Total CPUE (£1SD) for KIR fish species in the Athabasca River

during spring, summer, and fall fish inventories in 2012....................... 5-67
Figure 5.1-22 CPUE (x1SD) for goldeye from 1987 to 2012 during spring,

summer, and fall fish inventories on the Athabasca River.................... 5-68
Figure 5.1-23 CPUE (x1SD) for lake whitefish from 1987 to 2012 during the fall

fish inventory on the Athabasca RiIVEr. ........cccccovviiiiiiiiiiiii e, 5-69
Figure 5.1-24 CPUE (£1SD) for longnose sucker from 1987 to 2012 during

spring, summer, and fall fish inventories on the Athabasca River. ....... 5-70
Figure 5.1-25 CPUE (x1SD) for northern pike from 1987 to 2012 during spring,

summer, and fall fish inventories on the Athabasca River.................... 5-71
Figure 5.1-26 CPUE (£1SD) for trout-perch from 1987 to 2012 during spring,

summer, and fall fish inventories on the Athabasca River.................... 5-72
Figure 5.1-27 CPUE (£1SD) for walleye from 1987 to 2012 during spring,

summer, and fall fish inventories on the Athabasca River.................... 5-73
Figure 5.1-28 CPUE (x1SD) for white sucker from 1987 to 2012 during spring,

summer, and fall fish inventories on the Athabasca River.................... 5-74
Figure 5.1-29 Relative age-frequency distributions and size-at-age relationship

for goldeye captured in the Athabasca River from 1987 to 2012.......... 5-76
Figure 5.1-30 Relative age-frequency distributions and size-at-age relationship

for lake whitefish captured in the Athabasca River from 1987 to

20 2. et e e e e e e e e e e e e e e aane 5-77
Regional Aquatics Monitoring Program (RAMP) XXX Final 2012 Technical Report



Figure 5.1-31

Figure 5.1-32

Figure 5.1-33

Figure 5.1-34

Figure 5.1-35

Figure 5.1-36

Figure 5.1-37

Figure 5.1-38

Figure 5.1-39

Figure 5.1-40

Figure 5.1-41

Figure 5.1-42

Figure 5.1-43
Figure 5.2-1

Figure 5.2-2

Relative age-frequency distributions and size-at-age relationship
for longnose sucker captured in the Athabasca River from 1987
1 (0 21 0 1RSSR 5-78

Relative age-frequency distributions and size-at-age relationship
for northern pike captured in the Athabasca River from 1987 to

Relative age-frequency distributions and size-at-age relationship
for walleye captured in the Athabasca River from 1987 to 2012. ......... 5-80

Relative age-frequency distributions and size-at-age relationship
for white sucker captured in the Athabasca River from 1987 to

Mean condition (x2SD) of goldeye captured in summer and fall
from 1997 to 2012 in the Athabasca River, relative to pre-RAMP
Values (1987 10 1996). ...ccoeieiiieiiieee et 5-82

Mean condition (x2SD) of lake whitefish captured in fall from
1997 to 2012 in the Athabasca River, relative to pre-RAMP
Values (1987 t0 1996). ....uuvveeiiiiieeeeiiiiee e eeee e e e e e 5-82

Mean condition (£2SD) of longnose sucker captured in summer
and fall from 1997 to 2012 in the Athabasca River, relative to
pre-RAMP values (1987 t0 1996). ......cueeiiieiiiieiiiiin e eeeeeeens 5-83

Mean condition (£2SD) of northern pike captured in summer and
fall from 1997 to 2012 in the Athabasca River, relative to pre-
RAMP values (1987 10 1996).......cuuriieeeiiiiiiiiiiiieeeeeeeeeiiieeeeee e e e e e 5-83

Mean condition (x2SD) of trout-perch captured in summer and
fall from 1997 to 2012 in the Athabasca RiVer..........cccccccovviiiiiiieeennnn. 5-84

Mean condition (x2SD) of walleye captured in summer and fall
from 1997 to 2012 in the Athabasca River, relative to pre-RAMP
values (1987 10 1996). .....covvvviiiiiiieiiieeeieeeeeeeeeee et 5-84

Mean condition (+x2SD) of white sucker captured in summer and
fall from 1997 to 2012 in the Athabasca River, relative to pre-

RAMP values (1987 t0 1996).........cuuurrrmrrmniiiirinnniiniiinninnnninnnnnnnnnnnnnnnans 5-85
Percent of total fish captured in the Athabasca River with some

type of external pathology, 1987 t0 2012...........ccccvviiiieieeiiiiiieeeeeeen 5-87
Location where tagged fish were recaptured by anglers in 2012.......... 5-88
Muskeg RIiVer Watershed..............uuvuuiiiiiiiiiiiiiiiiiiiiiias 5-91

Representative monitoring stations of the Muskeg River
ATz LT ] A T<To R O 1 5-93

Regional Aquatics Monitoring Program (RAMP) XXX1

Final 2012 Technical Report



Figure 5.2-3

Figure 5.2-4

Figure 5.2-5

Figure 5.2-6

Figure 5.2-7

Figure 5.2-8

Figure 5.2-9

Figure 5.2-10

Figure 5.2-11

Figure 5.2-12

Figure 5.2-13

Figure 5.2-14

Figure 5.2-15

Figure 5.2-16

Figure 5.2-17

The observed (test) hydrograph and estimated baseline
hydrograph for the Muskeg River in the 2012 WY, compared to
NISTONICAl VAIUES. ... 5-113

Observed lake levels for Kearl Lake in the 2012 WY, compared
to historical ValUES. .........coiiiiiiieice e 5-115

Piper diagram of fall ion concentrations in the Muskeg River. ............ 5-125

Piper diagram of fall ion concentrations in tributaries to the
Muskeg River and Kearl Lake..........cccccooeeiiiiiiiiiiiiiii e, 5-126

Selected water quality measurement endpoints in the Muskeg
River at the mouth (test station MUR-1) and upstream of
Wapasu Creek (test station MUR-6) (fall data) relative to
historical  concentrations and regional baseline fall
(odo] aTot= o1 i = 11 To] o 1 FA 5-128

Selected water quality measurement endpoints in Muskeg River
tributaries (fall data) relative to historical concentrations and
regional baseline fall concentrations..............cccceeeeeiiiniiiiiieeeee 5-130

Selected water quality measurement endpoints in Kearl Lake
(fall data) relative to historical concentrations...............cccceeeeeeeeeeeee. 5-132

Periphyton chlorophyll a biomass at test reach MUR-E1 of the

Y U ES] C=To T A= 5-135
Ordination (Correspondence Analysis) of benthic invertebrate
communities in the Muskeg River (test reach MUR-E1). .................... 5-140
Ordination (Correspondence Analysis) of benthic invertebrate
communities in the Muskeg River, test reach MUR-D2. ..................... 5-142
Ordination (Correspondence Analysis) of benthic invertebrate
communities in the Muskeg River, test reach MUR-D3. ..................... 5-144
Variation in benthic invertebrate community measurement
endpoints in the Muskeg River (test reach MUR-EL). ........................ 5-145
Variation in benthic invertebrate community measurement

endpoints in the Muskeg River (test reach MUR-D2 and test
reaCh MUR-D3).....coiiieii e, 5-146

Variations in benthic invertebrate community measurement
endpoints in test reach JAC-D1 and baseline reach JAC-D2 of
P Tod 14 o] L= T O 1T 5-151

Ordination (Correspondence Analysis) of benthic invertebrate
community composition in test reach JAC-D1, and baseline
reach JAC-D2 of Jackpine Creek. ......cccceevviiiiiieiiiiiiiiie i eeeeeens 5-152

Regional Aquatics Monitoring Program (RAMP)

XxXii Final 2012 Technical Report



Figure 5.2-18

Figure 5.2-19

Figure 5.2-20

Figure 5.2-21

Figure 5.2-22

Figure 5.2-23

Figure 5.2-24

Figure 5.2-25

Figure 5.2-26

Figure 5.3-1

Figure 5.3-2

Figure 5.3-3

Figure 5.3-4

Figure 5.3-5

Figure 5.3-6

Figure 5.3-7

Figure 5.3-8

Ordination (Correspondence Analysis) of benthic invertebrate

communities in Kearl Lake (KEL-1). .....ooooviiiiiiiiiiiiiieeeceeen 5-156
Variations in benthic invertebrate community measurement
endpoints in Kearl Lake (KEL-1)........cccccciiiii 5-157
Variation in sediment quality measurement endpoints in the
Muskeg River, test station MUR-D2. ........ccccoiiiiiiiiiiiie e, 5-163
Variation in sediment quality measurement endpoints in the
Muskeg River, test station MUR-D3. ........ccccooiiiiiiiiiiiiiiiiie e, 5-164
Variation in sediment quality measurement endpoints in
Jackpine Creek, test station JAC-D1. .......cccccieeiiiiiiiiiiiiiin e, 5-165
Variation in sediment quality measurement endpoints in
Jackpine Creek, baseline station JAC-D2. ..........oovvvvvivvvvivvievinniininnnnn, 5-166
Variation in sediment quality measurement endpoints in Kearl
Lake, teSt StationN KEL-L. ......cuiiiiieiiiiie e ee e e r e e e e e e reeees 5-167
Box-plots showing variation in fish assemblage measurement
endpoints in reaches of the Muskeg River, 2009 to 2011................... 5-172
Box-plots showing variation in fish assemblage measurement
endpoints in reaches of Jackpine Creek, 2009 to 2011..................... 5-176
Steepbank River watershed. ...........ccvvvivieieiiiiie e 5-179

Representative monitoring stations of the Steepbank River, fall

The observed (test) hydrograph and estimated baseline
hydrograph for the Steepbank River in the 2012 WY, compared
10 iStorical VaIUES. ......oooiiiiiiiiiiiiiiie e 5-193

Piper diagram of fall ion concentrations in the Steepbank River,
AUl 2012, .o 5-199

Concentrations of selected water quality measurement
endpoints in the Steepbank River (fall data) relative to historical

data and regional baseline fall concentrations...............cccccccvvvvvveenn. 5-201
Periphyton chlorophyll a biomass in the Steepbank River. ................. 5-204
Ordination (Correspondence Analysis) of benthic invertebrate
communities in the Steepbank RIVer. .........cccoooiiiiiiin 5-208
Variation in benthic invertebrate community measurement

endpoints in the Steepbank RIVEr............cccvvviiiiii e, 5-209

Regional Aquatics Monitoring Program (RAMP)

XXxxiii Final 2012 Technical Report



Figure 5.3-9

Figure 5.3-10

Figure 5.3-11

Figure 5.3-12

Figure 5.3-13

Figure 5.3-14

Figure 5.3-15

Figure 5.3-16

Figure 5.3-17

Figure 5.3-18

Figure 5.4-1
Figure 5.4-2

Figure 5.4-3

Box-plots showing variation in fish assemblage measurement
endpoints in reaches of the Steepbank River, 2009 to 2012. ............. 5-213

Mean age (= 1SD) of male and female slimy sculpin at baseline
(SR-R, DR-R, HR-R, and HH-R) and test (sites MR-E and SR-E)
sites on tributaries to the Athabasca River, 1999, 2001 and

Relative age-frequency distribution for slimy sculpin across sites,
1999, 2001, @nd 2012, ....ccceeiiiiiiiiiiiiiiee e 5-217

Relationship between body weight (g) and age (years) of male
and female slimy sculpin at baseline (SR-R, DR-R, HR-R, and
HH-R) and test (sites MR-E and SR-E) sites on tributaries to the
Athabasca River, 1999, 2001 and 2012. ......cocceoviieiiieiieieieeeee e 5-222

Mean gonadosomatic index (GSI) (x 1SD) of female and male
slimy sculpin at baseline (SR-R, DR-R, HR-R, and HH-R) and
test (sites MR-E and SR-E) sites on tributaries of the Athabasca
River, 1999 and 2012. .....ouiieeiiee e 5-223

Relationship between body weight (g) and gonad weight (g) of
male and female slimy sculpin at baseline (SR-R, DR-R, HR-R,
HH-R) and test (MR-E and SR-E) sites on tributaries of the
Athabasca River, 1999 and 2012. ......coevieiieieeeeee e 5-224

Mean liver somatic index (LSI) (x 1SD) of female and male slimy
sculpin at baseline (SR-R, DR-R, HR-R, HH-R) and test (MR-E
and SR-E) sites on tributaries of the Athabasca River, 1999 and

Relationship between body weight (g) and liver weight (g) of
male and female slimy sculpin at baseline (SR-R, DR-R, HR-R,
HH-R) and test (MR-E and STR-E) sites on tributaries of the
Athabasca River, 1999 and 2012. ......oovveiiee e eeans 5-226

Mean condition factor of female and male slimy sculpin at
baseline (SR-R, DR-R, HR-R, and HH-R) and test (MR-E and
SR-E) sites on tributaries of the Athabasca River, 1999, 2001,
2004, 2006, 2009, 2012, ...cccceeeiiiriiieee e 5-227

Relationship between body weight (g) and total length (mm) of
slimy sculpin at baseline and test sites on tributaries of the

Athabasca River, 1999, 2001, 2004, 2006, 2009, 2012. ..............c..... 5-228
Tar RiVEer Watershed. .......coiie i 5-231
Representative monitoring stations of the Tar River, fall 2012. .......... 5-232

The observed (test) hydrograph and estimated baseline
hydrograph for the Tar River in the 2012 WY, compared to
NISTONICAl VAIUEBS. ... 5-240

Regional Aquatics Monitoring Program (RAMP) XXX1V Final 2012 Technical Report



Figure 5.4-4

Figure 5.4-5

Figure 5.4-6

Figure 5.4-7

Figure 5.4-8

Figure 5.4-9

Figure 5.4-10

Figure 5.4-11

Figure 5.5-1

Figure 5.5-2

Figure 5.5-3

Figure 5.5-4

Figure 5.5-5

Figure 5.5-6

Figure 5.5-7

Figure 5.5-8

Figure 5.5-9

Concentrations of selected water quality measurement
endpoints in the Tar River (fall data) relative to historical
concentrations and regional baseline fall concentrations. .................. 5-244

Piper diagram of fall ion concentrations, Tar RIVEr. ..........ccccceeeeeiennnn 5-246

Periphyton chlorophyll a biomass in baseline reach TAR-E2 of
the Tar RIVEI. ..o 5-249

Variation in benthic invertebrate community measurement
endpoints in the Tar River (test reach TAR-D1). ...........ccccc, 5-253

Ordination (Correspondence Analysis) of benthic invertebrate
communities in the Tar River (test reach TAR-D1 and baseline

FEACH TAR-E2). ...eeiii e 5-254
Variation in benthic invertebrate community measurement
endpoints in the Tar River (baseline reach TAR-E2). .......ccccvvveeeeenns 5-255
Variation in sediment quality measurement endpoints in the Tar
River, test station TAR-DL. ......oovuiiiie e 5-257
Box-plots showing variation in fish assemblage measurement
endpoints in reaches of the Tar River, 2009 to 2012...........ccccceeeeee.. 5-261
MacKay River watershed. ..............vuvuiiiiiiiiiiiiiiiiiiiiiii. 5-265

Representative monitoring stations of the MacKay River
WALEIrShed, Tall 2002, ... e e e e e 5-266

The observed (test) hydrograph and estimated baseline
hydrograph for the MacKay River in the 2012 WY, compared to
NISTONICAl VAIUEBS. ... 5-275

Piper diagram of fall ion concentrations in the MacKay River
WALEISNEM. ... 5-280

Concentrations of selected water quality measurement
endpoints in the MacKay River (fall data) relative to historical
concentrations and regional baseline fall concentrations. .................. 5-282

Periphyton chlorophyll a biomass in the test (MAR-E1 and MAR-

E2) and baseline (MAR-E3) reaches of the MacKay River................. 5-285
Ordination (Correspondence Analysis) of benthic invertebrate
communities in the MacKay RIVET. ........cccoooiiiiiiiiiii e 5-290
Variation in benthic invertebrate community measurement

endpoints in the MacKay RIVEr. ..........cccooiiiiiiiiiiiiii e, 5-291

Box-plots showing variation in fish assemblage measurement
endpoints in reaches of the MacKay River, 2009 to 2012. ................. 5-295

Regional Aquatics Monitoring Program (RAMP)

XXXV Final 2012 Technical Report



Figure 5.6-1

Figure 5.6-2

Figure 5.6-3

Figure 5.6-4

Figure 5.6-5

Figure 5.6-6

Figure 5.6-7

Figure 5.6-8

Figure 5.6-9

Figure 5.6-10

Figure 5.7-1

Figure 5.7-2

Figure 5.7-3

Figure 5.7-4

Figure 5.7-5

Figure 5.7-6

Calumet River watershed. ..........ccuevviiiiiiiiii e 5-299
Representative monitoring stations of the Calumet River, fall
The observed (test) hydrograph and estimated baseline
hydrograph for the Calumet River in the 2012 WY, compared to

NISTOTICAl VAIUES. ..ottt e e e aaees 5-309

Piper diagram of fall ion concentrations in Calumet River
WALEISNEU. ... 5-313

Concentrations of selected water quality measurement
endpoints in the Calumet River (fall data) relative to historical
concentrations and regional baseline fall concentrations. .................. 5-315

Ordination (Correspondence Analysis) of benthic invertebrate

communities in the Calumet RiVer. ..........ccccc 5-320
Variation in benthic invertebrate community measurement
endpoints in the Calumet RIVET............oovviiiiiiiiie e 5-321
Variation in sediment quality measurement endpoints in the
Calumet River, test station CAR-D1. ......covviiiiiii e 5-324
Variation in sediment quality measurement endpoints in the
Calumet River, baseline station CAR-D2.........ccccoovieiiieiiiiiiieee, 5-325
Box-plots showing variation in fish assemblage measurement
endpoints in reaches of the Calumet River, 2012............................... 5-329
Firebag River watershed. .............ooeveeiiiiiiiiieeeeee e 5-331

Representative monitoring stations of the Firebag River
Watershed, fall 2002, ... cov e e e e 5-332

The observed (test) hydrograph and estimated baseline
hydrograph for the Firebag River in the 2012 WY, compared to
NISTONICAl VAIUES. ... 5-341

McClelland Lake water level data for the 2012 WY, compared to
RISTONICAl VAIUES. ..covveiii i e 5-344

Piper diagram of fall ion concentrations in the Firebag River
watershed, fall 2002, ......cveeeeeee ettt a e eeaas 5-349

Concentrations of selected water quality measurement
endpoints in the Firebag River watershed (fall 2012) relative to
historical  concentrations and regional baseline fall
[ofo] g o= g 1= 11 T0] o IS P EEPRPPR 5-351

Regional Aquatics Monitoring Program (RAMP)

XXXVi Final 2012 Technical Report



Figure 5.7-7

Figure 5.7-8

Figure 5.7-9

Figure 5.7-10

Figure 5.7-11

Figure 5.7-12

Figure 5.7-13

Figure 5.8-1

Figure 5.8-2

Figure 5.8-3

Figure 5.8-4

Figure 5.8-5

Figure 5.8-6

Figure 5.8-7

Figure 5.8-8

Figure 5.8-9

Figure 5.8-10

Concentrations of selected water quality measurement
endpoints in McClelland Lake and Johnson Lake (fall 2012)

relative to historical concentrations. .........cccccoooeoioeeniinniinne e, 5-353
Ordination (Correspondence Analysis) of lake benthic
invertebrate communities in McClelland Lake (MCL-1). ..................... 5-358
Variation in benthic invertebrate community measurement
endpoints in McClelland Lake. ...........cccooviiiiiiiiiiiii e 5-359
Variation in benthic invertebrate community measurement
endpoints in JONNSON Lake. .......coooiiiiiiiiiiiei e 5-360
Ordination (Correspondence Analysis) of lake benthic
invertebrate communities in Johnson Lake (JOL-1). ......cccccceeviiinnnnnn. 5-361
Variation in sediment quality measurement endpoints in
McClelland Lake, test station MCL-1. .....c.vieiieiei e e e 5-363
Variation in sediment quality measurement endpoints in Johnson
Lake, baseline station JOL-1. ......cooeuiiiiiiiiie e 5-365
Ells River watershed. ......... ... 5-367
Representative monitoring stations of the Ells River, fall 2012. .......... 5-368

The observed (test) hydrograph and estimated baseline
hydrograph for the Ells River in the 2012 WY, compared to
NIStOriCal VAlUES. ... .. e 5-378

Piper diagram of fall ion concentrations in the Ells River
WALEISNEM. .oveee e 5-383

Selected water quality measurement endpoints in the Ells River
(fall data) relative to historical concentrations and regional
baseline fall cONCeNtratioNS. ............ccoeiiiiiiiiiiiie e 5-385

Periphyton chlorophyll a biomass in baseline reaches ELR-E2

and ELR-E2A of the EllS RIVer. ... 5-388
Ordination (Correspondence Analysis) of benthic invertebrate
communities at reaches of the Ells River.............cccccco, 5-393
Variation in benthic invertebrate community measurement
endpoints at test reach ELR-D1 of the Ells River. .............................. 5-394
Variation in benthic invertebrate community measurement

endpoints at test reach ELR-E2 and baseline reach ELR-E2A of
the EllS RIVE.... e 5-395

Variation in sediment quality measurement endpoints in the Ells
River, test station ELR-D1. ......coouiiiiiiie e 5-397

Regional Aquatics Monitoring Program (RAMP)

XXXVii Final 2012 Technical Report



Figure 5.8-11

Figure 5.9-1

Figure 5.9-2

Figure 5.9-3

Figure 5.9-4

Figure 5.9-5

Figure 5.9-6

Figure 5.9-7

Figure 5.9-8

Figure 5.9-9

Figure 5.9-10

Figure 5.9-11

Figure 5.9-12

Figure 5.9-13

Figure 5.9-14

Box-plots showing variation in fish assemblage measurement
endpoints in reaches of the Ells River, 2010 to 2012. ........................ 5-401

Clearwater River WaterShed. .........oovuiveiie e 5-405

Representative monitoring stations of the Clearwater River
watershed, fall 2012........coeeiiiii e 5-406

Clearwater River at Draper hydrograph for the 2012 WY,
compared to historical Values. ...........ccoiviiiiiiieiiiiin e 5-420

Piper diagram of fall ion concentrations in the Clearwater River
WALEISNEM. .ooeee e 5-424

Concentrations of selected water quality measurement
endpoints in the Clearwater watershed (fall data) relative to

historical  concentrations and regional baseline fall
(odo] aTot=T o1 i = 11 To] o - JA 5-426
Periphyton chlorophyll a biomass in the High Hills River. ................... 5-429
Variation in benthic invertebrate community measurement
endpoints in the High Hills River. ... 5-431
Ordination (Correspondence Analysis) of benthic invertebrate
communities at baseline reach HHR-E1 of the High Hills River. ........ 5-432
Total catch and number of species captured during the

Clearwater River spring, summer, and fall fish inventories, 2003
B0 20002, e 5-434

Relationship between total catch and discharge (m®s) of the
Clearwater River, Fall 2003 t0 2012, .....ccuiveeiiee e e eees 5-435

Seasonal catch per unit effort (CPUE + 1SD) of large-bodied KIR
fish species and other species at test and baseline reaches in
the Clearwater RIVEr, 2012, ......coouniiiii e 5-436

Seasonal catch per unit effort (CPUE + 1SD) of large-bodied KIR
fish species and other species in the Clearwater River, 2003 to

Relative age-frequency distributions and size-at-age regression
relationships for goldeye in spring, summer, and fall, 2011 to

Relative age-frequency distributions and size-at-age regression
relationships for longnose sucker in spring, summer, and fall,
2004 10 2012, ..ceiiieeieeee e 5-439

Regional Aquatics Monitoring Program (RAMP)

XXXViii Final 2012 Technical Report



Figure 5.9-15

Figure 5.9-16

Figure 5.9-17

Figure 5.9-18

Figure 5.9-19

Figure 5.9-20

Figure 5.9-21

Figure 5.9-22

Figure 5.9-23

Figure 5.9-24

Figure 5.10-1

Figure 5.10-2

Figure 5.10-3

Figure 5.10-4

Figure 5.10-5

Relative age-frequency distributions and size-at-age regression
relationships for northern pike in spring, summer, and fall, 2004
100 122 0 U UEEERT 5-440

Relative age-frequency distributions and size-at-age regression
relationships for walleye in spring, summer, and fall, 2004 to

Relative age-frequency distributions and size-at-age regression
relationships for white sucker in spring, summer, and fall, 2011
L(0 122 0 USSP USEPRR 5-442

Condition factor (£2SD) for large-bodied KIR fish species
captured in test and baseline areas of the Clearwater River
during the summer and fall fish inventories, 2012. .............ccccceeeeeenne 5-443

Condition factor (x2SD) for large-bodied KIR fish species
captured in the Clearwater River, summer and fall 2003 to 2012....... 5-444

Percent of total fish captured in the Clearwater River with
external pathology, 2003 t0 2012. ......ccoiiiiiiiiiii 5-446

Temporal comparison of absolute and length-normalized
mercury concentrations in muscle tissue of northern pike from
the Clearwater River, fall 2004, 2006, 2007, 2009, and 2012............. 5-448

Relationships between mercury and fork length and mercury and
age of northern pike from the Clearwater River, 2004 to 2012........... 5-449

Length-normalized mercury concentrations in northern pike
captured from regional watercourses, 1975 to 2012 (sample size
represented by number on each bar; orange bar denotes current

SAMPIING YEAI). weeeeiiiiiiiieee et 5-454
Box-plots showing variation in fish assemblage measurement

endpoints in High Hills River, 2011 t0 2012.............ccoeeoviiiiiiiiii, 5-457
Christina River watershed. ..., 5-459

Representative monitoring stations of the Christina River
WatErsShed, Tall 2002, ... e eans 5-461

The observed (test) hydrograph and estimated baseline
hydrograph for the mouth of the Christina River in the 2012 WY,
compared to historical ValUes. ...........ccceeviiiiiiieiiiiin e 5-482

Christina Lake near Winfred Lake: 2012 hydrograph and
RISTOFICAl CONTEXL. ..vvvviiii e e 5-485

Jackfish River below Christina Lake: 2012 hydrograph and
RISTONICAl CONMEXL. ...t 5-486

Regional Aquatics Monitoring Program (RAMP)

XXXIX Final 2012 Technical Report



Figure 5.10-6

Figure 5.10-7

Figure 5.10-8

Figure 5.10-9

Figure 5.10-10

Figure 5.10-11

Figure 5.10-12

Figure 5.10-13

Piper diagram of fall ion concentrations in the Christina River
WALEISNEM. .oveee e 5-493

Concentrations of selected water quality measurement
endpoints in the Christina River watershed (fall data) relative to
historical  concentrations and regional baseline fall
(odo] aot= o1 i 7= 11 o] o - JA 5-495

Concentrations of selected water quality measurement
endpoints in Christina Lake (fall data) relative to historical
concentrations and regional baseline fall concentrations. .................. 5-497

Variation in benthic invertebrate community measurement
endpoints in the Christina RiVer.............ccccccccc 5-503

Ordination (Correspondence Analysis) of benthic invertebrate
communities at test reaches CHR-D1 and CHR-D2 of the

CRrIStING RIVET. . 5-504
Periphyton chlorophyll a biomass at test reach JAR-E1 of the
N P Tod ] T 1= 5-506
Variation in benthic invertebrate community measurement

endpoints in Sunday and Sawbones creeks..............cccccc, 5-508

Ordination (Correspondence Analysis) of benthic invertebrate
communities at test reach SAC-D1 of Sawbones Creek and test

reach SUC-D1 of Sunday Creek........cccooeeeiieiiiiiiiiii e, 5-509
Figure 5.10-14 Variation in benthic invertebrate community measurement
endpoints in JackfisSh RIVET. ... 5-510
Figure 5.10-15 Ordination (Correspondence Analysis) of benthic invertebrate
communities at test reach JAR-E1 of the Jackfish River. .................. 5-511
Figure 5.10-16 Variation in benthic invertebrate community measurement
endpoints in Christina Lake. ..........c.ciiiiiiiiiiiiciin e 5-514
Figure 5.10-17 Variation in sediment quality measurement endpoints in the
Christina River, test station CHR-D1. .......coooiiiiiiiiieeeeee e, 5-520
Figure 5.10-18 Variation in sediment quality measurement endpoints in the
Christina River, test station CHR-D2. ... 5-521
Figure 5.10-19 Variation in sediment quality measurement endpoints in
Sawbones Creek, test station SAC-D1. ..., 5-522
Figure 5.10-20 Variation in sediment quality measurement endpoints in Sunday
Creek, test station SUC-D1. ........c..uviiiiiiiiiiiiiiiiiecce e 5-523
Figure 5.10-21 Variation in sediment quality measurement endpoints in
Christina Lake, test station CHL-1. .......oovuiiiiiii e 5-524
Regional Aquatics Monitoring Program (RAMP) x1 Final 2012 Technical Report



Figure 5.10-22

Figure 5.10-23

Figure 5.10-24

Figure 5.10-25

Figure 5.10-26

Figure 5.10-27

Figure 5.10-28

Figure 5.10-29

Figure 5.10-30

Figure 5.10-31

Figure 5.10-32

Figure 5.10-33

Figure 5.10-34

Figure 5.10-35

Box-plots showing variation in fish assemblage measurement
endpoints for depositional reaches of the Christina River
WALEISNEA, 2002, ..o e ettt e e e 5-529

Box-plots showing variation in fish assemblage measurement
endpoints for erosional test reach JAR-F1, 2012. .......................c. 5-531

Depth profiles of temperature (°C), dissolved oxygen (mg/L), pH,
and conductivity (uS/cm) in Christina Lake, August 2012. ................. 5-534

Total number of fish captured by species and fishing method
(boat electrofishing, hoopnetting, and beach seining, summer

Temporal comparison of mercury concentration in northern pike
from Gregoire Lake, 2002, 2007, and 2012. ...........ceeveevvveeveeereenrnnennnns 5-537

Temporal comparison of mercury concentration in walleye from
Gregoire Lake, 2002, 2007, 2012. ......oueeieieeeieeeiiee e e e eeeeeeinn e e eeeenns 5-537

Temporal comparison of the relationship between fork length
and mercury concentrations in the tissue of northern pike from
Gregoire Lake, 2002, 2007, and 2012. .......ccooovviiiiiieeeeeeeeeiiie e eeeeeens 5-538

Temporal comparison of the relationship between fork length
and mercury concentrations in the tissue of walleye from
Gregoire Lake, 2002, 2007, and 2012. ........coovvviiiiiiiieeeeeeeeie e eeeeeens 5-539

Regional comparison of mean length-normalized concentrations
of mercury in northern pike across lakes sampled by
RAMP/ESRD, 2002 t0 2012. .....oviiiiiiieeeeiieiiiiiieeae e e e e e esiieaeeeaeeeeeeaenes 5-539

Regional comparison of mean length-normalized concentrations
of mercury in walleye across lakes sampled by RAMP/AESRD,
2002 10 2002, ..oeiiee ettt e e e e e e e e e e e 5-540

Regional comparison of mean length-normalized concentrations
of mercury by age class of northern pike across lakes sampled
by RAMP/AESRD, 2002 t0 2012, ...ccoieee e 5-540

Regional comparison of mean length-normalized concentrations
of mercury by age class of walleye across lakes sampled by
RAMP/AESRD, 2002 t0 2012, ....ciiiieeeeeeiiiee et 5-541

Regional comparison of mean length-standardized
concentrations of mercury in northern pike from lakes in Alberta,
1973 to 2012 (sample size represented by number on each bar;
orange bar denotes current sampling year). .......cccccceveeeiiiiiiiiiieeeeeeenn, 5-542

Regional comparison of mean length-normalized concentrations
of mercury in walleye from lakes in Alberta, 1973 and 2012

Regional Aquatics Monitoring Program (RAMP)

xli Final 2012 Technical Report



Figure 5.11-1

Figure 5.11-2

Figure 5.12-1

Figure 5.12-2

Figure 5.12-3

Figure 5.12-4

Figure 5.13-1

Figure 5.13-2

Figure 5.13-3

Figure 5.13-4

Figure 5.13-5

Figure 5.13-6

Figure 5.13-7

Figure 5.13-8

Figure 5.13-9

Figure 5.13-10

(sample size represented by number on each bar; orange bar
denotes current SAamMPpPling YEar). ....cc.uuveerieieeiiiiiiiiiieee e 5-543

Hangingstone River watershed. ................uvveeiiiiiiiiiiiiiiiiiiiiiiiiiiiieinnnes 5-545

The observed (test) hydrograph and estimated baseline
hydrograph for the Hangingstone River in the 2012 WY,
compared to historical values. ... 5-548

Pierre River Area WaterShEAS. .......ovveiieiie e e e 5-551

Representative monitoring stations of the watersheds in the
Pierre River area, fall 2012. .........ooveeiiieieeeee e e 5-552

Piper diagram of ion balance in Big Creek, Pierre River, Red
Clay Creek, and Eymundson Creek. ......ccooeevveeiieeiiiii e, 5-560

Concentrations of selected water quality measurement
endpoints in baseline stations BIC-1, PIR-1, RCC-1, and EYC-1
(fall data) relative to regional baseline fall concentrations. ................. 5-562

Miscellaneous aquatiC SYSTEMS. .......ccceoiiiiiiiiiiiiiii e 5-567

Representative monitoring stations of miscellaneous aquatic
systems, fall 2012. ..., 5-568

The observed (test) hydrograph and estimated baseline
hydrograph for Mills Creek in the 2012 WY, compared to
RIStOrICAl VAIUES. ... 5-593

Isadore’s Lake: 2012 hydrograph and historical context..................... 5-595

Piper diagram of fall ion balance in Isadore’s Lake, Mills Creek
and Shipyard Lake. ... 5-598

Concentrations of selected fall water quality measurement
endpoints, Mills Creek (MIC-1), McLean Creek (MCC-1), and
Fort Creek (FOC-1) (fall data), relative to historical
concentrations and regional baseline fall concentrations. .................. 5-600

Concentrations of selected fall water quality measurement
endpoints, Isadore’s Lake (ISL-1) and Shipyard Lake (SHL-1)

(fall data), relative to historical concentrations...............ccccvvveeeeeeennnnns 5-602
Variation in benthic invertebrate community measurement
endpoints in Isadore’s Lake (test station ISL-1).........cccoecvvviiieeeeennnnns 5-607
Ordination (Correspondence Analysis) of benthic invertebrate
communities in Isadore’s Lake. ... 5-608
Variation in sediment quality measurement endpoints in

Isadore’s Lake, test Station ISL-1. ......ooeniieiee e 5-610

Regional Aquatics Monitoring Program (RAMP)

xlii Final 2012 Technical Report



Figure 5.13-11

Figure 5.13-12

Figure 5.13-13

Figure 5.13-14

Figure 5.13-15

Figure 5.13-16

Figure 5.13-17

Figure 5.13-18

Figure 5.13-19

Figure 5.13-20

Figure 5.13-21

Figure 5.13-22

Figure 5.13-23

Figure 5.13-24

Figure 5.13-25

Figure 5.13-26

Ordination (Correspondence Analysis) of benthic invertebrate

communities in Shipyard Lake. ...........c.eovveiieiiiiiiiiieeeee 5-615
Variation in benthic invertebrate community measurement
endpoints in Shipyard Lake (test station SHL-1). ............................... 5-616
Variation in sediment quality measurement endpoints in
Shipyard Lake, test station SHL-1. ...........occcoiiiiiiiiiiiiiieeeeee e 5-618

The observed (test) hydrograph and estimated baseline
hydrograph for Poplar Creek in 2012, compared to historical

VAIUBS. ittt ann i nnnnn i nnnnnnns 5-619
Piper diagram of fall ion balance at test station BER-1, baseline
station BER-2, and test station POC-1, 1999 to 2012. .........ccccceeernnne 5-625
Concentrations of selected water quality measurement

endpoints in test station BER-1, test station POC-1, and

baseline station BER-2 (fall data) relative to historical
concentrations and regional baseline fall concentrations. .................. 5-626
Variation in benthic invertebrate community measurement
endpoints in Beaver River and Poplar CreeK...........ccccevvvieiiiiieeeeeenns 5-631

Ordination (Correspondence Analysis) of benthic invertebrate
communities in Beaver River and Poplar Creek. ...........cccuvviiveeeeennnnns 5-632

Variation in sediment quality measurement endpoints at test

StAtION POC-D1...coiiiiiiiiiiieiieie ettt 5-634
Variation in sediment quality measurement endpoints at test
station BER-D2. ... 5-636
Box-plots showing variation in fish assemblage measurement
endpoints in Poplar Creek, 2009 t0 2012. ...........cooeeiiiiiiiiiiii, 5-640
Box-plots showing variation in fish assemblage measurement
endpoints in Beaver River, 2009 and 2012...........cccooeeevvveiviiiiiieeeneennns 5-641
Piper diagram of ion balance in McLean Creek and Fort Creek. ........ 5-643

The observed (test) hydrograph and estimated baseline
hydrograph for Fort Creek in the 2012 WY, compared to

NISTONICAl VAIUES. ... 5-644
Variation in benthic invertebrate community measurement
endpoints iN FOIt Creek. ... 5-650
Ordination (Correspondence Analysis) of lake benthic
invertebrate communities in lower Fort Creek (test reach FOC-
1) TP 5-651

Regional Aquatics Monitoring Program (RAMP)

xliii Final 2012 Technical Report



Figure 5.13-27

Figure 5.13-28

Figure 5.13-29

Figure 5.14-1

Figure 5.14-2

Figure 5.14-3

Figure 5.14-4

Figure 5.14-5

Figure 5.14-6

Figure 5.14-7

Figure 5.14-8

Figure 5.14-9

Figure 6.2-1

Figure 6.2-2

Figure 6.2-3

Figure 6.3-1

Figure 6.4-1

Variation in sediment quality measurement endpoints in Fort

Creek, test station FOC-D1. ..o 5-653
Box-plots showing variation in fish assemblage measurement

endpoints in Fort Creek, 2012, ..........cccooei 5-656
Susan Lake Outlet: 2012 WY hydrograph...........cccccviiiiiiiiiiieeeennnnnnns 5-657

Concentrations of nitrates (+ 1SE) in all 50 RAMP acid-sensitive
lakes COMBDINEM. ........oiiiiiiiii e 5-668

Control charts for acid-sensitive lakes showing significant trends
in measurement endpoints using Mann-Kendall trend analysis.......... 5-675

Control charts of pH in ten RAMP acid-sensitive lakes most at
FiISK t0 @CIAIfICALION. .....uvviiiiieiiiiiii e 5-679

Control charts of the sum of base cations in ten RAMP acid-
sensitive lakes most at risk to acidification. ..........cooveovveiiiiiiiiiieiennn 5-681

Control charts of sulphate in ten RAMP acid-sensitive lakes most
at risk to acidification. ..........ccccce e 5-683

Control charts of dissolved organic carbon in ten RAMP acid-
sensitive lakes most at risk to acidification. ..........coeevvviiieiiiiiiiiiiienn 5-685

Control charts of nitrates in ten RAMP acid-sensitive lakes most
At 1ISK 10 ACIAITICATION. ...eeeee e ens 5-687

Control charts of Gran alkalinity in ten RAMP acid-sensitive
lakes most at risk to acidification. ...........ccoooeeiieiiiiiii, 5-689

Control charts of dissolved aluminum in six RAMP acid-sensitive
lakes most at risk t0 aCidifiCation. ..........vveiieee e 5-691

Location of baseline reconnaissance stations on the Christina
River, September 2012, ......... e 6-5

Representative photographs of stations evaluated during the
reconnaissance survey on the Christina River, fall 2012........................ 6-8

Concentrations of selected water quality measurements at

reconnaissance stations on the Christina River, September

Location of reaches in the Athabasca River Delta sampled
during the fish assemblage monitoring program, September

Regional Aquatics Monitoring Program (RAMP)

xliv Final 2012 Technical Report



Figure 6.4-2

Figure 6.4-3

Figure 6.4-4

Figure 6.4-5

Figure 6.4-6

Figure 6.4-7

Figure 6.4-8

Figure 6.4-9

Figure 6.4-10

Figure 6.4-11

Figure 7.1-1

Representative photographs of water quality sampling and
datasonde deployment in Rat Lake, winter and spring 2012................. 6-27

Daily mean air temperature and precipitation recorded at Sucker
Lake climate Station. .........c..eeeiiiiiiiiiiiiiie e 6-31

Discharge measured at the upper Gregoire River (Nexen station
GRR-2, Hatfield 2013, provisional data). ...........ccccceeeeiiiiiiiiiiiieeeeeee 6-31

Mean monthly discharge of the Gregoire River (Nexen station
GRR-2, Hatfield 2013, provisional data) from January to July
2012, compared to historical values. ...........cccceeee i 6-32

Continuous measurements of temperature (°C), dissolved
oxygen (mg/L), and conductivity (uS/cm) in Rat Lake during the
SPriNG MEIL, 2012, ..o 6-34

Continuous measurements of pH, H*, H" normalized for dilution,
and DOC normalized for dilution in Rat Lake during the spring
=] L2 O 1 T 6-35

Comparison of calculated ANC versus measured Gran alkalinity
INRAL LAKE, 2002, ... ittt ettt e et e e e e e eanreen 6-36

Changes in ANC attributed to dilution (dil), sulphate (SO4%),
nitrate (NOj3), chloride (CI), and strong organic acids (A*)
relative to baseflow ANC in Rat Lake, 2012. ......covevvevieiiiiiieeieeeieenn 6-37

Comparison of calculated ANC versus measured Gran alkalinity
in seasonal water quality data of ten RAMP lakes, 2004 to 2008......... 6-39

Change in ANC attributable to dilution (dil), sulphates (SO4%),
nitrates (NOg3’), chloride (CI’), and strong organic acids (A*) for
each melt episode in ten RAMP lakes, 2004 to 2008. ...........cccccvveeeeee. 6-43

Changes in values of hydrologic measurement endpoints in the
Athabasca River as a result of focal projects plus other oil sands
AeVelOPMENTS. ..o 7-7

Regional Aquatics Monitoring Program (RAMP) xlv Final 2012 Technical Report



Appendix A

Appendix B
Appendix C

Appendix D

Appendix E

Appendix F

LIST OF APPENDICES

Estimating Area of Land Change for the RAMP Focus Study
Area

Quality Assurance and Quality Control Procedures for 2012
Climate and Hydrology Component

Benthic Invertebrate Communities and Sediment Quality
Component

Fish Populations Component

Acid-Sensitive Lakes Component

Regional Aquatics Monitoring Program (RAMP) xlvi Final 2012 Technical Report



ACKNOWLEDGEMENTS

Funding for RAMP in 2012 was provided by Suncor Energy Inc. (Suncor), Syncrude Canada Ltd.
(Syncrude), Shell Canada Energy (Shell), Canadian Natural Resources Limited (Canadian Natural),
Imperial Oil Resources (Imperial Oil), Nexen Inc. (Nexen), Husky Energy (Husky), Total E&P Canada
Ltd. (Total E&P), MEG Energy Corp. (MEG Energy), Dover Operating Corp. (DOC), ConocoPhillips
Canada (ConocoPhillips), Devon Energy Corp. (Devon Energy), Cenovus Energy (Cenovus), Japan
Canada Oil Sands Limited (JACOS), Teck Resources Ltd. (Teck, formerly SilverBirch Energy Ltd.),
Statoil Canada Ltd. (Statoil), and Hammerstone Corporation (Hammerstone).

The RAMP chairperson during the 2012 program year was Sarah Aho (Suncor). Rod Hazewinkel
(AESRD) was chair of the Technical Program Committee, Ainslie Campbell (Shell) was chair of the
Finance Subcommittee, National Public Relations served as Communications Coordinator for RAMP,
and Hatfield Consultants managed and implemented the program on behalf of the Steering Committee.

RAMP is a multi-stakeholder environmental monitoring program that is composed of
representatives from industry; municipal, provincial and federal governments, and a local
Aboriginal group. Effective implementation of the RAMP requires a number of contributors. We
would like to thank the following:

= Members of the RAMP Steering Committee, Technical Program Committee, Finance
Subcommittee, and the Communications Subcommittee;

= Syncrude, Canadian Natural, Suncor, Nexen, Shell, and Fisheries and Oceans Canada for
their contribution towards the fish inventory program;

= AESRD for providing water quality data from their ongoing LTRN monitoring programs
for inclusion in RAMP;

= Environment Canada for assisting with field work required for the Fish Populations
component;

=  Water Survey of Canada (WSC) for access to their hydrology data for stations in the oil
sands region;

* AESRD for conducting the field work required for the Acid-Sensitive Lakes component
and for assisting with field work required for the Water Quality and Benthic Invertebrate
Communities and Sediment Quality components; and

* Local residents/anglers who provided information for the Fish Tag Return Program.
In addition, the 2012 RAMP Implementation Team would like to acknowledge the following
contractors and laboratories that assisted with the program:

= Alberta Innovates Technology Futures (chemical analyses);

= ALS Laboratory Group (chemical analyses - water, sediment, fish tissue);

= AXYS Analytical Services Ltd. (chemical analyses);

*  Dr. Jack Zloty (benthic invertebrate taxonomy);

=  Flett Research Ltd. (non-lethal fish tissue analyses);

= HydroQual Laboratories Ltd. (toxicity testing);

=  NorthSouth Consultants Inc. (fish ageing);

=  University of Alberta Limnological Laboratory (chemical analyses for ASL component); and

=  Dr. John Gibson, University of Victoria (run-off estimates for ASL component).

Regional Aquatics Monitoring Program (RAMP) xlvii Final 2012 Technical Report



2012 IMPLEMENTATION TEAM

The RAMP Implementation Team for 2012 included the following personnel from Hatfield
Consultants Partnership (HCP), Kilgour and Associates Ltd. (KAL), and Western Resource

Solutions (WRS):

Program Director:

Program Manager/Fish Populations Manager:
Water and Sediment Quality Manager:

Water and Sediment Quality Assistant Manager:

Fish Populations Assistant Manager:

Climate and Hydrology Manager:

Climate and Hydrology Assistant Manager:
Benthic Invertebrate Communities Manager:

Acid-Sensitive Lakes Manager:

Additional Component Assistance:

Geomatics and Database

Document Production

Wade Gibbons (HCP)
Heather Keith (HCP)
Martin Davies (HCP)
Jasmin Gee (HCP)
Chris Briggs (HCP)
Steven Guenther (HCP)
Shane MacLeod (HCP)
Bruce Kilgour (KAL)
Daniel Andrews (WRS)
Jocelyn Beniuk (HCP)
Laura Beaudoin (HCP)
Dan Bewley (HCP)
Glen Bruce (HCP)
Anthony Francis (KAL)
Liza Hamilton (KAL)
Felicia Juelfs (HCP)
Tim Poulton (HCP)

Jim Johnson (HCP)
Chris Jaeggle (HCP)
Jason Van Rooyen (HCP)
Byron Littleton (HCP)
Ryan Martin (HCP)
Sarah Quesnelle (HCP)
Jenny Atamanik (HCP)
Kristy Wade (HCP)
Lise Galand (HCP)

Tim Rowe (HCP)
Jackie Porteous (HCP)
Colin Schwindt (HCP)
Wendy Taylor (HCP)
Xavier Pinto (HCP)
David Wilson (HCP)
Muluken Yeheyis (HCP)
Andrew Cuthbert (HCP)
John Galambos (HCP)
Zhanxun Lu (HCP)
Susan Stanley (HCP)
Jason Suwala (HCP)
Aneeqa Syed (HCP)
Tatyana Kovyneva (HCP)
Devon Wells (HCP)
Tania Pye (HCP)

Kim Behnke (HCP)

Regional Aquatics Monitoring Program (RAMP)

xlviii

Final 2012 Technical Report



EXECUTIVE SUMMARY

OVERVIEW

The Regional Aquatics Monitoring Program (RAMP) was initiated in 1997 in association with
mining development in the Athabasca oil sands region near Fort McMurray, Alberta. RAMP is an
industry-funded, multi-stakeholder initiative that monitors aquatic environments in the Regional
Municipality of Wood Buffalo. The intent of RAMP is to integrate aquatic monitoring activities so
that long-term trends, regional issues, and potential cumulative effects related to oil sands
development (surface mining and in situ extraction) can be identified and assessed. In 2012, RAMP
was funded by Suncor Energy Inc., Syncrude Canada Ltd., Shell Canada Energy, Canadian Natural
Resources Limited, Imperial Oil Resources, Nexen Inc., Husky Energy, Total E&P Canada Ltd.,
MEG Energy Corp., Dover Operating Corp., ConocoPhillips Canada, Devon Energy Corp., Teck
Resources Ltd., Cenovus Energy, Japan Canada Oil Sands Ltd., Statoil Canada Ltd., and
Hammerstone Corporation. Non-funding participants included municipal, provincial, and federal
government agencies, and one Aboriginal group.

The original Regional Municipality of Wood Buffalo boundary (pre-2012) in northeastern Alberta
represents the Regional Study Area (RSA) of RAMP. Within this area, a Focus Study Area (FSA)
has been defined and includes those parts of the following watersheds where oil sands and other
developments are occurring or planned:

=  Lower Athabasca River;

*  Major tributary watersheds/basins of the lower Athabasca River including the Clearwater
River, Christina River, Hangingstone River, Steepbank River, Muskeg River, MacKay
River, Ells River, Tar River, Calumet River, High Hills River, and Firebag River;

=  Select minor tributaries of the lower Athabasca River (McLean Creek, Mills Creek, Beaver
River, Poplar Creek, Fort Creek, Pierre River, Eymundson Creek, Red Clay Creek, and Big
Creek);

* Specific wetlands and shallow lakes in the vicinity of current or planned oil sands and
related developments; and

* A selected group of 50 regional acid-sensitive lakes.

The RAMP FSA also includes the Athabasca River Delta as the receiving environment of any oil
sands developments occurring in the Athabasca oil sands region.

RAMP incorporates both stressor- and effects-based monitoring approaches. Using impact
predictions from the various oil sands environmental impact assessments, specific potential
stressors have been identified that are monitored to document baseline conditions, as well as
potential changes related to development. Examples include specific water quality variables and
changes in water quantity. In addition, there is a strong emphasis in RAMP on monitoring
sensitive biological indicators that reflect the overall condition of the aquatic environment. By
combining both monitoring approaches, RAMP strives to achieve a more holistic understanding of
potential effects on the aquatic environment related to oil sands development.

The scope of RAMP focuses on the following key components of boreal aquatic ecosystems:

1. Climate and hydrology are monitored to provide a description of changing climatic
conditions in the RAMP FSA, as well as changes in the water level of selected lakes and in
the quantity of water flowing through rivers and creeks.
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2. Water quality in rivers, lakes and the Athabasca River Delta is monitored to assess the
potential exposure of fish and invertebrates to organic and inorganic chemicals.

3. Benthic invertebrate communities and sediment quality in rivers, lakes and the Athabasca
River Delta are monitored because they reflect habitat quality, serve as biological
indicators, and are important components of fish habitat.

4. Fish populations in rivers and select lakes are monitored as they are biological indicators
of ecosystem integrity and are a highly valued resource in the region.

5. Water quality in regional lakes sensitive to acidification is monitored as an early warning
indicator of potential effects related to acid deposition.

RAMP is funded by member companies that are constructing and operating oil sands projects in the
RAMP FSA. However, there are other companies that are constructing or operating oil sands projects,
but who are not members of RAMP. Therefore, the term “focal projects” is used in the RAMP 2012
Technical Report to define those projects owned and operated by the 2012 industry members of
RAMP listed above that were under construction or operational in 2012 in the RAMP FSA. For 2012,
these projects included a number of oil sands projects and a limestone quarry project.

2012 RAMP industry members do have other projects in the RAMP FSA that were in the application
stage as of 2012, or had received approval in 2012 or earlier, but construction had not yet started as of
2012. These projects are noted throughout this technical report, but are not designated as focal
projects, as these projects in 2012 would not have contributed to any possible influences on aquatic
resources covered by RAMP components.

The term “other oil sands developments” is used in the RAMP 2012 Technical Report to define those
oil sands projects operated by non-RAMP members located within the RAMP FSA.

A weight-of-evidence approach is used for the analysis of RAMP data by applying multiple
analytical methods to interpret results and determine whether any changes have occurred due to
focal projects and other oil sands developments. The analysis:

= is conducted at the watershed/river basin level, with an emphasis on watersheds in which
development has already occurred, as well as the lower Athabasca River at the regional
level;

* uses a set of measurement endpoints representing the health and integrity of valued
environmental resources within the component; and

* uses specific criteria (criteria used in focal project EIAs, AESRD and CCME water quality
and sediment quality guidelines, generally-accepted EEM effects criteria) for determining
whether or not a change in the measurement endpoints has occurred and is significant
with respect to the health and integrity of valued environmental resources.

The RAMP 2012 Technical Report uses the following definitions for monitoring status:

= Test is the term used in this report to describe aquatic resources and physical locations
(i.e., stations, reaches) downstream of a focal project; data collected from these locations
are designated as test for the purposes of analysis, assessment, and reporting. The use of
this term does not imply or presume that effects are occurring or have occurred, but
simply that data collected from these locations are being tested against baseline conditions
to assess potential changes; and

* Baseline is the term used in this report to describe aquatic resources and physical locations
(i.e., stations, reaches, data) that are (in 2012) or were (prior to 2012) upstream of all focal
projects; data collected from these locations are to be designated as baseline for the
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purposes of data analysis, assessment, and reporting. The terms test and baseline depend
solely on location of the aquatic resource in relation to the location of the focal projects to
allow for long-term comparison of trends between baseline and test stations.

Satellite imagery was used in 2012 in conjunction with more detailed maps of Athabasca oil sands
operations provided by a number of RAMP industry members to estimate the type, location, and
amount of land changed by focal projects and other development activities. As of 2012, it is
estimated that approximately 105,700 ha of the RAMP FSA had undergone land change from focal
projects and other oil sands developments. The percentage of the area of watersheds with land
change as of 2012 varies from less than 1% for many watersheds (MacKay, Christina, Hangingstone,
Horse, and Firebag rivers), to 1% to 5% for the Calumet, Ells, Poplar, and Steepbank watersheds, to
5% to 10% for the Upper Beaver watershed, to more than 10% for the Muskeg River, Fort Creek, Mills
Creek, Tar River, Shipyard Lake, and McLean Creek watersheds, as well as for the smaller Athabasca
River tributaries from Fort McMurray to the confluence of the Firebag River.

ASSESSMENT OF 2012 MONITORING RESULTS

A tabular summary of the 2012 results by watershed and component is presented at the end of this
Executive Summary.

Lower Athabasca River and Athabasca River Delta

Hydrology The mean open-water period (May to October) discharge, open-water minimum daily
discharge, annual maximum daily discharge, and mean winter discharge calculated from the
observed fest hydrograph were 0.6%, 1.8%, 0.3% and 1.0% lower, respectively, than from the
estimated baseline hydrograph. These differences were classified as Negligible-Low. The results of
the hydrologic assessment were essentially identical to results for the case in which focal projects
plus other oil sands developments were considered.

Water Quality Differences in water quality in fall 2012 at all stations in the Athabasca River were
classified as Negligible-Low compared to the regional baseline conditions, with the exception of the
test station at the Muskeg River, on the east bank of the Athabasca River, which showed Moderate
differences from regional baseline conditions due to high concentrations of TSS, organic carbon,
nutrients, and associated particulate metals. Concentrations of water quality measurement
endpoints at the fest stations were generally similar to those at the upstream baseline stations at
Donald Creek, on the east and west banks of the Athabasca River, and consistent with regional
baseline conditions. Concentrations of total aluminum exceeded guidelines at all stations, while
total boron showed an increasing trend at the test station downstream of all development, on the
west bank of the Athabasca River, and both test stations at the Muskeg River, on the east and west
banks of the Athabasca River.

Benthic Invertebrate Communities and Sediment Quality Benthic invertebrate communities were
monitored at four locations in the Athabasca River Delta (ARD) in fall 2012:

1. Differences in measurement endpoints for benthic invertebrate communities in the
Athabasca River Delta in Big Point Channel were classified as Moderate because there was
an increase in equitability over time and abundance and richness were lower in 2012
compared to previous sampling years. In addition, abundance was extremely low in 2012
and lower than the range of historical conditions for all ARD reaches.

2. Differences in measurement endpoints for benthic invertebrate communities in Fletcher
Channel were classified as High because of significant decreases in abundance and
Correspondence Analysis (CA) Axis 2 scores over time and lower abundance, richness,
diversity, and equitability in 2012 compared to the mean of previous sampling years. In
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addition, abundance, richness, percent EPT (Ephemeroptera, Plecoptera, Trichoptera),
equitability, and CA Axis 2 scores were outside the range of historical conditions for all
ARD reaches. Abundance was much lower in 2012 compared to all previous years.

3. Differences in measurement endpoints for benthic invertebrate communities in Goose
Island Channel were classified as Moderate because the CA Axis 2 scores showed a
significant difference in 2012, reflecting a potential decrease in relative abundances of
bivalves and gastropods. Mean values of all other measurement endpoints were within
previously-measured values for this reach and within the range of historical conditions for
the ARD.

4. Differences in measurement endpoints for benthic invertebrate communities in the
Embarras River were classified as Moderate because richness and the percentage of the
fauna as EPT taxa significantly decreased over time. In addition, Ephemeroptera were
absent, although the benthic fauna was still considered to be in relatively good condition.

Total abundance of benthic invertebrate communities in all four channels of the ARD was
negatively correlated with percent substrate as sand. The higher sand content in 2012 in the
channels of the ARD was likely related to high discharge events in 2012 prior to the fall sampling
period, potentially flushing finer sediments and associated benthos. Although the statistical
analyses classified the differences in measurement endpoints as Moderate (Big Point Channel,
Goose Island Channel, Embarras River) and High (Fletcher Channel), the differences in the
composition of benthic fauna may be related to natural conditions. Monitoring in subsequent years
will be useful to further understand the causes of variation in composition of the benthic
invertebrate communities in the channels of the ARD.

In fall 2012, sediment quality in channels of the ARD generally exhibited coarser characteristics
with lower organic carbon and hydrocarbon concentrations, than in recent years. All stations were
predominantly composed of sand, with the exception of the Embarras River where silt was
dominant. Concentrations of sediment quality measurement endpoints at all five stations in the
ARD showed concentrations that were generally similar to previously-measured concentrations.
PAHs at all stations in fall 2012 were dominated by alkylated species, indicating a petrogenic
origin of these compounds. From 1999 to 2010, an increase in concentrations of total PAHs was
observed in Big Point Channel, although this trend was not evident in concentrations of carbon-
normalized total PAHs. In fall 2012, the concentration of total PAHs in Big Point Channel was
lower than the previously-measured minimum concentration. With the exception of the station on
the Athabasca River at the confluence with the Embarras River, all stations in the ARD exhibited a
decrease in TOC and total PAHs in fall 2012 relative to fall 2011, likely associated with the coarser
substrate observed at all stations. The PAH Hazard Index for the Embarras River was above the
potential chronic toxicity threshold value of 1.0 but below 1.0 at all other stations. Acute toxicity
data for sediments exceeded previously-measured maximum values for Hyalella survival in Big
Point Channel and Chironomus survival at the station on the Athabasca River at the confluence with
the Embarras River. Samples collected from Fletcher Channel showed historically low growth of
Chironomus relative to previously-measured minimum concentrations. SQI values for all stations
indicated Negligible-Low differences from regional baseline conditions.

Fish Populations (fish inventory) As outlined in the RAMP Design and Rationale document, the
Athabasca River fish inventory is generally considered to be a community-driven activity,
primarily used for assessing general trends in abundance and populations variables for large-
bodied species, rather than detailed community structure.

As of 2012, current and historical fish inventory data from the Athabasca River indicated species-
specific variability in relative abundance, age-frequency distributions, and condition of fish among
years. There has been a significant increase in the catch and CPUE of goldeye in the last two years
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(i.e., 2011 and 2012), which could be related to an increase in recruitment during the calm, warm
spring seasons in the last two years in the lower Athabasca River. However, it is important to note
that the despite the increase in goldeye in the river, the absolute abundances of other KIR species
has not concomitantly decreased. More data are necessary to determine any trends and evaluate
the cause of the increase in goldeye numbers.

The fish health assessment indicated that abnormalities observed in 2012 in all species were within
the historical range and consistent with studies done prior to the major oil sands development in
the upper Athabasca River, the ARD, and the Peace and Slave rivers.

Muskeg River Watershed

Hydrology The calculated mean open-water discharge and the annual maximum daily discharge
were 52% and 6.8% lower in the observed test hydrograph than in the estimated baseline
hydrograph, respectively. These differences were classified as Moderate. The calculated mean
winter discharge and the open-water period minimum daily discharge were 140.3% and 34.8%
higher in the observed test hydrograph than in the estimated baseline hydrograph, respectively.
These differences were classified as High.

Water Quality Concentrations of many water quality measurement endpoints at the upper baseline
station of Jackpine Creek were outside previously-measured concentrations and exceeded the 95t
percentile of regional baseline conditions. Concentrations of water quality measurement endpoints
at other locations of the Muskeg River watershed in fall 2012 were frequently within the range of
previously-measured concentrations and generally consistent with regional baseline conditions.
Differences in water quality in fall 2012 at all stations in the Muskeg River watershed compared to
regional baseline water quality conditions were Negligible-Low, with the exception of the upper
baseline station of Jackpine Creek and the test station of lyinimin Creek, which had Moderate
differences from regional baseline conditions.

Benthic Invertebrate Communities and Sediment Quality Benthic invertebrate communities were
monitored at five test reaches in the Muskeg River watershed in fall 2012:

1. Differences in values of measurement endpoints for benthic invertebrate communities at
the lower fest reach of the Muskeg River were classified as Moderate because there was a
significant increase in total abundance and CA Axis 1 and 2 scores over time and
significant differences in abundance, EPT taxa, and CA Axis 1 and 2 scores in 2012 relative
to previous sampling years. The benthic invertebrate community; however, appeared to be
in good condition, with high relative abundances of chironomids and mayflies and the
presence of caddisflies and stoneflies. The percentage of the fauna as worms (tubificids
and naidids) was relatively similar to previous years indicating no significant change in
the quality of the habitat.

2. Differences in measurement endpoints for benthic invertebrate communities at the middle
test reach of the Muskeg River were classified as Negligible-Low because all benthic
measurement endpoints were within the range of variation for depositional baseline
reaches and there was no evidence of a negative change over time in any measurement
endpoints.

3. Differences in measurement endpoints for benthic invertebrate communities at the upper
test reach of the Muskeg River were classified as Negligible-Low because all benthic
measurement endpoints were within the range of variation for depositional baseline
reaches. In addition, there was little evidence of any negative changes and the relative
abundance of tubificids were lower than 2011.
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4. Differences in measurement endpoints for benthic invertebrate communities at the lower
test reach of Jackpine Creek were classified as Negligible-Low because although there
were significant differences from the upper baseline reach (i.e., higher CA Axis 1 scores,
abundance, and richness at the lower reach), the differences were not indicative of
degraded habitat quality at the lower test reach. The strong statistical signal in CA Axis 1
scores was due to a lower abundance of tubificids in 2012 at the lower test reach,
suggesting good habitat quality. The presence of sensitive taxa including mayflies,
caddisflies, clams, and snails, also suggested that the lower test reach of Jackpine Creek
had a benthic fauna indicative of good depositional habitat conditions.

5. Differences in measurement endpoints for benthic invertebrate communities in Kearl Lake
were classified as Moderate because of the significant decrease in percent EPT (i.e.,
particularly mayflies and caddisflies) and the increase in CA Axis scores compared to the
period when Kearl Lake was designated as baseline. However, the benthic invertebrate
community contained a diverse fauna and included several taxa that were typically
associated with relatively good water and sediment quality in lakes (e.g., the mayfly Caenis
and caddisflies). The relative abundance of ostracods, which has decreased since 2011, was
still high compared to baseline lakes in the RAMP FSA and all measurement endpoints
were within the range of values reported during the baseline period for Kearl Lake, with
the exception of diversity. Simpson’s Diversity was higher in 2012 than in the baseline
period, indicating good or better habitat quality.

Sediment quality at all Muskeg River watershed stations sampled in fall 2012 was generally
consistent with that of previous years and regional baseline conditions. Concentrations of total
PAHs at these stations were within previously-measured concentrations, with a few exceptions
where PAH concentrations were below previously-measured minimum concentrations.
Differences in sediment quality in fall 2012 at all applicable stations in the Muskeg River watershed
were assessed as Negligible-Low compared to regional baseline conditions.

Fish Populations (fish assemblages) Differences in measurement endpoints for fish assemblages
between the lower fest reach of the Muskeg River and regional baseline conditions were classified as
Negligible-Low given that most measurement endpoints were within the regional range of
variation of baseline reaches. Differences in measurement endpoints for fish assemblages between
the middle and upper test reaches of the Muskeg River and regional baseline conditions were
classified as Moderate because all measurement endpoints were outside the range of variation for
baseline depositional reaches. Differences in measurement endpoints for fish assemblages between
the lower test reach of Jackpine Creek and regional baseline conditions were classified as Moderate
because all measurement endpoints were below the regional range of variation of baseline reaches,
likely related to the high flows observed in fall 2012.

Fish Populations (sentinel species) Given the small sample size of slimy sculpin captured at the
lower test site of the Muskeg River, it was not possible to make statistical comparisons or compare
the results to the effects criteria to provide a classification of results.

Steepbank River Watershed

Hydrology The calculated mean open-water discharge, mean winter discharge, annual maximum
daily discharge, and open-water minimum daily discharge were 0.31%, 0.32%, 0.32%, and 0.26%
greater, respectively, in the observed fest hydrograph than in the estimated baseline hydrograph.
These differences were classified as Negligible-Low.

Water Quality Concentrations of many water quality measurement endpoints in the Steepbank
River watershed in fall 2012 were higher than previously-measured concentrations, particularly at
the test station of the North Steepbank River and the upper baseline station of the Steepbank River.
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When compared with regional baseline conditions, concentrations of water quality measurement
endpoints were generally consistent and within the regional range. The ionic composition at all
water quality monitoring stations in the Steepbank River watershed in fall 2012 was similar to
previous years. Differences in water quality in fall 2012 compared to regional baseline water quality
conditions were classified as Negligible-Low for all stations in the Steepbank River watershed.

Benthic Invertebrate Communities Differences in measurement endpoints for the benthic
invertebrate community at the lower fest reach of the Steepbank River were classified as Moderate
because total abundance, percent EPT, and CA Axis 1 and 2 scores were significantly lower at the
lower test reach than the upper baseline reach. The benthic invertebrate community; however, was
diverse and although it was dominated by somewhat tolerant tubificids, many other taxa were
noted that require cool, clean water and not suggesting any degradation of habitat conditions at
this reach.

Fish Populations (fish assemblages) Differences in measurement endpoints for fish assemblages
in fall 2012 between the lower test reach of the Steepbank River and regional baseline conditions
were classified as Negligible-Low with all values of measurement endpoints within the range of
regional baseline variability.

Fish Populations (sentinel species) The number of varying exceedances of effects criteria for slimy
sculpin at test site SR-E compared to each baseline site suggests there was substantial variability in
slimy sculpin populations among baseline sites, likely related to variability in habitat conditions.
Accordingly, to minimize the range of baseline variability, the classification of results focused on
comparisons between the lower (fest) and upper (baseline) Steepbank River sites given both sites are
part of the same river system and; therefore, share similar habitat characteristics. Based on the
results of the 2012, which provided inconsistent response patterns in energy use (growth and
gonadosomatic index [GSI]) in female and male slimy sculpin at the test site of the Steepbank River,
the differences from the baseline site were classified as Negligible-Low. Although the lower GSI
could be indicative of a negative change, the higher growth of slimy sculpin at the test site was not
indicative of a negative change and could suggest an increase in food resources at this site.

Tar River Watershed

Hydrology The calculated mean open-water period discharge, annual maximum daily discharge,
and open-water minimum daily discharge were 28.0% lower in the observed test hydrograph than
in the estimated baseline hydrograph. These differences were classified as High.

Water Quality Differences in water quality observed in fall 2012 between stations on the Tar River
and regional baseline fall conditions were classified as Negligible-Low. Most water quality
measurement endpoints at the lower test station and upper baseline station of the Tar River were
within the range of previously-measured concentrations and were consistent with regional baseline
concentrations. Higher concentrations of several ions (e.g., Ca, Ng, Na, P, Cl, SO4) shifted the ionic
composition of the lower fest station to conditions with a greater anion contribution by chloride
and sulphate.

Benthic Invertebrate Communities and Sediment Quality Differences in measurement endpoints
for benthic invertebrate communities at the lower fest reach of the Tar River were classified as
Negligible-Low because although there were significant differences in measurement endpoints
over time, the differences were not in a direction consistent with a negative change but rather
suggested improvements in habitat quality and species diversity compared to previous years.
Mean values of measurement endpoints for benthic invertebrate communities at both reaches of
the Tar River were within the range of regional baseline conditions. Differences in sediment quality
observed in fall 2012 between the lower fest station of the Tar River and regional baseline conditions
were classified as Negligible-Low. Concentrations of sediment quality measurement endpoints
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were within previously-measured concentrations in fall 2012, including total PAHs and predicted
PAH toxicity; however, concentrations of benz[a]anthracene and benzo[a]pyrene represented
maximum concentrations for the lower test station and also exceeded CCME guidelines.

Fish Populations Differences in measurement endpoints for fish assemblages between the lower
test reach of the Tar River and regional baseline conditions were classified as Negligible-Low
because although the Assemblage Tolerance Index (ATI) value exceeded the regional range of
variation for baseline reaches, the exceedance was not in a direction consistent with a negative
change. The ATI value was lower indicating that sensitive species in greater abundance were
present at this reach compared to the range of regional baseline conditions.

MacKay River Watershed

Hydrology The 2012 WY mean winter and open-water period discharge, annual maximum daily
discharge, and open-water minimum daily discharge calculated from the observed test hydrograph
were 0.004% lower from the estimated baseline hydrograph; these differences were classified as
Negligible-Low.

Water Quality Differences in water quality in fall 2012 at the lower test and upper baseline stations
of the MacKay River relative to regional baseline water quality conditions were classified as
Negligible-Low, while differences in water quality at the middle fest station of the MacKay River
was classified as Moderate, likely due to very high flow conditions at the time of sampling, which
resulted in high total suspended solids and total metals that are associated with particulates.

Benthic Invertebrate Communities Differences in measurement endpoints for benthic invertebrate
communities at the lower test reach of the MacKay River were classified as Moderate because there
was a decrease in EPT taxa below regional baseline conditions and significantly lower abundance of
EPT taxa at the lower fest reach compared to the upper baseline reach. In addition, CA Axis 1 scores
were significantly lower at the lower test reach in 2012 compared to the upper baseline reach
reflecting a difference in taxa composition, with fewer water mites. Differences in measurement
endpoints for benthic invertebrate communities at the middle test reach of the MacKay River were
classified as Moderate because the CA Axis 1 scores were significantly lower compared to the
upper baseline reach.

Fish Populations Differences in measurement endpoints for fish assemblages between the lower
and middle fest reaches of the MacKay River and regional baseline conditions were classified as
Negligible-Low given there were was only one measurement endpoint for the lower test reach that
exceeded the regional range of variation of baseline reaches. The increase in ATI at the lower test
reach was due to the dominance of trout-perch captured at this reach, which has a high tolerance
value.

Calumet River Watershed

Hydrology For the 2012 WY, the mean open-water season discharge, annual maximum daily
discharge, and open-water minimum daily discharge were estimated to be 0.2% lower than from
the estimated baseline hydrograph; these differences were classified as Negligible-Low.

Water Quality In fall 2012, water quality at the lower fest station and upper baseline station of the
Calumet River showed Negligible-Low differences from regional baseline conditions.
Concentrations of all water quality measurement endpoints at the lower test station and the upper
baseline station were within the range of regional baseline concentrations in fall 2012. The ionic
composition of water at the lower test station was consistent with previous years, and the ionic
composition of the upper baseline station appeared to have returned to its historical range
following a deviation in fall 2010.
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Benthic Invertebrate Communities and Sediment Quality Differences in measurement endpoints
for benthic invertebrate communities at the lower test reach of the Calumet River were classified as
Negligible-Low because although there were significant differences in measurement endpoints
compared to the upper baseline reach (e.g., higher diversity, EPT taxa, and lower equitability at the
lower test reach), these differences were generally not in a direction consistent with a negative
change or degraded habitat quality. In addition, mean values of measurement endpoints were
within the range of variation for baseline depositional reaches and the benthic invertebrate
ommunity at the lower fest reach of the Calumet River was considered diverse and supported by
good water quality. The benthic invertebrate community at the upper baseline reach was somewhat
unusual relative to previous sampling years. The benthic invertebrate community was heavily
dominated by nematodes and copepods, while several groups typically observed were not found
in 2012 (e.g., Chaoboridae, Bivalvia, Ceratopogonidae). Concentrations of sediment quality
measurement endpoints at both stations of the Calumet River in fall 2012 were generally within the
range of previously-measured concentrations, with both stations comprised almost exclusively of
sand substrate, with low concentrations of total organic carbon. Direct measurements of sediment
toxicity indicated a survival 270% at both stations. Differences in sediment quality observed in fall
2012 between the upper baseline station and regional baseline conditions were classified as
Negligible-Low. Differences in sediment quality between the lower test station of the Calumet
River and regional baseline conditions were classified as Moderate.

Fish Populations Differences in measurement endpoints for fish assemblages between the lower
test reach of the Calumet River and regional baseline conditions were classified as Negligible-Low
given that all measurement endpoints were within the regional range of variation of baseline
reaches.

Firebag River Watershed

Hydrology The 2012 WY mean winter and open-water period discharge, annual maximum daily
discharge, and open-water minimum daily discharge calculated were 0.1% lower in the observed
test hydrograph than in the estimated baseline hydrograph. These differences were classified as
Negligible-Low. Water levels recorded for McClelland Lake, were, with the exception of a short
period in November 2011 and May 2012, below the historical minimum for the duration of the
2012 WY.

Water Quality In fall 2012, water quality at the lower fest and upper baseline stations of the Firebag
River showed Negligible-Low differences from regional baseline water quality conditions. The
ionic composition of water in fall 2012 at both Firebag River stations and McClelland Lake was
consistent with previous sampling years. Concentrations of most water quality measurement
endpoints at the lower fest and upper baseline stations of the Firebag River were within the range of
regional baseline concentrations in fall 2012. Concentrations of water quality measurement
endpoints for McClelland and Johnson Lake were not compared to regional baseline conditions
given the ecological differences between lakes and rivers. Many water quality measurement
endpoints, primarily ions and select metals, exceeded previously-measured maximum
concentrations at all stations in the Firebag River watershed.

Benthic Invertebrate Communities and Sediment Quality Differences in measurement endpoints
for benthic invertebrate communities of McClelland Lake in 2012 were classified as Negligible-
Low because total abundance was higher in the test period than the baseline period and although
the percentage of fauna as EPT taxa was lower in 2012 than the mean of previous sampling years, it
was consistent to 2002, 2003, and 2010. CA Axis 1 scores were significantly different from the
baseline period and CA Axis 2 scores were different in 2012 than all previous sampling years;
however, the composition of the community in terms of relative abundances, included fully
aquatic forms and generally sensitive taxa including the mayfly Caenis and the caddisfly Mystacides
suggesting that the community of McClelland Lake was still in good condition and generally
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similar to baseline conditions. The benthic invertebrate community Johnson Lake was indicative of
good water and sediment quality conditions due to a the large relative abundance of permanent
aquatic forms such as Amphipoda and bivalve clams, the presence of relatively sensitive and large
aquatic insect larvae (Ephemeroptera: Caenis), and a low relative abundance of worms.
Concentrations of sediment quality measurement endpoints for McClelland Lake frequently
deviated from historical ranges in fall 2012, generally with lower concentrations of hydrocarbons.
The coarser sediment composition and lower total organic carbon content observed in fall 2012
were likely a result of sampling variability and caused concentrations of total metals (normalized
to percent fines) and total PAHs (normalized to total organic carbon) to exceed previously-
measured maximum concentrations for this lake. Sediment toxicity to invertebrates was within
previously-measured ranges for McClelland Lake. Fall 2012 represented the second year of
sampling in Johnson Lake; sediment quality in Johnson Lake was generally similar to McClelland
Lake, but had higher concentrations of hydrocarbons and total metals.

Ells River Watershed

Hydrology The mean winter discharge (November to March) was 0.01% lower in the observed test
hydrograph than in the estimated baseline hydrograph. This difference was classified
as Negligible-Low. The calculated mean open-water discharge (May to October), the annual
maximum daily discharge, and the open-water minimum daily discharge were 0.05% higher in the
observed test hydrograph than in the estimated baseline hydrograph. These differences were
classified as Negligible-Low.

Water Quality Differences in water quality in fall 2012 between the Ells River and regional baseline
fall conditions were classified as Negligible-Low. Water quality conditions were consistent with
previous years at the lower and middle test stations, and were within the range of previously-
measured concentrations and regional baseline conditions. Water quality at the upper baseline
station in fall 2012 was similar to that at the other two stations and consistent with results since it
was first sampled in 2010.

Benthic Invertebrate Communities and Sediment Quality Differences in measurement endpoints
for benthic invertebrate communities at the lower fest reach of the Ells River were classified as
Moderate because of the significant decrease in Simpson’s Diversity and percent EPT taxa in 2012
compared to previous years, and a decrease in percentage of fauna as EPT taxa over time.
Additionally, Simpson’s Diversity was also lower than the range of baseline conditions for
depositional reaches. Habitat at the lower test reach was of marginal quality for benthic
invertebrate communities. The low diversity, high relative abundance of tubificid worms (>60% in
2012), absence of caddisflies and stoneflies, and low relative abundance of mayflies were indicative
of an environment that was somewhat limiting to depositional fauna. Differences in measurement
endpoints for benthic invertebrate communities at the middle test reach of the Ells River were
classified as Moderate because there was a significant difference in abundance, richness,
equitability, percent EPT, and CA Axis 1 and 2 scores between this reach and the upper baseline
reach. In addition, abundance, and percent EPT were higher and lower, respectively at the middle
test reach than the regional baseline range. Differences in sediment quality observed in fall 2012
between the lower test station of the Ells River and regional baseline conditions were classified as
Moderate, and likely related to the exceedance of chrysene from previously-measured
concentrations, and the concentration of total PAHs, which exceeded the regional baseline range. In
addition, guideline exceedances were observed in concentrations of Fraction 2 and Fraction 3
hydrocarbons, pyrene, chrysene, and the potential chronic toxicity threshold.

Fish Populations Differences in fish assemblages observed in fall 2012 between both test reaches of
the Ells River and regional baseline conditions were classified as Negligible-Low with all mean
values of measurement endpoints within the range of regional baseline variability.
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Clearwater River Watershed

Hydrology There was no land change in the Clearwater River watershed related to focal projects
and other oilsands development in 2012. Accordingly, no assessment of current versus baseline
hydrologic conditions was warranted.

Water Quality In fall 2012, water quality at the baseline station of the High Hills River indicated
Negligible-Low differences from regional baseline conditions. Water quality at the fest and baseline
stations on the Clearwater River indicated Moderate differences from regional baseline water
quality conditions, with concentrations of several water quality measurement endpoints exceeding
the range of previously-measured concentrations and the range of regional baseline conditions
in 2012.

Benthic Invertebrate Communities and Sediment Quality The benthic invertebrate community at
the baseline reach of the High Hill River was diverse, including a high percentage of chironomids
and EPT taxa that reflected good water quality. High Hills River was used as a regional baseline
reach for comparisons to test reaches in the RAMP FSA. Sediment quality monitoring was not
conducted on the High Hills River given it is an erosional river.

Fish Populations (fish inventory) Total fish captured in the Clearwater River during the fall fish
inventory has varied across years, which can be partially attributed to variability in discharge. In
lower flow years, the amount of available fish habitat and the accessibility of the river is limited.
Species richness across reaches in spring 2012 was higher than previous years, with the exception
of 2007 and 2008. Species richness in fall 2012 was also higher than previous sampling years.
Species richness at the test reach was generally consistent to the baseline reaches across years for
spring and summer. In fall, species richness was generally higher in the baseline reaches than the
test reach. The relative abundance of fish species in the Clearwater River was variable without any
clear trends observed over time. Similarly, there has been no marked shift in species dominance
from year to year. Additionally, there have been no significant differences in condition of large-
bodied KIR fish species in the test reach of the Clearwater River when compared to baseline data. It
is important to note; however, that condition cannot necessarily be attributed to the environmental
conditions in the capture location, as these fish populations are highly migratory throughout the
region.

Fish Populations (fish tissue) Measurement endpoints used in the assessment included metals and
tainting compounds in both individual and composite samples. In 2012, the mean concentration of
mercury in northern pike was lower than in previous sampling years, with the exception of 2009.
The mercury concentration in size classes of northern pike greater than 550 mm exceeded the
subsistence fishers guideline for consumption, indicating a High risk to subsistence fishers and a
Moderate risk to general consumers.

Fish Populations (fish assemblages) The fish assemblage at the baseline reach on the High Hills
River was generally consistent with other baseline erosional reaches, with a much higher proportion
of slimy sculpin. This species is typical of riffle habitat with faster flowing water and as noted above,
is a sensitive species, which likely contributed to the lower ATI value observed for this reach.

Christina River Watershed

Hydrology The calculated mean open-water season (May to October) discharge, annual maximum
daily discharge, and open-water minimum discharge of the Christina River during the 2012 WY
were 0.04% greater in the observed test hydrograph than in the estimated baseline hydrograph.
These differences were classified as Negligible-Low. The mean winter discharge was 0.11% lower
in the observed test hydrograph than in the estimated baseline hydrograph. This difference was
classified as Negligible-Low.
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Water Quality In fall 2012, water quality at fest stations on the lower Christina River, Jackfish
River, Sawbones Creek, and Sunday Creek indicated Negligible-Low differences from regional
baseline conditions. Water quality at the upper test station of the Christina River indicated High
differences from regional baseline water quality conditions. Concentrations of several water quality
measurement endpoints (e.g., total and dissolved metals) were outside the range of previously-
measured concentrations and regional baseline conditions in fall 2012 at the upper test station of the
Christina River.

Benthic Invertebrate Communities and Sediment Quality Differences in measurement endpoints
for benthic invertebrate communities at the lower fest reach of the Christina River were classified
as Moderate because abundance, richness, and the percentage of EPT taxa were lower in 2012
compared to previous years and diversity and abundance were below the range of variation for
baseline depositional reaches. The benthic invertebrate community at the lower test reach has
consistently been dominated by tubificid worms over time suggesting that the observed differences
in 2012 may be due to natural variation. The reach also contained stoneflies (Plecoptera) suggesting
reasonably good habitat quality. Differences in measurement endpoints for benthic invertebrate
communities at the upper test reach of the Christina River were classified as Negligible-Low
because the significantly higher percentage of EPT taxa in the test period compared to the baseline
period was not consistent with a negative change. Differences in measurement endpoints for
benthic invertebrate communities at the test reaches of Sawbones Creek, Sunday Creek, and
Jackfish River were classified as Negligible-Low because almost all measurement endpoints
including the CA Axis scores were either within or above regional baseline conditions. Differences
in measurement endpoints for the benthic invertebrate community of Christina Lake in fall 2012
were classified as Negligible-Low given that the lake contained a diverse benthic fauna including
several permanently aquatic forms (e.g., clams, snails, amphipods), as well as several large aquatic
insects (mayflies and caddisflies). In fall 2012, concentrations of sediment quality measurement
endpoints at both stations of the Christina River were generally lower than previously-measured
concentrations and a decreasing trend in concentrations of total PAHs was observed over time at
the lower test station. Concentrations of sediment quality measurement endpoints at stations on
tributaries to Christina Lake (i.e., Sawbones and Sunday creeks) were within regional baseline
conditions. Sediment quality in fall 2012 showed Negligible-Low differences at all stations in the
Christina River watershed, excluding Christina Lake, from regional baseline conditions.

Fish Populations (fish assemblages) Differences in measurement endpoints for fish assemblages
between the lower and upper test reaches of the Christina River and regional baseline conditions
were classified as Negligible-Low because only abundance at the lower test reach was below the
range of variation for regional baseline reaches. The lower catch was likely due to difficulties in
effectively sampling the river in high water conditions in fall 2012. Regional information for this
part of the RAMP FSA was limited; therefore, comparisons to regional baseline conditions were
made with areas further to the north (i.e., reaches sampled by RAMP to the north of Fort
McMurray). Differences in measurement endpoints for fish assemblages between the fest reach of
Sunday Creek and regional baseline conditions were classified as Negligible-Low because although
the ATI was lower than regional baseline conditions, this difference was indicative of more sensitive
species captured and not consistent with a negative change. Differences in measurement endpoints
for fish assemblages between the test reach of Jackfish River and regional baseline conditions were
classified as Negligible-Low because all measurement endpoints were within regional baseline
range of variation. Differences in measurement endpoints for fish assemblages between the fest
reach of Sawbones Creek and regional baseline conditions were classified as Moderate because
three of the four measurement endpoints were below the 5% percentile of regional baseline
conditions. Given that historical data were limited for Sawbones Creek, a more complete
assessment of fish assemblages in this creek will be conducted in fall 2013, once two years of data
are acquired. A total of 784 fish from nine species were captured using the three methods during
the fish assemblage survey in Christina Lake in summer 2012. Two species captured during the
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RAMP 2012 survey had not been previously documented in either Christina Lake or its tributaries,
including the lowa darter (Etheostoma exile) and northern redbelly dace (Phoxinus eos).

Fish Populations (fish tissue) Mercury concentrations in northern pike and walleye from Gregoire
Lake in 2012 were below any Health Canada consumption guidelines indicating a Negligible-Low
risk to human health. Mercury concentrations in fish from Gregoire Lake were near the lower end
of the historical range of mercury concentrations in fish sampled from other regional lakes.

Hangingstone River Watershed

Hydrology The calculated mean open-water period discharge, annual maximum daily discharge,
and open-water minimum daily discharge were 0.05% lower in the observed test hydrograph than
in the estimated baseline hydrograph. These differences were classified as Negligible-Low.

Pierre River Area

Water Quality Differences in water quality in fall 2012 between the baseline stations of Big Creek,
Pierre River, Red Clay Creek, and Eymundson Creek and regional baseline fall conditions were
classified as Negligible-Low. The baseline station on Eymundson Creek differed from the other
stations in its ionic composition, with a higher concentration of sulphate and less bicarbonate,
which may suggest greater groundwater influence at this station.

Miscellaneous Aquatic Systems

Isadore’s Lake and Mills Creek The calculated mean open-water discharge, minimum daily
discharge, annual maximum daily discharge, and mean winter discharge were 37.2% lower in the
observed fest hydrograph than in the estimated baseline hydrograph for Mills Creek. These
differences were classified as High.

In the 2012 WY, lake levels of Isadore’s Lake generally decreased from November 2011 to early
March 2012, with levels in November and December near historical median values and levels from
January to late March varying between the historical minimum and lower-quartile values. Lake
levels increased during freshet in late March and April followed by decreasing levels until mid-
May. Lake levels increased from late May through July in response to rainfall events, and generally
remained between the historical maximum and upper quartile values until the end of the 2012 WY.

Differences in water quality in fall 2012 between Mills Creek and regional baseline conditions were
classified as Moderate, likely due to relatively high concentrations of many ions and other
dissolved species that exceeded the 95t percentile of regional baseline concentrations. The ionic
compositions of test stations on Isadore’s Lake and Mills Creek showed many similarities,
supporting the idea that historical changes in water quality at Isadore’s Lake may have occurred as
a result of receiving water from Mills Creek.

Differences in measurement endpoints for the benthic invertebrate community of Isadore’s Lake
were classified as Negligible-Low because the significant (though subtle) increase in percent EPT
over time and the higher percent EPT in 2012 than the mean of previous years does not suggest
degrading conditions. The percentage of fauna as EPT has always been <1% (normally EPT are
absent), but in 2012 EPT taxa accounted for about half a percent of the fauna. Further, all
measurement endpoints were within the range of historical values for the lake. Historically,
Isadore’s Lake has had a unique benthic invertebrate community compared to other lakes in the
area, having low diversity and high abundance of nematodes. While there has been very little
negative change over time, the benthic invertebrate community in Isadore’s Lake has been
representative of a degraded system since sampling was initiated in 2006. Concentrations of most
sediment quality measurement endpoints in fall 2012 in Isadore’s Lake were within previously-
measured concentrations with only a few exceptions (i.e., carbon-normalized PAHs and
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naphthalene). The SQI was not calculated for lakes in 2012 due to potential ecological differences in
regional sediment quality characteristics between lakes and rivers.

Shipyard Lake Concentrations of most water quality measurement endpoints in fall 2012 at the fest
station of Shipyard Lake were within previously-measured concentrations with only a few
exceptions (i.e.,, magnesium and total aluminum). The ionic composition of water of Shipyard Lake
continued to exhibit an increase in sodium and chloride concentrations relative to historical
concentrations, perhaps due to reduced surface-water inflow and increased groundwater influence
in the lake associated with focal projects in the upper portion of the Shipyard Lake watershed (the
upper 93% of the Shipyard Lake watershed has been disturbed). A WQI was not calculated for
lakes in 2012 due to potential ecological differences in regional water quality characteristics
between lakes and rivers and the limited baseline lake data.

Differences in measurement endpoints for the benthic invertebrate community of Shipyard Lake in
2012 were classified as Negligible-Low. The increasing trend over time of abundance and taxa
richness were significant and were not indicative of degraded water or habitat quality. The lake
contained a number of fully aquatic forms including amphipods, clams, and snails, indicating
generally good water and sediment quality. Concentrations of most sediment quality measurement
endpoints in fall 2012 at the test station of Shipyard Lake were within previously-measured
concentrations with only a few exceptions (i.e., TOC and benzo[a]pyrene). The SQI was not
calculated for lakes in 2012 due to potential ecological differences in regional sediment quality
characteristics between lakes and rivers.

Poplar Creek and Beaver River The calculated mean open-water discharge (May to October) was
1.6% greater in the observed test hydrograph than in the estimated baseline hydrograph. This
difference was classified as Negligible-Low. The annual maximum daily discharge and open-
water minimum daily discharge were 1.8% lower in the observed test hydrograph than in the
estimated baseline hydrograph. These differences were classified as Negligible-Low.

Concentrations of several water quality measurement endpoints, primarily ions and other
dissolved species, exceeded regional baseline concentrations at the lower test station of the Beaver
River, resulting in a Moderate difference from regional baseline conditions. Although
concentrations of several measurement endpoints were high at the lower fest station of Poplar
Creek and the upper baseline station of the Beaver River, differences in water quality in fall 2012
and regional baseline conditions were classified as Negligible-Low.

Differences in measurement endpoints for benthic invertebrate communities at the lower test reach
of Poplar Creek were classified as Moderate because of the significant and large differences in
abundance, percentage of fauna as EPT taxa, and CA Axis scores compared to baseline reach BER-
D2. The benthic invertebrate community at the lower test reach of Poplar Creek was in generally
good condition, reflected by low relative abundances of worms and higher relative abundances of
fingernail clams. The low relative abundance of mayflies and caddisflies, and lack of stoneflies
potentially indicated some level of disturbance, but over time the percentage of EPT taxa has been
increasing. Differences in sediment quality observed in fall 2012 at the lower test station of Poplar
Creek and the upper baseline station of the Beaver River were classified as Negligible-Low
compared to regional baseline conditions. Concentrations of most sediment quality measurement
endpoints were within the range of previously-measured concentrations and within the range of
regional baseline conditions.

Differences in measurement endpoints for fish assemblages between the lower test reach of Poplar
Creek and regional baseline conditions were classified as Negligible-Low because although the
assemblage tolerance index (ATI) was lower than regional baseline conditions, this difference was
indicative of more sensitive species captured, and not reflective of degrading conditions in Poplar
Creek.
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McLean Creek Concentrations of water quality measurement endpoints at the lower fest station of
McLean Creek were often higher than regional baseline concentrations in fall 2012. Concentrations
of TSS, TDS, and many ions and dissolved species of water quality measurement endpoints were
high relative to regional baseline conditions and exhibited guideline exceedances, indicating a
Moderate difference from regional baseline concentrations.

Fort Creek The calculated mean open-water period (May to October) discharge volume was 11.7%
greater in the observed test hydrograph than in the estimated baseline hydrograph. This difference
was classified as Moderate. In addition to changes in flow volume, variability in daily flow has
also increased due to focal project activity in the watershed. This variability in daily flow was
sufficiently large to adjust the expected flow characteristics previously evident at this station. The
2012 WY showed multiple precipitation-driven annual maximum daily discharges within the
annual hydrograph, and did not display a defined open-water minimum daily flow following a
sustained dry period as is typical in other systems.

Differences in water quality in fall 2012 between the lower test station of Fort Creek and regional
baseline conditions were classified as Negligible-Low. However, relatively high concentrations of
several water quality measurement endpoints were observed, but were within the range of
previously-measured concentrations. A large increase in the concentration of sulphate has been
observed at the lower test station of Fort Creek since 2008 (not a statistically significant trend),
which appeared to have occurred in the absence of other apparent changes in ionic composition.

Differences in measurement endpoints for benthic invertebrate communities at the lower test reach
of Fort Creek were classified as High because of the significantly lower abundance and richness
during the test period compared to the baseline period. Additionally, four of the five measurement
endpoints were outside of the range of variation for regional baseline depositional rivers. Although
the percentage of fauna as EPT taxa has increased over time, this could be an artifact of the low
overall abundance in the reach during many years of sampling (including 2012). Differences in
sediment quality observed in fall 2012 between the lower test station of Fort Creek and regional
baseline conditions were Negligible-Low with nearly all sediment quality measurement endpoints
within the range of previously-measured concentrations and regional baseline concentrations.

Differences in measurement endpoints for fish assemblages between the lower test reach of Fort
Creek and regional baseline conditions were classified as Negligible-Low given that the mean
value all measurement endpoints were within the range of variation for regional baseline reaches.

Susan Lake Outlet Flows decreased after monitoring began in the outlet of Susan Lake, with the
exception of two rainfall induced peaks on June 4 and June 24. Daily flows recorded in July
showed multiple peak flows due to rainfall events from late June to mid-July. Flows generally
decreased from late July through August to below the historical minimum values in mid-August.
Rainfall events in late August and early September resulted in flows exceeding the historical
maximum values. Following this peak, flows decreased through September before steadily
increasing until monitoring ended on October 16, 2012.

Acid-Sensitive Lakes

Results of the analysis of the RAMP lakes in 2012 compared to historical data suggest that there was no
significant change in the overall chemistry of the lakes across years that were attributable to
acidification. Significant increases in pH, Gran alkalinity, sodium, TDS, conductivity, and sum of
base cations were observed; however, these changes appeared to be the result of factors other than
acidifying emissions (e.g., hydrology).

A summary of the state of the RAMP lakes in 2012 with respect to the potential for acidification
was prepared for each physiographic subregion by examining deviations from the mean chemical
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concentrations of measurement endpoints (in a direction indicative of acidification) for each lake
within a subregion. A two standard deviation criterion was used in each case. In general, data in
2012 were less variable than in 2011 resulting in fewer exceedances of the two standard deviation
criterion. The highest number of exceedances (3) occurred in lakes in the Canadian Shield
subregion, which are remote from emissions sources and considered baseline lakes. Exceedances
were observed in base cation concentrations in two lakes, which are increasing due to factors other
than acidification. Taking into account these factors, the subregions were all classified as having a
Negligible-Low indication of incipient acidification.

Summary and Recommendations

The following table provides a summary of the 2012 RAMP monitoring program results, by
watershed and component.

The report concluded with a number of recommendations directed towards refining the
monitoring program and increasing the value of RAMP monitoring activities. These
recommendations are for consideration during the design of monitoring in future years of RAMP:

* Continue to monitor existing climate and hydrometric stations to enhance record length
and data availability.

* Expand the climate and hydrology monitoring network to support the provision of baseline
and fest hydrometric information and regional climate data.

= Evaluate additional hydrometric measurement endpoints and indicators (such as the
timing and frequency of flow conditions) that would further support the RAMP
assessment and understanding of aquatic conditions.

= Conduct water balance assessments as a consistent approach applicable to tributary
watersheds, independent of the length of the data record, and, as possible, continue to
refine inputs such as the time-step of industrial data and delay of releases reaching the
measurement station.

* Delineate watershed areas for all RAMP hydrometric stations using updated topographic
elevation data and assess if watershed areas need to be updated.

= Continue to add baseline stations for ongoing RAMP water quality sampling, particularly
stations that are expected to remain baseline well into the future.

= Continue to expand seasonal or monthly sampling within the RAMP water quality
program, particularly for larger tributaries, to better capture the range of conditions in
these locations and allow better discrimination of natural versus anthropogenic changes in
water quality in future.

= Consider the addition of deep-water benthic sampling in lakes in which a thermocline has
had an opportunity to develop. Such sampling would ensure that any changes in deep-
water habitats are detected, if they occur.

* Consider the use of sediment traps in some channels of the delta (especially Fletcher
Channel), to estimate sediment deposition rates and also to specifically assess
concentrations of hydrocarbons and metal in sediments deposited in the ARD in a given
year.

* Continue to collaborate with Environment Canada and AESRD on lethal fish sampling in
rivers and lakes in the region to minimize potential impacts on fish populations related to
monitoring activities.
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* Continue to work with AESRD and Environment Canada on fish monitoring activities to
further harmonize fishing methods and data collection, which will eventually result in
more efficient sampling in the region and increased data and information sharing to meet
the objectives of all stakeholder needs.

= Continue to collect data on fish abnormalities to develop a better understanding of the
prevalence of abnormalities in fish in Northern Alberta.

= Consider the use of an electrofishing boat for fish assemblage monitoring in the Athabasca
River Delta, which will allow better spatial coverage and increased capture success such
that data collected will more accurately represent the fish assemblage present in the delta.

= Evaluate the two basins of Christina Lake separately, if a fish survey is conducted again, to
ensure adequate spatial coverage in both basins.
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Summary assessment of RAMP 2012 monitoring results.

Fish Populations: Acid-Sensitive
Differences Between Test and Baseline Conditions Human Health Risk fron81 Mercury in | |_akes: Variation
Watershed/Region , _ Fish Tissue from Long-Term
Benthic ) . Sentinel Average
artony' | QU | erebrre | SOt | P | SR | spees SR g | eotenialon
Communities Species Acidification
Athabasca River O O,0 - - - _ N _
Athabasca River Delta - - @) / (@) @) n/a - - -
Muskeg River @ @) @) / @) O O / o - - -
Jackpine Creek nm O O O - B, B
Kearl Lake nm O @) n/a - - - -
Steepbank River O O @) - @) - -
Tar River Q O O O - - - ,
MacKay River @) @) / @] @) - O - - -
Calumet River O O O @) O - ] _
Firebag River O O nm nm nm - - -
McClelland Lake nm n/a @) n/a - - - -
Johnson Lake - n/a n/a n/a - - - -
Ells River O O @) @) @) - - .
Christina River O O/® ©,/0 O - - - -
Christina Lake nm n/a n/a n/a n/a - - -
et m | o | o o | eo | - - -
Gregoire Lake - - - - - - WALL NRPK O O -
Clearwater River nm @) nm nm - B (>gcl)?0|?nKm) Q @) .
High Hills River - O nla - n/a nla - -
Hangingstone River O - - - - - . B
Fort Creek @) O @) O @) - - }
Beaver River - @) - - - - - n
McLean Creek - @) - - - - _ _
Mills Creek Q @) - - - - - -
Isadore's Lake nm n/a n/a - - - -
Poplar Creek O O @) O @) . ] B
Shipyard Lake - n/a n/a - - - -
Big Creek - O - - - - - .
Pierre River - O - - . . - B
Red Clay Creek - O - - - - B _
Eymundson Creek - O - - . R _ _
Stony Mountains - - - - - - - O
West of Fort McMurray - - - - - - _ O
Northeast of Fort McMurray - - - - - - - O
Birch Mountains - - - - - - R O
Canadian Shield - - - - - - R @)
Caribou Mountains - - - - - - - O

Legend and Notes

@) Negligible-Low change
@) Moderate change

(@) High change

program was not completed in 2012.

nm - not measured in 2012.

n/a - classification could not be completed because there were no baseline conditions to compare against.

Hydrology: Calculated on differences between observed test and estimated baseline hydrographs: + 5% - Negligible-Low; + 15% - Moderate; > 15% - High.

Note: As not all hydrology measurement endpoints are calculated for each watershed because of differing lengths of the hydrographic record for 2012, hydrology results above are for
those measurement endpoints that were calculated.

Note: Mean Open-Water Season Discharge and Annual Maximum Daily Discharge in the Muskeg River watershed were assessed as Moderate; Mean Winter Discharge and Minimum
Open-Water Season Discharge were assessed as High.

2 Water Quality: Classification based on adaptation of CCME water quality index.

Note: Water quality at all stations in the Athabasca River was assessed as Negligible-Low with the exception of station ATR-MR-E, which was assessed as Moderate.
Note: Water quality at the lower station of the MacKay River was assessed as Negligible-Low and water quality at the middle station was assessed as Moderate.

Note: Water quality at the lower station of the Christina River was assessed as Negligible-Low and water quality at the upper station was assessed as High.

¥ Benthic Invertebrate Communities: Classification based on statistical differences in measurement endpoints between baseline and test reaches or between baseline and test

periods or trends over time for a reach as well as comparison to regional baseline conditions.

Note: Benthic invertebrate communities in the Athabasca River Delta were assessed as Moderate at Big Point Channel and Embarras River, and Goose Island Channel and High at
Fletcher Channel.

Note: Benthic invertebrate communities at the lower reach of the Muskeg River were assessed as Moderate and benthic invertebrate communities at the middle and upper reaches
were assessed as Negligible-Low.

Note: Benthic invertebrate communities at the lower reach of the Christina River were assessed as Moderate and benthic invertebrate communities at the upper reach were assessed
as Negligible-Low.

* Sediment Quality: Classification based on adaptation of CCME sediment quality index.

® Fish Populations (fish assemblages): Classification based on exceedances of measurement from the regional variation in baseline reaches; see Section 3.2.4.3 for a detailed
description of the classification methodology.

Note: Fish assemblages in the Muskeg River were assessed as Negligible-Low at the lower reach and Moderate at the middle and upper reaches.

Note: Fish assemblages Sawbones Creek were assessed as Moderate and fish assemblages at Sunday Creek and Jackfish River were assessed as Negligible-Low.

® Fish Populations (sentinel species): Classification based on effects criteria established for Environment Canada's Environmental Effects Monitoring Program for pulpmills

(Environment Canada 2010); see Section 3.2.4.4 for a description of the classification methodology.

A classification of results could not be completed for the lower Muskeg River site given the low sample size of slimy sculpin captured for the sentinel species program.

Fish Populations (human health): Uses Health Canada criteria for risks to human health. NRPK — northern pike; WALL — walleye; Sub. refers to subsistence fishers; Gen. refers to
general consumers as defined by Health Canada.

Acid-Sensitive Lakes: Classification based the frequency in each region with which values of seven measurement endpoints in 2012 were more than twice the standard deviation
from their long-term mean in each lake.

10 Christina Lake tributaries include Sawbones Creek, Sunday Creek, and Jackfish River.



1.0

11

INTRODUCTION

This document is the 2012 Technical Report of the Regional Aquatics Monitoring
Program (RAMP). RAMP is a joint environmental monitoring program that assesses the
health of rivers and lakes in the Athabasca oil sands region of northeastern Alberta with
participation from the oil sands industry, other industries active in the Athabasca oil
sands region, regional stakeholders, Aboriginal communities, and local, provincial, and
federal governments.

ATHABASCA OIL SANDS REGION BACKGROUND

With an estimated 293.1 billion m? (1.84 trillion barrels) of total reserves of bitumen (initial
volume in place), the Alberta oil sands (i.e., Athabasca, Cold Lake and Peace River
deposits) are the largest of Canada’s known petroleum resources. The Alberta oil sands are
a significant component of the world’s petroleum resources, with its 26.80 billion m3
(168.7 billion barrels) of remaining established bitumen reserves! (ERCB 2012) being
equivalent to 12.4% of the world’s known reserves of conventional crude o0il?> (US Energy
Information Administration 2012). Total bitumen deposits in the Athabasca oil sands region
(including Wabasca) are the largest of Alberta’s three oil sands regions, containing 82.7% of
the total provincial reserves, with the total deposits in the Cold Lake and Peace River areas
being significantly smaller (ERCB 2012).

In 1967, Great Canadian Oil Sands Ltd. (now Suncor Energy Inc.) initiated the first
commercially successful bitumen extraction and upgrading facility in the Athabasca oil
sands region. Since that time, investment and development in the Athabasca oil sands
region near Fort McMurray in the Regional Municipality of Wood Buffalo (RMWB) has
increased substantially. Approximately 22.4% of the estimated established bitumen
reserves in the Athabasca oil sands region were under active development as of the end
of 2011, and 4.1% of the estimated established bitumen reserves of the Athabasca oil
sands region had been extracted by the end of 2011 (Table 1.1-1).

Table 1.1-1  Status of bitumen reserves in the Athabasca oil sands region.

Amount

Bitumen Reserve and Production Indicators o
(million barrels)

Initial Volume in Place (total reserves) 1,522,743
Estimated Established Reserves 145,936*
Established Reserves under Active Development as of 31 December 2011 32,732

Mineable 30,966
in situ 1,737

Cumulative Production as of 31 December 2011 5,982

Mineable 5,158
in situ 825

Remaining Established Reserves 139,954

Data from ERCB (2012); all figures are as of December 31, 2011.

* Estimated, established reserves are estimated by applying the ratio of estimated established to the total
bitumen reserves for the entire province to total reserves in the Athabasca oil sands region.

1

Established bitumen reserves are defined as the amount of bitumen that is recoverable under current technology and

present and anticipated economic conditions specifically proved by drilling, testing, or production, plus the portion of
reserves that are interpreted to exist from geological, geophysical, or similar information with reasonable certainty (ERCB
2010). Remaining established bitumen reserves are established bitumen reserves less cumulative bitumen production.

2 The world’s known reserves of conventional crude oil are based on 2010 data as 2011 and 2012 data are not available
(US Energy Information Administration 2012).
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The increasing development of the Athabasca oil sands resource has been accompanied
by an increase in environmental monitoring and research conducted in the Athabasca oil
sands region and increasing interest among stakeholders in ensuring that measures in
place to monitor any potential effects on the environment are effective. Environmental
monitoring and research has been a prominent topic of discussion among regulators,
media, and concerned stakeholders. The organizations involved in long-term
environmental monitoring (i.e., for status and trends reporting and compliance or
approval requirements) and surveillance monitoring (i.e., typically short-term to address
specific questions) in the Athabasca oil sands region, in addition to RAMP, include (but
are not limited to) (Dowdeswell et al. 2010):

Long-term Monitoring

= Cumulative Environmental Management Association (CEMA) - established in
2000, CEMA develops guidelines and management frameworks on how best to
reduce cumulative environmental effects due to industrial development.
CEMA’s focus includes (but is not limited to): adaptive management of
reclaimed terrestrial (CEMA 2010a [ToR]) and aquatic ecosystems (CEMA 2012
[ToR]); guidance for end-pit lake and wetland establishment, acid deposition;
land capability; air contaminants; surface and ground water management; and
traditional ecological knowledge (TEK).

= Wood Buffalo Environmental Association (WBEA) - monitors and provides
information on air quality and air-related environmental impacts in the RMWB.
The WBEA implements three programs:

0 Air quality monitoring and reporting, conducted via a network of fifteen
air quality monitoring stations in the RMWB;

0 Terrestrial Environmental Effects Monitoring (TEEM) - a program
designed to detect, characterize and quantify the extent to which air
emissions affect terrestrial and aquatic ecosystems, and traditional
resources in the Athabasca oil sands region; and

0 A human exposure monitoring program, initiated in 2005, designed to
monitor human exposure to select air contaminants in the RMWB.

=  Alberta Biodiversity Monitoring Institute (ABMI) - formally established in 2007,
is an independent, not-for-profit organization that monitors plant and animal
species and habitats at more than 1,600 sites across the province of Alberta,
including 959 sites in the Boreal region where the Athabasca oil sands are
situated.

=  Government of Alberta - monitors the environment of the Athabasca oil sands
region through the following ministries:

0 Alberta Environment and Sustainable Resource Development (AESRD)
has been monitoring water quality of the Athabasca River since the 1970s
and the Muskeg River since the 1990s. AESRD recently initiated intensive,
integrated monitoring throughout the Muskeg River watershed as well as a
contaminant loading study involving passive water quality samplers
throughout the Athabasca oil sands region and historical sediment quality
assessments (coring studies).

0 AESRD monitors and manages the fisheries resources in the Athabasca oil
sands region; and
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0 Alberta Health has implemented human health consumption guidelines
for sportfish in several lakes and rivers within the lower Athabasca Region
using mercury results collected by RAMP.

= Environment Canada - Environment Canada undertakes a number of
monitoring activities in the oil sands region through the federal Water Act,
Fisheries Act, and Canadian Environmental Protection Act. The Water Survey of
Canada, which operates several hydrology stations in the area, is an example of
one of the monitoring programs managed under Environment Canada. The
Peace-Athabasca Delta Ecological Monitoring Program (PAD-EMP) is another
Environment Canada initiative and falls under the jurisdiction of Parks Canada.

* Industry - individual oil sands companies, including both members and non-
members of RAMP, undertake regular aquatic monitoring programs in streams
and rivers near their operations to meet approval requirements stipulated by
regulatory agencies such as AESRD, Fisheries and Oceans Canada, and
Environment Canada.

Surveillance Monitoring and Research

= Alberta Water Research Institute (AWRI) - serves as a coordinator of research in
support of Alberta’s provincial water strategy, Water for Life: A Strategy for
Sustainability. AWRI currently oversees eight projects focusing on water quality,
quantity, recycling and management, and other water-related topics, in the
Athabasca oil sands region.

= Canadian Oil Sands Network for Research and Development (CONRAD) - a
network of companies, universities, and government agencies organized to
facilitate collaborative research in science and technology for Alberta oil sands.
The research focuses on the following areas: environmental research, in situ
recovery, surface mining of oil sands, bitumen extraction, and bitumen and
heavy oil upgrading.

=  Carbon Dynamics, Food Web Structure, and Reclamation Strategies in Athabasca
Oil Sands Wetlands (CFRAW) - a partnership between scientists at the
universities of Alberta, Saskatchewan, Waterloo, and Windsor, and sponsoring
industry partners. The research venture focuses on carbon dynamics, biological
effects of oil sands process materials, and predicting changes in the environment
and recommending reclamation strategies (Oilsands Advisory Panel 2010).

* Environment Canada is actively involved in monitoring and research in the oil
sands region and has partnered with AESRD, universities, and other government
departments on a number of projects. Areas of research include ecological flow
needs, tailings pond management, and chemical profiling of hydrocarbons to
distinguish those naturally occurring from industrial (Oilsands Advisory Panel
2010).

Finally, several universities, independent scientists, and government research agencies
continue to undertake studies in the Athabasca oil sands region to better understand local
aquatic resources and their response to regional development (Oilsands Advisory Panel
2010) including but not limited to:

= Natural Sciences and Engineering Research Council of Canada (NSERC);
=  University of Alberta: David Schindler Laboratory;
=  University of Alberta: Centre for Oil Sands Innovation (COSI);

Regional Aquatics Monitoring Program (RAMP) 13 Final 2012 Technical Report



= University of Saskatchewan - Toxicology Centre and Canada Research Chair in
Environmental Toxicology; and

=  University of Waterloo - headquarters for the Canadian Water Network (CWN),
a program designed to connect Canadian and international water researchers
with decision-makers and conduct contaminant fate research and graduate
studies related to water management in the Athabasca oil sands region.

New Monitoring Initiatives

In 2012, Environment Canada and AESRD developed a joint integrated monitoring plan
for the oil sands region. The provincial and federal governments are working together to
develop a comprehensive program to assess cumulative environmental impacts on air,
water, land, and biodiversity, which will build on the existing monitoring programs in
the region (Government of Canada 2012). The new plan (Joint Canada-Alberta
Implementation Plan) will be consistent with province-wide environmental monitoring
in Alberta while also addressing specific issues related to oil sands development.
Following a transition period of three years, this new plan will encompass current
monitoring organizations and additional monitoring requirements to have one complete
integrated monitoring program across all environmental components. Current
monitoring organizations are working with both governments during the transition
period to ensure all stakeholder concerns are met and the monitoring objectives will
address the environmental concerns related to oil sands development.

In addition, the Government of Alberta has developed the Lower Athabasca Regional
Plan (LARP), which is a management system that takes into account the cumulative
effects of all activities and improves integration across economic, environmental, and
social components (Government of Alberta 2012). The management system will align
provincial policies on air, water, land, and biodiversity to balance economic development
opportunities and social and environmental considerations. The LARP outlines
management frameworks, strategies, actions, and tools that are required to achieve the
desired objectives and outcomes on a long-term basis.

1.2 OVERVIEW OF RAMP

The Regional Aquatics Monitoring Program (the Program) is an industry-funded, multi-
stakeholder environmental monitoring program initiated in 1997. The overall mandate of
RAMP is to:

“...determine, evaluate, and communicate the state of the aquatic environment
and any changes that may result from cumulative resource development within
the Regional Municipality of Wood Buffalo.”

In order to fulfill this mandate, the Program integrates aquatic monitoring activities
across different components of the aquatic environment, geographical locations, and
Athabasca oil sands and other developments. This enables trends in the state of the
aquatic environment to be determined, and any changes in the aquatic environment to be
assessed and communicated. The coordination of monitoring efforts among RAMP
members results in a comprehensive, regional, and publicly-available database? that may
be used by operators for their environmental management programs, compliance with
environmental requirements of regulatory approvals, assessments of proposed
developments, as well as by other stakeholders interested in the health of the aquatic
environment in the Athabasca oil sands region.

® The database is available on the RAMP website http://www.ramp-alberta.org/ramp/data.aspx
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1.2.1 Organization of RAMP

RAMP is governed by a multi-stakeholder Steering Committee. Membership in this
decision-making body is comprised of oil sands companies and other industries, an
Aboriginal representative, and government agencies (municipal, provincial, and federal)
(Figure 1.2-1). RAMP also has a Technical Program Committee responsible for the
development and review of the RAMP technical monitoring program from year to year.
The Technical Program Committee is divided into discipline-specific sub-groups that
develop and review their component for integration into the overall monitoring program.
Investigators (the Hatfield RAMP Team, consisting in 2012 of Hatfield Consultants
Partnership, Kilgour and Associates Ltd., and Western Resource Solutions) primarily carry
out the fieldwork, data analysis, and reporting as defined by the Program. A Finance Sub-
committee focuses on issues related to the budget and funding for the annual monitoring.
Finally, RAMP has a Communications Sub-Committee for the purpose of presenting
information and monitoring results to local stakeholders and the scientific community.

Figure 1.2-1 RAMP organizational structure’.

Industry Stakeholders Government
Alberta Pacific Fort McKay First Nation Alberta Energy Resources
Forest Industries Inc. Fort McKay Métis Conservation Board
Canadian Natural Resources Ltd. Local No. 63 Alberta Environment and
Cenovus Energy Inc. Fort McMurray First Nation Sustainable Resource

Development
Alberta Health
Fisheries and Oceans Canada
Environment Canada
Health Canada
Regional Municipality of
Wood Buffalo

ConocoPhillips Canada
Devon Energy Corp.
Dover Operating Corp.
Hammerstone Corp.
Husky Energy
Imperial Oil Resources
Japan Canada Oil Sands Limited
MEG Energy Corp.
Nexen Inc.

Shell Canada Energy
Statoil Canada Ltd.
Suncor Energy Inc.
Syncrude Canada Ltd.
Teck Resources Ltd.?
Total E&P Canada Ltd.

(Secretary:
Hatfield Consultants)

; i Communications ‘
Finance Technical Program Investigators

Sub-Committee Committee Sub-Committee

Representatives Representatives Cc_msultants, .
from industr from indust AECEE! EEIIT]
All funding communitie;/' communitierz, representatives,
Relcha government, and government, and re resgr?t:?itvr}és and
investigators investigators P :
government
\ Technical Program Implementation \ Communication Plan Implementation
Preparation of technical program for review Open house events and other community
by Steering Committee; technical workshops. activities, etc.

! Composition of Steering Committee as of December 2012.

% Formerly known as SilverBirch Energy Ltd.
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In 2012, RAMP was funded by Suncor Energy Inc. (Suncor), Syncrude Canada Ltd.
(Syncrude), Shell Canada Energy (Shell), Canadian Natural Resources Ltd. (Canadian
Natural), Imperial Oil Resources (Imperial Oil), Nexen Inc. (Nexen), Husky Energy
(Husky), Total E&P Canada Ltd. (Total E&P), Hammerstone Corp. (Hammerstone), MEG
Energy Corp. (MEG Energy), Devon Energy Corp. (Devon), ConocoPhillips Canada
(ConocoPhillips), Dover Operating Corp., Japan Canada Oil Sands Ltd. (JACOS), Teck
Resources Ltd. (Teck), Cenovus Energy Inc. (Cenovus), and Statoil Canada Ltd. (Statoil).

1.2.2 RAMP Objectives
The objectives of RAMP are to:

* monitor aquatic environments in the Athabasca oil sands region to detect and
assess cumulative effects and regional trends;

= collect baseline data to characterize variability in the Athabasca oil sands region;

= collect and compare data against which predictions contained in Environmental
Impact Assessments (EIAs) can be assessed;

= collect data that assists with the monitoring required by regulatory approvals of
oil sands and other developments;

= collect data that assists with the monitoring requirements of company-specific
community agreements with associated funding;

= recoghize and incorporate traditional knowledge into monitoring and
assessment activities;

= communicate monitoring and assessment activities, results and recommendations
to communities in the RMWB, regulatory agencies, and other interested parties;

= continuously review and adjust the program to incorporate monitoring results,
technological advances and community concerns and new or changed approval
conditions; and

= conduct a periodic peer review of the Program’s objectives against its results,
and to recommend adjustments necessary for the program’s success.

These objectives guide the scope, management and implementation of the Program over
time.

1.3 RAMP STUDY AREAS

The RMWSB, prior to changes made in 2012, in northeastern Alberta defines the RAMP
Regional Study Area (RSA, Figure 1.3-1). The RMWSB, prior to 2012, covered an area of
68,454 km? and, according to the 2012 Municipal Census, had a population of
119,496 persons of which 76,009 persons were residents of Fort McMurray and surrounding
towns, and 39,271 persons were in work-camps (RMWB 2012). The original RMWB border
was maintained as the RSA boundary given that it encompassed new members to the south
of Fort McMurray. The RAMP RSA is bounded by the Alberta-Saskatchewan border on the
east, the Alberta-Northwest Territories border on the north, Wood Buffalo National Park on
the northwest, various demarcations on the west including the Athabasca River, and the
Cold Lake Air Weapons Range on the south.

Within the RSA, a Focus Study Area (FSA) is defined by the watersheds in which oil
sands development is occurring or is planned, as well as those parts of the Athabasca and
Clearwater River channels within the RSA (Figure 1.3-1). Much of the Program’s
intensive monitoring activity is conducted within the RAMP FSA.
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Figure 1.3-1
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The Athabasca River is the dominant waterbody within the RAMP FSA and hydrologically
links the upper (southern) portion of the RAMP FSA to the lower (northern) portion. The
Athabasca River flows a distance of more than 1,200 km from its headwaters in the
Columbia Ice Fields near Banff, Alberta to the Athabasca River Delta (ARD) on the western
end of Lake Athabasca. The Athabasca River forms part of the western border of the RAMP
RSA before flowing east to Fort McMurray, where it once again flows north, draining the
lower portion of the RAMP FSA. The Athabasca River is one of the focal rivers in the
Alberta Water for Life Initiative and an assessment of the ecological health of the water
quality, sediment quality, and non-fish biota was conducted as part of the Healthy Aquatic
Ecosystems component of the initiative (Alberta Environment 2007a). More recently,
AESRD has conducted a preliminary assessment of the current state of the surface water
quality for the management of transboundary waters between Alberta and the Northwest
Territories (Hatfield 2009) as well as an analysis of the water quality conditions and long-
term trends on the Athabasca River (Hebben 2009).

The southern portion of the RAMP FSA is within the Mid-Boreal Uplands and Wabasca
Lowland Ecoregions, both of which are part of the Boreal Plains Ecozone. This area is
dominated by the Clearwater and Christina rivers, as well as a series of smaller rivers,
primarily the Hangingstone and the Horse rivers. The area is characterized by a
predominantly sub-humid mid-boreal ecoclimate, closed stands of trembling aspen,
balsam poplar with white spruce, black spruce, and balsam fir occurring in late
successional stages, as well as cold and poorly-drained fens and bogs covered primarily
with tamarack and black spruce. The western part of the southern portion of the RAMP
FSA has little relief and is poorly-drained.

The northern portion of the RAMP FSA, dominated by the Athabasca River from Fort
McMurray to the ARD, is part of the Slave River Lowlands Ecoregion of the Boreal Plains
Ecozone. The mineable portion of the estimated, established bitumen reserves of the
Athabasca oil sands region lies within this portion of the RAMP FSA and is characterized by
an undulating sandy plain containing mixed boreal forest. Approximately 50% of this portion
of the RAMP FSA is covered by peatlands and sporadic discontinuous permafrost. The area is
partially bordered to the west by the Birch Mountains and to the east by intermittent slopes
including the Muskeg Mountains, which extend northward from the Clearwater River
Valley. At the ARD, the Athabasca River becomes an interconnected series of braided
channels and wetlands flowing into Lake Mamawi and Lake Athabasca. This area
experiences a low subarctic ecoclimate, with black spruce as the climax tree species, and with
characteristically open stands of low, stunted black spruce with dwarf birch and Labrador
tea, and a ground cover of lichen and moss prevailing. The northern portion of the RMWB is
within the Selwyn Lake Upland Ecoregion, part of the Taiga Shield Ecozone.

As the Athabasca River flows northward through the RAMP FSA, several smaller tributary
streams and rivers join and contribute to the overall flow. Figure 1.3-2 is a hydrologic
schematic of the RAMP FSA showing the size of the larger tributaries relative to the lower
Athabasca River. Although approximate, the diagram shows that: (a) there is a range of
tributary size in the RAMP FSA; and (b) the size of the lower Athabasca River is much larger
than any tributary, even the Clearwater River. Some of the larger of these tributaries include,
in upstream to downstream order:

» Clearwater-Christina rivers - the Clearwater originates in Saskatchewan, joins
the Athabasca River at Fort McMurray, and includes the contribution of the
Christina River, a large tributary of the Clearwater River whose watershed
includes several existing in situ oil sands developments in the southern portion
of the RAMP FSA including the Cenovus Christina Lake and Narrow Lake,
ConocoPhillips Surmont, Devon Jackfish, MEG Energy Christina Lake, Statoil
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Kai Kos Dehseh, and Nexen Long Lake projects and a portion of the Canadian
Natural Kirby Project;

= Hangingstone River - a river originating in the southwestern portion of the RAMP
FSA, joining the Clearwater River immediately upstream of Fort McMurray, and
whose watershed includes portions of the JACOS in situ Hangingstone and Nexen
Long Lake projects;

= Horse River - a river originating in the southwestern portion of the RAMP FSA,
joining the Athabasca River upstream of Fort McMurray, and whose watershed
includes the JACOS Hangingstone Project;

= Steepbank River - joins the Athabasca River from the east and whose watershed
includes Suncor’s existing Steepbank/Project Millennium mines and extensions,
the Suncor North Steepbank Mine, part of the Suncor in situ Firebag Project and
part of the Husky in situ Sunrise Thermal Project;

= Muskeg River - flows from the east and drains several oil sands development
areas and whose watershed includes the Shell Muskeg River Mine and
Expansion, Shell Jackpine Mine, Syncrude Aurora North Mine, a portion of the
Suncor in situ Firebag Project, a portion of the Suncor Fort Hills Project, Imperial
Oil Kearl Project, Husky in situ Sunrise Thermal Project, Hammerstone Muskeg
Valley Quarry, and Hammerstone Quarry;

= MacKay River - flows from the west and the watershed includes the Suncor in
situ MacKay River development and expansion and Suncor Dover Project,
Dover Operating Corp. MacKay Project and portions of Syncrude Mildred Lake
Project area;

= Ells River - flows from the west and whose watershed includes the Total E&P
Joslyn North Mine Project, and a small portion of the Canadian Natural Horizon
Project, and the Dover Operating Corporation Dover development; this river is
also the drinking water source for Fort McKay;

= Tar River - flows from the west and whose watershed contains most of the
Canadian Natural Horizon Project, and portions of the Total E&P Joslyn North
Mine;

»  Calumet River - also flows from the west and whose watershed is partly within
the Canadian Natural Horizon Project; and

* Firebag River - a river flowing from Saskatchewan whose watershed includes
most of the Suncor in situ Firebag Project, the Suncor Fort Hills Project, and
portions of the Husky in situ Sunrise Project, and the Imperial Oil Kearl Project.

Other waterbodies monitored under RAMP and within existing or proposed oil sands
developments include:

* tributaries within watersheds described above such as Muskeg Creek, Jackpine
Creek, Stanley Creek, and Wapasu Creek in the Muskeg River watershed;

= smaller river tributaries of the Athabasca River (Fort Creek, Mills Creek, Poplar
Creek, McLean Creek, and Beaver River) that contain parts of a number of oil
sands projects, including the Syncrude Mildred Lake development (Beaver
River), Suncor Fort Hills Project (Fort Creek), Dover Operating Corp. MacKay
Project, Shell Pierre River Mine (in application), Teck Frontier (in application),
JACOS Hangingstone Project, Shell Muskeg River Mine and expansion, Suncor
(Lease 86/17) and Syncrude Mildred Lake oil sands developments on the west
side of the Athabasca River (Poplar Creek);
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= specific lakes and wetlands such as Isadore’s Lake, Shipyard Lake, McClelland
Lake, Kearl Lake, Christina Lake, and Johnson Lake;

= asetof regional lakes important from a fisheries perspective; and

= a set of lakes throughout the RAMP RSA for the purpose of assessing lake
sensitivity to acidifying emissions.

Finally, there are a number of waterbodies and watercourses monitored under RAMP
that are used as baseline areas for certain RAMP components.

Figure 1.3-2 Hydrologic schematic of RAMP Focus Study Area.
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1.4.2

GENERAL RAMP MONITORING AND ANALYTICAL APPROACH

Focal Projects

While most of the 2012 industry members of RAMP are companies that are constructing
and operating oil sands projects in the RAMP FSA, other industry members of RAMP,
such as Hammerstone, are companies constructing and operating other types of projects
in the RAMP FSA. Therefore, the term “focal projects” is used in the 2012 Technical
Report and is defined as those projects owned by 2012 industry members of RAMP
(Section 1.2.1) that were under construction or operational in 2012 in the RAMP FSA. For
2012, these projects include a number of oil sands projects and a limestone quarry project
(the Hammerstone Muskeg Valley Quarry Project); the focal projects are listed and
described in Section 2.

2012 industry members of RAMP do have other projects in the RAMP FSA that were in the
application stage as of 2012, or that received approval in 2012 or earlier, but that had not yet
started construction as of 2012. These projects are noted throughout this technical report
but are not designated as focal projects.

Overall RAMP Monitoring Approach

RAMP incorporates a combination of both stressor- and effects-based monitoring
approaches. The stressor-based approach is derived primarily from EIAs prepared
for each of the focal projects. EIAs are undertaken in part to evaluate the potential
impacts that the proposed project, alone or in combination with other developments,
could have on the local and regional environment. To date, EIAs conducted for
projects in the Athabasca oil sands region have used primarily a stressor-based
approach. A potential stressor is any factor (e.g., chemicals, temperature, water flow,
nutrients, food availability, and biological competition) that either currently exists in
the environment and will be influenced by the proposed project or will be potentially
introduced into the environment as a result of the proposed project. Using this
approach, the impact of a development is evaluated by predicting the potential impact
of each identified stressor on valued components of the environment (Munkittrick et al.
2000). Using impact predictions from various EIAs, specific potential stressors have
been identified that are monitored to document baseline conditions, establish natural
variation in those conditions, as well as to identify potential changes related to
development. Examples from RAMP include specific water quality variables and changes
in water quantity (RAMP 2009b).

Although the stressor-based impact assessment has been successful, the inherent risk of
the approach is that it assumes that all potential stressors can be identified and
evaluated. Accordingly, an effects-based approach has been advocated for impact
assessments and subsequent monitoring efforts (Munkittrick et al. 2000). This approach
focuses on evaluating the performance of biological components of the environment
(e.g., fish and benthic invertebrates) because they integrate the potential effects of
complex and varied stressors over time. This approach is independent of stressor
identification, and focuses on understanding the accumulated environmental state
resulting from the summation of all stressors. For example, the current federal
Environmental Effects Monitoring (EEM) program for the pulp and paper and metal
mining industries incorporates an effects-based monitoring approach (Environment
Canada 2010). There is a strong emphasis in RAMP on monitoring sensitive
biological indicators such as benthic invertebrates and fish populations that reflect
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and integrate the overall condition of the aquatic environment. By combining both
monitoring approaches, RAMP strives to achieve a more holistic understanding of
potential effects on the aquatic environment related to the development of focal projects.

RAMP Components

RAMP in 2012 focused on six components of boreal aquatic ecosystems:

Climate and Hydrology - monitors changes in the quantity of water flowing
through rivers and creeks in the RAMP FSA, lake levels in selected waterbodies,
and local climatic conditions;

Water Quality in rivers, lakes, and some wetlands - reflects habitat quality and
potential exposure of fish and invertebrates to organic and inorganic chemicals;

Benthic Invertebrate Communities and Sediment Quality in rivers, lakes, and
some wetlands - benthic invertebrate communities serve as biological indicators
and are important components of fish habitat, while sediment quality is a link
between physical and chemical habitat conditions to benthic invertebrate
communities;

Fish Populations in rivers and lakes - biological indicators of ecosystem
integrity and a highly-valued resource in the Athabasca oil sands region; and

Acid-Sensitive Lakes - monitoring of water quality in regional lakes in order to
assess potential changes in water quality as a result of acidification.

Definition of Terms

The analysis for each RAMP component is based on a selection of sampling stations and
monitoring years to be used in the analysis for each watershed/river basin. For the
analysis, the sampling stations and monitoring years are categorized into combinations of
spatial and temporal treatments and controls, as described below:

Test is the term used in this report to describe aquatic resources and physical
locations (i.e., stations, reaches) downstream of one or more focal projects; data
collected from these locations are designated as test for the purposes of data
analysis, assessment, and reporting. The use of this term does not imply or
presume that effects are occurring or have occurred, but simply that data collected
from these locations are being tested against baseline conditions to assess potential
changes; and

Baseline is the term used in this report to describe aquatic resources and
physical locations (i.e., stations, reaches, data) that are (in 2012) or were (prior to
2012) upstream of all focal projects; data collected from these locations are
designated as baseline for the purposes of data analysis, assessment, and
reporting.

The terms test and baseline depend solely on location of the aquatic resource in relation to
the location of the focal projects to allow for long-term comparison of trends between
baseline and fest stations.
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Monitoring Approaches for RAMP Components

Details on the RAMP monitoring design and rationale are described in the RAMP
Technical Design and Rationale document developed by the RAMP Technical Program
Committee (RAMP 2009b). A summary of the monitoring design and rationale for each
component is provided below.

Climate and Hydrology

The quantity of water in a system affects its capacity to support aquatic and terrestrial
biota. Changes in the amount or timing of water flow may occur due to natural
fluctuations related to climate, or due to human activities such as discharges,
withdrawals, or diversions. Accordingly, climate and hydrologic data are collected as
part of RAMP to:

= provide a basis for verifying EIA predictions of hydrologic changes;

= facilitate the interpretation of data collected by the other RAMP components by
placing them in the context of current hydrologic conditions relative to historical
mean and extreme conditions;

= document stream-specific baseline hydrologic conditions and regional climate to
characterize natural variability and to allow detection of regional trends;

= support regulatory applications and requirements of regulatory approvals; and

= support calibration and verification of regional hydrologic models that form the
basis of environmental impact assessments, operational water management
plans, and closure reclamation drainage designs.

The RAMP Climate and Hydrology component focuses on key elements of the
hydrologic cycle, including rainfall, snowfall, streamflow, and lake water levels. Climate,
streamflow and lake levels are monitored to develop an understanding of the hydrologic
system, including natural variability, short and long-term trends, and potential changes
related to development.

Watercourses in the same region may have different hydrologic characteristics related to
differences in topography, vegetation, surficial geology, lake storage, groundwater-
surface water interaction, and geographic influences on precipitation. Accordingly, the
scope of the RAMP Climate and Hydrology component has gradually expanded
geographically to include watersheds affected, or expected to be affected, by focal
projects in the area around Fort McMurray. Some watersheds that do not contain focal
projects are also monitored to provide baseline data. The monitoring program includes the
Athabasca River, numerous smaller rivers and streams, and some mine water releases.
Data from long-term Environment Canada (i.e., the Water Survey of Canada) and AESRD
climatic and hydrologic monitoring stations in the Athabasca oil sands region are also
integrated into the RAMP analyses to provide greater spatial and temporal context.

Some streams are monitored year-round, while others, particularly smaller streams
that tend to freeze completely in winter, are monitored only during the open-water
season. RAMP also monitors winter (November to April) flows on some streams
that Environment Canada and AESRD monitor during the open-water season.
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Water Quality

RAMP monitors water quality in order to identify anthropogenic and natural factors
affecting the quality of streams and lakes in the Athabasca oil sands region. Monitoring
the chemical signatures of water provides point-in-time measurements; these data help
identify potential chemical exposure pathways between the physical environment and
biotic communities in the aquatic environment.

The objectives of the Water Quality component are to:

= develop a water quality database to verify EIA predictions, support regulatory
applications, and to meet requirements of regulatory approvals;

= monitor potential changes in water quality that may identify chemical inputs
from point and non-point sources;

= assess the suitability of waterbodies to support aquatic life; and
= provide supporting data to facilitate the interpretation of biological surveys.

In order to determine if and how a development may be affecting water quality, test
stations downstream of development are compared to upstream baseline stations (where
possible), located beyond the influence of developments, and against an appropriate
range of regional baseline variability. Water quality is monitored over time to characterize
natural temporal variability in baseline conditions and to identify potential trends in
water quality related to development, including the focal projects.

A range of characteristics are measured in the Water Quality component, including:
conventional variables, major ions, nutrients, biological oxygen demand, other organics,
and total and dissolved metals. Sublethal toxicity bioassays are conducted using ambient
river water from selected stations to assess potential chronic effects on different aquatic
organismes.

RAMP water quality stations are located throughout the RAMP FSA, from the upper
Christina River to the Athabasca River downstream of development. Water quality is
monitored annually each fall when water flows are generally low and the resulting
assimilative capacity of a receiving waterbody is limited. New water quality stations
located in waterbodies already monitored by RAMP are sampled seasonally (i.e., in
winter, spring, summer and fall) for three years to determine seasonal variation in water
quality. Three years of seasonal baseline data are collected at stations established in new
waterbodies and watercourses.

Benthic Invertebrate Communities and Sediment Quality

Benthic invertebrate communities are a commonly-used indicator of aquatic
environmental conditions and are included as a component of RAMP because:

= they integrate biologically relevant variations in water, sediment, and habitat
quality;

= they are limited in their mobility and reflect local conditions, they can thus be
used to identify point sources of inputs or disturbance;
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= the short life span of benthic invertebrates (typically about one year) allows
them to integrate the physical and chemical aspects of water quality and
sediment quality over annual time periods and provide early warning of
possible changes to fish communities (e.g., Kilgour and Barton 1999); and

= based on known tolerances of benthic taxa, it is possible to re-create the
environmental conditions by determining which animals are present (Rooke and
Mackie 1982).

The objectives of RAMP Benthic Invertebrate Communities component are to:

= collect scientifically defensible baseline and historical data to characterize
variability in benthic invertebrate communities in the Athabasca oil sands
region;

* monitor aquatic environments in the Athabasca oil sands region to detect and
assess cumulative effects and regional trends; and

= collect data against which predictions contained in environmental impact
assessments can be verified.

RAMP focuses on characterizing benthic invertebrate communities on the basis of total
abundance, taxonomic richness, and diversity in areas downstream of focal projects
relative to benthic invertebrate communities upstream of focal projects.

The Benthic Invertebrate Communities component focuses on tributaries of the
Athabasca River and regional wetlands (shallow lakes). Historically, sampling was also
conducted on the mainstem Athabasca River but was discontinued in 1998 because of
problems related to the transient/shifting nature of bottom sediments in the river.
Samples are collected from four areas within the Athabasca River Delta (ARD) because
that is an area of significant sediment deposition and an area in the RAMP FSA that is
considered to have the potential to be affected by long-term development.

With an increasing number of focal projects, the component has expanded to include new
Athabasca River tributaries and additional stations on previously-monitored Athabasca
River tributaries near active development sites. A reach consists of relatively
homogeneous stretches of river ranging from 2 to 5 km in length, depending on habitat
availability. Within reaches, samples are collected from either erosional or depositional
habitats depending on which one is the dominant habitat type within a tributary. Within
lakes, sampling effort is distributed over the entire open-water area, but restricted to a
narrow range in water depth to minimize natural variations in communities.

Benthic sampling is conducted in the fall of each year to limit potential seasonal
variability in the composition of benthic communities. Where available, historical data
collected in previous years of the Program are used to place current results in the context
of historical trends in benthic invertebrate communities that may be occurring.

Until 2006, sediment quality was a separate component of RAMP. Beginning in 2006,
sediment quality sampling was integrated into the Benthic Invertebrate Communities
component to provide a better link of physical and chemical habitat conditions to a
specific biological endpoint. Beginning in 2006, sediment quality was assessed only in
depositional benthic invertebrate community sampling locations. Despite the change
in focus of sediment quality sampling, sediment quality monitoring objectives remain, as
in past years, to:
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= develop a sediment quality database to verify EIA predictions, support
regulatory applications and to meet requirements of regulatory approvals;

= monitor potential changes in sediment quality that may identify chemical inputs
from point and non-point sources;

= assess the suitability of waterbodies to support aquatic life; and
= provide supporting data to facilitate the interpretation of biological surveys.

Taken together, sediment quality and water quality data help identify potential chemical
exposure pathways between the physical environment and biological communities in the
aquatic environment.

A range of compounds are measured to characterize sediment quality, including particle
size; carbon content; target and alkylated PAHSs (polycyclic aromatic hydrocarbons); total
hydrocarbons; and metals. Sublethal bioassay tests also are conducted to assess potential
toxicity related to chronic exposure of different aquatic organisms to sediments from
selected stations.

Fish Populations

The goal of the RAMP Fish Populations component is to monitor the health status of fish
populations within the Athabasca oil sands region. Monitoring activities focus on the
Athabasca River and its main tributaries potentially influenced by focal projects. Fish
populations are monitored because they are key components of the aquatic ecosystem
and important ecological indicators that integrate natural and anthropogenic influences.
Fish are also an important subsistence and recreational resource. In this regard, there are
expectations from regulators, Aboriginal peoples, and the general public with respect to
comprehensive monitoring of fish populations in the Athabasca oil sands region.

The specific objectives of the Fish Populations component are to:

= collect fish population data to characterize natural or baseline variability, assess
EIA predictions, and meet requirements of regulatory approvals;

= monitor fish populations for changes that may be due to stressors or impact
pathways (chemical, physical, biological) resulting from development by
assessing attributes such as growth, reproduction and survival; and

= assess the suitability of fisheries resources in the Athabasca oil sands region for
human consumption.

The first two objectives derive from the overall objectives of RAMP. The third objective
addresses local community and Aboriginal concerns regarding the safety of consuming
fish and the quality of consumed fish that are captured in the Athabasca oil sands region.

To meet the specific component objectives, RAMP conducts a range of core monitoring
activities that are intended to assess and document ecological characteristics of fish
populations, chemical burdens, and habitat use in the Athabasca oil sands region. The
core elements of the Fish Populations component are:

= fish inventories on the larger rivers (i.e., Athabasca and Clearwater rivers) -
monitor and assess temporal and spatial changes in species presence, relative
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abundance and population variables in the spring, summer (as of 2008 in the
Athabasca and 2009 in the Clearwater), and fall. In addition to their scientific
value, the fish inventories provide useful information to local stakeholders on
species diversity, the relative strength of age classes, and the incidence of fish
abnormalities;

= tissue sampling for organic and inorganic chemicals - quantify and monitor
chemical levels in relation to the suitability of the fish resource for human
consumption and to identify potential risk related to fish health. Muscle tissues
are collected from lake whitefish and walleye from the Athabasca River and
northern pike from the Clearwater River. Tissues are analyzed for metals,
including mercury, and specific organic compounds known to cause tainting of
fish flesh. Fish tissue analyses (mercury only) also are conducted in conjunction
with sampling programs conducted by the AESRD on selected lakes in the
region;

= sentinel fish species in the Athabasca River and select tributaries - monitoring
potential effects of stressors on populations of fish species that have limited
movement relative to the location of the potential stressors. The underlying
premise of the approach is that the health of the selected sentinel species reflects
the overall condition of the aquatic environment in which the fish population of
that species resides. The approach has also been included as part of the federal
government’s EEM programs under the pulp and paper (Environment Canada
2010) and metal mining (Environment Canada 2012) effluent regulations;

* fish assemblage and fish habitat assessments in tributaries - focuses on
characterizing the fish assemblage on the basis of total abundance, taxonomic
richness, diversity, and an assemblage tolerance index, in areas downstream of
focal projects relative to fish assemblages upstream of focal projects. Also
assesses habitat conditions and any potential change(s) over time that would
influence the fish assemblage in a river; and

* monitoring of spring spawning use of tributary habitat - fish fence monitoring
has been conducted on the Muskeg River and used to obtain information on the
biology and use of habitat by spawning populations of large-bodied fish species
that use the Muskeg River and its tributaries.

Specific key indicator fish species (or key indicator resources, KIRs) have been identified
for the Athabasca River and selected tributaries. These species were selected through
consultation with Aboriginal peoples, government and industry representatives, and
include goldeye, lake whitefish, longnose sucker, white sucker, northern pike, trout-
perch, and walleye (CEMA 2001, RAMP 2009b). Although the Fish Populations
component evaluates the integrity of the total fish community, particular emphasis is
placed on the selected key fish species based on their ecological importance and value to
local communities.

Acid-Sensitive Lakes

The Regional Sustainable Development Strategy (RSDS) identified the importance of
protecting the quality of water, air, and land within the Athabasca oil sands region
(AENV 1999a). Acid deposition was identified in the RSDS as a regional issue. Actions
taken to address this issue were designed to support the goal of conserving acid-sensitive
soils, rivers, lakes, wetlands and associated vegetation complexes as a result of the
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deposition of acidifying materials. The RSDS called for the collection of information on
this issue through long-term monitoring of regional receptors of acidifying emissions
under TEEM for terrestrial receptors and RAMP for aquatic receptors.

The Acid-Sensitive Lakes (ASL) component of RAMP was initiated in 1999 to conduct
annual monitoring of water chemistry in regional lakes to determine long-term changes
in these lakes in response to acid deposition on these lakes and their catchment basins.
The objectives of the ASL component are to:

= establish a database of water quality to detect and assess cumulative effects and
regional trends that would provide specific measurement endpoints capable of
detecting incipient lake acidification;

= collect scientifically defensible baseline and historical data (both chemical and
biological) to characterize the natural variability of these measurement
endpoints in the regional lakes;

= collect data on the regional lakes against which predictions contained in
environmental impact assessments (EIAs) could be verified; and

* quantify and document individual lake sensitivity to acidification.

Lakes are monitored for various chemical and biological variables that are capable of
indicating long-term trends in acidification, including: pH; total alkalinity and Gran
alkalinity (acid-neutralizing capacity); base cations; sulphate; chloride; nitrates; dissolved
organic carbon; dissolved inorganic carbon; and chlorophyll.

The ASL component contains the following features:

1. The locations of the lakes are selected to represent a gradient in acid
deposition from both current and anticipated developments in the RAMP
FSA.

2. For scientific validity, the lake selection includes lakes in the Caribou

Mountains and Canadian Shield that are distant from the sources of
acidifying emissions.

3. Certain regional lakes, which have been the subject of long-term monitoring
by AESRD, are included to maintain the continuity of their data and to
provide additional information on potential trends.

4. The lakes selected for monitoring exhibit moderate to high sensitivity to
acidification as defined by a total alkalinity less than 400 peq/L.

5. Sampling occurs in the fall season. While fall sampling captures a picture of
lake water chemistry after conditions have stabilized after high spring flows,
it does not necessarily capture any acidification at other times of the year
such as spring pulses of acidity during snowmelt.

6. In recent surveys, small waterbodies (ponds) have been included in the ASL
component because of their proximity to focal projects and the possibility
that they might be low in alkalinity and; therefore, more sensitive to acid
deposition.
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1.4.6 Alignment with the JOSM Plan

Where similarities exist in monitoring, RAMP has been working with the JOSM Plan to
align monitoring activities and collaborate on field surveys.

1.4.7 Overall Analytical Approach for 2012

The overall analytical approach for the 2012 RAMP Technical Report is a weight-of-
evidence approach that builds on analytical approaches used in RAMP in previous
years and are described in the RAMP Technical Design and Rationale (RAMP 2009b)
(Figure 1.4-1). Key features of the overall analytical approach are as follows.

First, the analysis for each RAMP component uses a set of measurement endpoints
(Table 1.4-1) representing the health and integrity of valued environmental resources
within the component. These are the same measurement endpoints that were used in the
RAMP 2004 to 2011 Technical Reports (RAMP 2005, RAMP 2006, RAMP 2007,
RAMP 2008, RAMP 2009a, RAMP 2010, RAMP 2011, and RAMP 2012).

Second, the analysis of RAMP results for 2012 compared to previous monitoring years is
conducted for the Athabasca River and ARD, as well as at the watershed/river basin
level to assess temporal trends.

Third, a set of criteria are used for determining whether or not there has been a change in
the values of the measurement endpoints between: (i) fest stations; and (ii) baseline
conditions outside of the range of natural variability (Table 1.4-1).

Fourth, the magnitude of these changes in the values of the measurement endpoints is
summarized and locations or watersheds with moderate or high levels of change become
candidate sites for additional studies to identify the causes of the changes being
measured.
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Figure 1.4-1 Overall analytical approach for RAMP 2012.
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Table 1.4-1 Measurement endpoints and criteria for determination of change used in the analysis for the RAMP 2012 Technical
Report.
RAMP Measurement Endpoints Used in - - . )
Component 2012 Technical Report* Criteria for Determining Change Used in 2012 Technical Report
Climate and Mean open-water season discharge Differences between observed test and estimated baseline hydrographs (i.e., the hydrograph that would have been observed had
Hydrology Mean winter discharge focal projects and other oil sands developments not occurred in the drainage, so that changes in water withdrawals, discharges,

Water Quality

Benthic
Invertebrate
Communities

Sediment
Quality

Annual maximum daily discharge
Open-water season minimum daily discharge

pH

Total suspended solids

Dissolved phosphorus

Total nitrogen and nitrate-nitrite
Various ions (sodium, chloride, sulphate)
Total alkalinity, Total dissolved solids
Dissolved organic carbon

Total and dissolved aluminum

Total arsenic, Total boron

Total molybdenum, Total strontium
Ultra-trace mercury, Naphthenic acids
Various PAH end-points, including:
Total PAHs

Total Low-Molecular Weight PAHs
Total High-Molecular Weight PAHs
Naphthelene, Retene

Total dibenzothiophenes

Overall ionic composition

Abundance

Richness (number of taxa)

Simpson'’s Diversity

Equitability

Abundance of EPT (mayflies, stoneflies,
caddisflies)

Axes of Correspondence Analysis ordination

Particle size distribution (clay, silt and sand)
Total organic carbon

Total hydrocarbons (CCME and Alberta Tier 1)
Various PAH end-points, including:

Total PAHs

Total Low-Molecular Weight PAHs

Total High-Molecular Weight PAHs
Naphthelene, Retene

Total dibenzothiophenes

Predicted PAH toxicity

Metals, Chronic toxicity

and diversions are accounted for) as follows: Negligible-Low: + 5% ; Moderate: + 15%;High: > 15%.

Comparison to range of regional baseline conditions.
Comparison to CCME and other water quality guidelines.

Calculation of water quality index based on CCME water quality index found at
http://www.ccme.ca/ourwork/water.html?category id=102 , with water quality index scores classified as follows:

80 to 100: Negligible-Low difference from regional baseline conditions
60 to 80: Moderate difference from regional baseline conditions
Less than 60: High difference from regional baseline conditions

Exceedance of regional range of baseline variability for the selected measurement endpoints based on the mean and standard
deviation, with regional range defined as x +2sp , and statistically significant differences between measurement endpoints in test
reaches/lakes as compared to baseline reaches/lakes;

1. Negligible-Low: no strong statistically significant difference in any measurement endpoint between test and baseline
reaches/lakes

2. Moderate: strong statistically significant difference in one any measurement endpoint between test and baseline reaches/lakes,
with low “noise” in the statistical test, but no measurement endpoint outside baseline range of natural variation

3. High: statistically significant difference in one any measurement endpoint between test and baseline reaches/lakes and either: (i)
at least three measurement endpoints outside baseline range of natural variation or (ii) at least one measurement endpoint
outside baseline range of natural variation for three consecutive years

Comparison to CCME Interim Sediment Quality Guidelines (ISQG) and other guidelines.

Calculation of sediment quality index based on CCME water quality index found at
http://www.ccme.ca/ourwork/water.html?category id=103, with sediment quality index scores classified as follows:

80 to 100: Negligible-Low difference from regional baseline conditions
60 to 80: Moderate difference from regional baseline conditions
Less than 60: High difference from regional baseline conditions

! The measurement endpoints do not include a complete list of variables that were analyzed for water and sediment quality. A complete list can be found in Table 3.1-4 and Table 3.1-9.

CCME is the Canadian Council of Ministers of the Environment. USEPA is the United States Environmental Protection Agency.
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Table 1.4-1 (Cont'd.)

Criteria for Determining Change Used in 2012 Technical Report

RAMP Measurement Endpoints Used in 2012
Component Technical Report

Fish Relative abundance (catch per unit effort)
Populations: Age-frequency

Fish Inventory  percent composition
Condition factor

Fish Abundance

Populations: Richness (number of taxa)
Fish Simpson’s Diversity
Assemblage Assemblage Tolerance Index
Monitoring

Fish Mercury concentration in fish muscle tissue
Populations:

Fish Tissue

Fish Age

Populations: Growth

Sentinel Gonadosomatic Index (GSI)
Spe(;le; Condition Factor

Monitoring

Liversomatic Index (LSI)

Acid-Sensitive Critical Load of acidity
Lakes pH

Gran alkalinity

Base cation concentrations
Nitrate plus nitrite concentrations
Dissolved Organic Carbon

Aluminum

The RAMP fish inventory activity is generally considered to be a stakeholder-driven activity that is best suited for assessing general
trends in abundance and population parameters for large-bodied species. It is not specifically designed for assessing environmental
effects of focal project activities.

Exceedance of at least three measurement endpoints from the regional range of baseline variability based on the mean and
standard deviation, with regional range defined as X =2sp .

1. Negligible-Low: no exceedances of any measurement endpoint from the range of baseline variability.
2. Moderate: exceedances of at least three of the four measurement endpoints from the range of baseline variability.
Statistical comparisons were not completed given that there are only two years of data for more reaches.

Risk to Human Health

Negligible-Low: Fish tissue concentrations for mercury below USEPA and Health Canada criteria for recreational and subsistence
fishers and the general consumer.

High (subsistence): Fish tissue concentrations for mercury above USEPA and Health Canada criteria for subsistence fishers, but
below criteria for recreational fishers and general consumers.

High (general consumer): Fish tissue concentrations for mercury above USEPA and Health Canada criteria for general consumers,
and recreational and subsistence fishers.

Comparison to Environment Canada’s Environmental Effects Monitoring (EEM) criteria (Environment Canada 2010) where an effect is
determined by a difference of + 10% in condition, + 25% in age, growth, GSI, and LSI of fish at the test reach relative to fish condition at
the baseline reach.

Negligible-Low: no exceedance greater than + 10% in condition, + 25% in age, growth, GSI, or LSI of fish at test site compared to
condition of fish at baseline site

Moderate: exceedance greater than + 10% in condition, + 25% in age, growth, GSlI, or LS| of fish at test site compared to condition of
fish at baseline site, but not in two consecutive years of sampling including the current year

High: exceedance greater than + 10% in condition + 25% in age, growth, GSI, or LSI of fish at test site compared to condition of fish at
baseline site, and exceedance observed in two consecutive years of sampling including the current year

Exceedance of Critical Load of acidity of a particular lake by the measured or modeled value of the Potential Acid Input (PAI) to that
lake.

A statistically significant change in any of the measurement endpoints beyond natural variability, resulting in a reduction of lake pH,
Gran alkalinity, Critical Load or base cation concentrations or an increase in nitrates or aluminum concentrations.

For each lake, mean and standard deviation calculated for each of seven measurement endpoints over all the monitoring years.
The number of lakes in 2012 within each subregion with endpoint values greater than two standard deviations from the mean is
calculated.

Negligible-Low: subregion has <2% of endpoint-lake combinations exceeding + 2SD criterion.
Moderate: subregion has 2% to 10 % of endpoint-lake combinations exceeding + 2SD criterion.
High: subregion has > 10% of endpoint-lake combinations exceeding + 2SD criterion.

! The measurement endpoints do not include a complete list of variables that were analyzed for water and sediment quality. A complete list can be found in Table 3.1-4 and Table 3.1-9.
CCME is the Canadian Council of Ministers of the Environment. USEPA is the United States Environmental Protection Agency.
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1.5

ORGANIZATION OF THE RAMP 2012 TECHNICAL REPORT

Together with this Introduction, the RAMP 2012 Technical Report contains nine sections
within which the results of the 2012 RAMP monitoring program developed by the RAMP
Technical Program Committee and implemented by the Hatfield Team are presented.

Section 2: Activities in the RAMP Focus Study Area in 2012 - This section contains:
= adescription of the activities in 2012 for each of the focal projects;

= a list of projects owned by 2012 industry members of RAMP that were in the
application stage as of 2012, or which received approval in 2012 (or earlier) but
were not in the construction phase as of 2012;

= alist of active oil sands projects in the RAMP study areas owned or operated by
companies that were not members of RAMP in 2012;

= alist of report focal project water withdrawal and discharge locations; and

* a summary of land change occurring up to 2012 as a result of development of
focal projects.

This provides a synthesis of information related to development activities that may be
influencing aquatic environmental resources within the RAMP FSA.

Section 3: 2012 RAMP Monitoring Activities — This section of the report contains concise
descriptions of the RAMP monitoring program that was conducted in 2012 for each
RAMP component, and includes:

= anoverview of the 2012 program;

= a description of any other information that was obtained (i.e., information from
regulatory agencies, 2012 industry members of RAMP, RAMP stakeholders, and
other oil sands operators, knowledge obtained from local communities, and
other sources);

=  an overview of field methods;
= adescription of changes in monitoring network from the 2011 field program;

* a description of the challenges and issues encountered during 2012 and the
means by which these challenges and issues were addressed; and

= asummary of the component data that are now available.

Each component section of Section 3 then presents a description of the detailed approach
used for analyzing the RAMP data, including:

= adescription and explanation of the measurement endpoints that were selected;

= a description of the statistical, graphical, or other analyses that were performed
on the monitoring data to assess whether or not changes in the selected
measurements endpoints have occurred over time and space; and

= adescription and explanation of the criteria that were used in assessing whether
or not changes in the selected measurement endpoints have occurred.
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Section 4: Climatic and Hydrologic Characterization of the RAMP FSA in 2012 - This
section of the report describes the 2012 water year (WY) (November 1, 2011 to October 31,
2012) and how the 2012 WY compares with previous years with respect to climatic and
hydrologic conditions. This information helps set the context for the results, analyses, and
assessments presented in Section 5.

Section 5: Assessment of 2012 Results - This is the main results section of the RAMP
2012 Technical Report, consisting of two major parts:

= Section 5.1 is the report of 2012 findings for the mainstem Athabasca River and
the Athabasca River Delta;

= Sections 5.2 to 513 are watershed-level reports of the 2012 findings for
hydrology, water quality, benthic invertebrate communities and sediment
quality, and fish populations; and

* Section 5.14 is the report of 2012 findings for the Acid-Sensitive lakes
component.

Each of these sections presents the RAMP results following the analytical approaches
contained in each of the component sections of Section 3, as described above. Each section
begins with a summary assessment of the overall status of aquatic environmental
resources and possible relation to focal projects.

Section 6: Special Studies - This section of the report contains studies that are not part of
the core monitoring program but have been initiated to aid in improving the monitoring
program or to gain additional information on aquatic resource monitoring in relation to oil
sands development.

Section 7: Conclusions and Recommendations - This section of the report contains
a summary of the findings, conclusions, and recommendations from RAMP 2012. The
recommendations include proposed changes to the RAMP monitoring network for future
years based on the results for 2012.

The main report concludes with Section 8: References and Section 9: Glossary and List
of Acronyms. In addition, the report is supported by a series of technical appendices that
present the detailed analytical results and supporting material for each RAMP
component.

All RAMP data are publicly available on the RAMP website (www.ramp-alberta.org).
The database is updated each year following the completion of the RAMP Technical
Report.
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2.0

2.1

2.2

2.3

231

SUMMARY OF FOCAL PROJECT ACTIVITIES IN 2012

This section provides information on oil sands and other developments in the Focus
Study Area (FSA) of the Regional Aquatics Monitoring Program (RAMP) needed to
support the assessment of the 2012 monitoring results. In particular, this information is
important for confirming the classification of sampling stations as baseline or test as
development continues to expand over time resulting in changes to these classifications.
Five sets of information are looked at: development status of focal projects; development
status of other oil sands projects in the RAMP FSA; summary of focal project activities in
2012; summary of focal project water withdrawals and discharges from surface water
sources; and RAMP FSA land change analysis for 2012.

DEVELOPMENT STATUS OF FOCAL PROJECTS

The development status of all RAMP industry member projects, as of the end of 2012 in
the RAMP FSA, is presented in Table 2.3-1. In the RAMP FSA, areas downstream of focal
projects that have started land disturbance activities are designated as test. Data obtained
from sampling stations in these test areas are also designated as test for the purposes of
analysis, assessment, and reporting (Section 1.4.4). Conversely, areas of the RAMP FSA
that are upstream of focal projects or downstream of focal projects that have no specified
year of first disturbance are designated as baseline. Data obtained from sampling stations
in these baseline areas are also designated as baseline for the purposes of analysis,
assessment, and reporting. Additional information provided in Table 2.3-1 is used to
interpret the 2012 monitoring results for all RAMP components.

DEVELOPMENT STATUS OF OTHER OIL SANDS PROJECTS

There were nine approved oil sands projects active in the RAMP FSA in 2012 whose
operators were not members of RAMP in 2012 (Table 2.3-2). This information is used in
specific analyses conducted in the Water Quality component (Section 3.2.2.2, Table 3.2-3)
and Benthic Invertebrate Communities component (Section 3.2.3.1).

SUMMARY OF FOCAL PROJECT ACTIVITIES IN 2012

The information, with respect to any changes to watercourses within a watershed that
might influence water and sediment quality, and benthic invertebrate and fish habitat,
provided in this section is used to interpret the 2012 monitoring results for all RAMP
components. Water discharge and withdrawal information provided in this section is
used for the analysis, assessment, and reporting in the Climate and Hydrology component
(Section 3.2.1.4). The information provided in this section reflects changes within the 2012
Water Year (ie, November 1, 2011 to October 31, 2012) for consistency with analyses
conducted for the Climate and Hydrology Component.

Suncor Energy Inc.

As of 2012, development activities were underway for 12 of Suncor’s 22 focal projects
(i.e., projects with a specified first year of disturbance, Table 2.3-1). Suncor focal project
activities and related use/discharge of water in 2012 included:

* Millennium and Voyageur Mines - discharge of approximately 0.16 million m3
of water from holding ponds and site drainage at the Voyageur Upgrader, and
withdrawal of 27.02 million m3 from the Athabasca River;
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Table 2.3-1 Status and activities of developments owned by 2012 industry members of RAMP in the RAMP Focus Study Area.

2012 RAMP Focal Location Type of 1 Year of Year of First
Industry Member Development Projects (Township-Range-Meridian) Opﬁ;ation Capacity Application Disturbance 2012 Status
Suncor Energy Lease 86/17 v 92-10-W4M mine 280,000 1964 1967 Closed in 2002
Steepbank Mine v 91,92-9-W4M mine 294.000 1996 1997 Operational
Millennium Mine v 91,92-9-W4M mine ’ 1998 2000 Operational
Steepbank Debottleneck Phase 3 R mine 4,000 2007 Operational
North Steepbank Mine Extension v 92,93-9-W4M mine 180,000 2006 2007 Operational
Millennium Debottlenecking v mine 23,000 2008 Operational
Voyageur: Voyageur Upgrader 3 Phase 1 R mine 127,000 2005 - Approved
Voyageur: Voyageur Upgrader 3 Phase 2 v 91,92-10-W4M mine 63,000 - Approved
Voyageur: South Phase 1 R mine 120,000 2007 - Application
Firebag (Stage 1 and 2, and expansion) v in situ 95,000 2000 2002 Operational
Firebag Stage 3 :// in situ 42,500 - 2004 Operational
Firebag Stage 4 in situ 42,500 - 2011 Operational
Firebag Stage 5 v 93,94,95,96-4,5,6,7-W4M in situ 62,500 - - Approved
Firebag Stage 6 v in situ 62,500 - - Approved
Firebag Stages 3-6 Debottlenecking :// in situ 23,000 - - Application
Fort Hills Phase 1 mine 165,000 2001 2005 Approved
Fort Hills Debottleneck R 96-11-W4M, 97,98-10-W4M mine 25,000 - - Aggroved
Lewis Phase 1 and 2 91-6,7,8-W4M in situ 80,000 - - Application
MacKay River Phase 1 v 92, 93-12-W4M in situ 33,000 1998 2000 Operational
MacKay River Expansion (MR2) R 92, 93-12-W4M in situ 40,000 2005 - Application
Meadow Creek Phase 1 and 2 84,85-8,9,10-W4M in situ 80,000 2001 - Approved
Syncrude Canada g"'g;gn';ﬁ)k: and Aurora North Base Mine Stage 1 and N 6-93-10-W4M; 96-9,10,11-W4M mine 290,700 1973 1973 Operational
Mildred Lake and Aurora North Stage 3 Expansion v 6-93-10-W4M; 96-9,10,11-W4M mine 116,300 2001 - Operational
Aurora South Train 1 and 2 Y mine 200,000 - 2012 Approved
Shell Canada Energy Muskeg River Mine Commercial \/ 95-10-W4M mine 155,000 1997 2000 Operational
Muskeg River Mine Expansion & Debottlenecking :// 95-8,9-W4M, 94-10-W4M mine 115,000 2005 2009 Approved
Jackpine Mine Phase 1A mine 100,000 2002 2006 Operational
Jackpine Mine Phase 1B v 95-8-W4, 95-9-W4 mine 100,000 - - Approved
Jackpine Mine Expansion R 96,97-8,9-W4M mine 100,000 2007 2017 Application
Pierre River Mine Phase 1 and 2 v 97,98,99-10,11-W4M mine 200,000 2007 2018 Application
Canadian Natural Horizon Phase 1 \/ mine 135,000 2002 2004 Operational
Horizon Phase 2A \ 96-11/12-W4M, 96-13-W4M, 97-11- mine 10,000 - 2014 Construction
Horizon Phase 2B v W4M, mine 45,000 - - Approved
Horizon Phase 3 v 97-12-W4M, 97-13-W4M mine 80,000 - - Approved
Horizon Tranche 2 N mine 5,000 - 2010 Operational
Kirby North Phase 1 :// in situ 40,000 - 2016 Application
Kirby North Phase 2 in situ 40,000 - - Application
Kirby South Phase 1 N 73,74,75-7,8,9-W4M in situ 40,000 - - Construction
Kirby South Phase 2 v in situ 20,000 - - Application
Imperial Oil Resources Kearl Lake Phase 1 N mine 110,000 2005 2009 Construction
Kearl Lake Phase 2 \ 95,96,97-6,7,8-W4M mine 110,000 - - Construction
Kearl Lake Phase 3 Debottleneck v mine 70,000 - - Approved
Nexen Long Lake Project Phase 1 v in situ 72,000 2000 2003 Operational
Long Lake Project Phase 2 Y 85-6-W4M in situ 72,000 2000 - Approved
Long Lake Project Phase 3 R in situ 72,000 - - Application
Long Lake South Pro!ect (K!nos!s) Phase 1 v 84-7-WaM in situ 80,000 2006 _ Approved
Long Lake South Project (Kinosis) Phase 2 y Approved
Notes: Information in this table obtained from Dowdeswell et al. (2010), Government of Alberta (2012), ERCB (2012), Energy Resources Conservation Board (ERCB) project approvals, project environmental

impact assessment (EIA) documents, and company websites.
SAGD is steam-assisted gravity drainage.

1

Unless otherwise stated, units are in bpd.
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Table 2.3-1

(Cont’'d.)

2012 RAMP Development Fqcal ‘Location o Type pf Capacityl Yefir o‘f Ygar of First 2012 Status
Industry Member Projects (Township-Range-Meridian) Operation Application Disturbance
Total E&P Joslyn Joslyn, SAGD Phase | v in situ 2,000 unknown 2003 Suspended
94,95,96-11-W4M, o
Joslyn, SAGD Phase || N 04-12-W4aM in situ 10,000 2004 2005 Suspended
Joslyn North Mine Project Phase 1 R mine 100,000 2006 2011 Approved
Northern Lights E 98,99-5,6,7-W4M mine 115,000 2006 - On Hold
Husky Energy Sunrise Phase 1 L 60,000 - - Construction
Sunrise Phase 2-4 Y 94-97-6,7-WaM in situ 150,000 - - Approved
Hammerstone Muskeg Valley Quarry N 94,95-10-W4M quarry "m‘?}]‘q’"”,ﬁ)ﬁrggr“"t' 2004 2005 Operational
Hammerstone Quarry N 94-10-W4M quarry |'mf85tr?,lri1|ﬁ0%r?;:}rmt‘ 2006 - Application
Cenovus Energy Telephone Lake Borealis Phase A and B v 94,95-3-W4M in situ 90,000 - - Application
Christina Lake Phase 1A and 1B N in situ 18,800 - 2002 Operational
Christina Lake Phase C v in situ 40,000 - - Operational
Christina Lake Phase D N 75,76-5,6-W4M in situ 40,000 - - Operational
Christina Lake Phase E N in situ 40,000 2009 - Construction
Christina Lake Phase F and G :// in situ 100,000 2009 - Approved
Narrows Lake Phase 1 in situ 45,000 2010 - Construction
Narrows Lake Phase 2 and 3 v 76,77-6,7-WaM in situ 85,000 2010 - Approved
ConocoPhillips Surmont Phase 1 v in situ 27,000 2001 2004 Operational
Surmont Phase 2 N 81,82,83-5,6,7-W4M in situ 109,000 - 2010 Construction
Pilot v in situ 1,200 - 1997 Operational
Devon Energy Jackfish Phase 1 v in situ 35,000 2003 2005 Operational
Jackfish Phase 2 v 75,76-6,7-W4M in situ 35,000 2006 2008 Operational
Jackfish Phase 3 v in situ 35,000 2010 2011 Construction
Pike 1A, 1B, and 1C Y 73,74,75-4,5,6,7,8-W4M in situ 105,000 — — Application
MEG Energy Christina Lake Phase 1 Pilot N in situ 3,000 2004 2005 Operational
Christina Lake Phase 2A \/ in situ 22,000 2005 2007 Operational
Christina Lake Phase 2B R in situ 35,000 2007 2007 Construction
o 76,78-4,6-W4M P
Christina Lake Phase 3A v in situ 50,000 2008 - Approved
Christina Lake Phase 3B R in situ 50,000 2009 - Approved
Christina Lake Phase 3C v in situ 50,000 2011 - Approved
Surmont Phase 1-3 v 81,82-5-W4M in situ 123,000 2012 - Application
JACOS Hangingstone Pilot N 84-10,11,12-W4M in situ 11,000 - 1999 Operational
Hangingstone Expansion v in situ 35,000 - 2014 Application
Dover Operating Corp. MacKay River Phase 1 v 92 93-12-WaM in situ 35,000 2010 2010 Construction
Mackay River Phase 2-4 :// ’ in situ 115,000 2010 2010 Approved
Dover North Phase 1 and 2 in situ 100,000 2010 2010 Application
Dover South Phase 3-5 Y 87,88,89,90,91-12-W4M in situ 150,000 2010 2010 Agglication
Teck Resources Ltd. Frontier Phase 1-3 and Phase 4 Equinox v 99-11, 100,101-9,10,11-W4M mine 275,000 2011 2020 Application
Statoil Canada Ltd. Kai Kos Dehseh Corner v in situ 40,000 Approved
Kai Kos Dehseh Corner Expansion R in situ 40,000 Application
Kai Kos Dehseh Hangingstone v in situ 20,000 Application
Kai Kos Dehseh Leismer R in situ 10,000 Approved
Kai Kos Dehseh Leismer Demonstration R 19 to 21, 26, 28, 29 to in situ 10,000 Operational
Kai Kos Dehseh Leismer Expansion v 33-78-9-W4M in situ 20,000 Approved
Kai Kos Dehseh Leismer Northwest R in situ 20,000 Approved
Kai Kos Dehseh Leismer South v in situ 20,000 Approved
Kai Kos Dehseh Thornbury v in situ 40,000 Application
Kai Kos Dehseh Thornbury Expansion Y in situ 20,000 Application

Notes: Information in this table obtained from Dowdeswell et al. (2010), Government of Alberta (2012), ERCB (2012), Energy Resources Conservation Board (ERCB) project approvals, project EIA documents,
and company websites.

SAGD is steam-assisted gravity drainage.
Unless otherwise stated, units are in bpd.
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Table 2.3-2  Ap

Firebag In Situ Project - discharge to the Firebag River watershed of
0.03 million m3® of water for water management activities and water
withdrawals of 0.07 million m® from the Muskeg River watershed to support
dust suppression activities;

MacKay In Situ Project - water withdrawals from various locations in the
MacKay River watershed, totaling 0.01 million m3; and

Steepbank Mine - water withdrawals of approximately 0.02 million m? from a
location in the northern area of the Steepbank River watershed to support
activities including dust suppression.

proved oil sands projects within the RAMP FSA operated by non-

RAMP members, as of 2012.

Location

. : Type of
Operator Project (Tow’\r)lzrihpi:;?nge- Opyer;ation
;Ztsrgsir;l;llf_?grgy and WhitesandsFI)Eré[j):crimental Pilot 76,77-8,9-W4M in situ
Southern Pacific Resource STP McKay 91-14,15-W4M in situ
Corp.
Connacher Oil and Gas Ltd. Great Divide and Algar 82,83-11,12-W4M in situ
N-Solv Corp. Dover Demonstration 93-12-W4M in situ
Athabasca Oil Corp. Hangingstone Phase 1 86,87,88-10,11,12,13-W4M In situ
BP p.l.c. Terre de Grace Pilot 95,96,97-13,14-W4M in situ
E-T Energy Ltd. Poplar Creek Experimental Pilot 90-9,10-W4M in situ
Sunshine Oilsands Ltd. Harper 95,96,97,98,99,100,101,102 in situ

-20,21,22,23,24,25-W4M

Sunshine Oilsands Ltd. West Ells 94,95,96-17,18-W4M
Grizzly Oil Sands ULC. Algar Lake Phase 1 and 2 85-12-W4M in situ
Harvest Operations Corp. BlackGold Phase 1 76-7-W4M in situ

! N-Solv Corp. Dover Demonstration project is located on the Suncor Dover lease.

Information obtained from OSDG (2012), Government of Alberta (2012), ERCB (2012), Energy Resources Conservation
Board (ERCB) project approvals, project EIA documents, and company websites.

2.3.2 Syncrude Canada Ltd.

Syncrude’

s operational focal projects in 2012 included the Mildred Lake and Aurora

North Stage 1 and 2 Expansion and the Mildred Lake and Aurora North Stage 3
Expansion (Table 2.3-1). Other approved projects included the Aurora South trains 1
and 2. Syncrude focal project activities' use and discharge of water in 2012 included:

water withdrawal of 39.1 million m3 from the Athabasca River;

discharge of 0.29 million m3 of treated domestic wastewater to the Athabasca
River;

discharge of 0.51 million m? to Poplar Creek via the Poplar Creek Spillway; and
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2.3.3

234

2.3.5

2.3.6

= discharge of 5.50 million m? of water from surface runoff, muskeg dewatering,
or basal water to Stanley Creek as part of the Aurora Clean Water Diversion
system.

Shell Canada Energy

Shell Canada Energy focal projects in 2012 included the Muskeg River Mine and the
Jackpine Mine Phase 1A (Table 2.3-1). Approved projects included the Muskeg River
Mine Expansion and Debottlenecking operations and the Jackpine Mine Phase 1B
(Table 2.3-1). The Jackpine Mine Expansion and Pierre River Mine project are still in the
application phase (Table 2.3-1). Shell Canada Energy focal project activities’ use and
discharge of water in 2012 included:

* Muskeg River Mine - water withdrawals from the Athabasca River of
6.08 million m3; and

= Jackpine Mine - water withdrawals of 8.68 million m3 from the Athabasca
River.

Canadian Natural Resources Ltd.

As of 2012, the Canadian Natural Horizon project was operational; the Kirby South Phase
1 project was in the construction stage; and the Kirby North Phase 1 was in the
application stage (Table 2.3-1). Water use and discharge activities in 2012 included:

= Horizon Project - water withdrawals of 22.31 million m® from the Athabasca
River; and

= Kirby Project - water withdrawals of approximately 0.01 million m?® from the
Christina River watershed for drilling and ice road construction activities.

Nexen Inc.

The Nexen Inc. Long Lake Project Phase 1 was operational in 2012, Phase 2 of the project
was approved, and Phase 3 was in the application phase (Table 2.3-1). The Long Lake
South (Kinosis) Project phases 1 and 2 were approved in 2012 (Table 2.3-1). The Long
Lake Phase 1 project activities in 2012 included water withdrawals of approximately
0.077 million m3 from surface water sources in the Christina River watershed for dust
suppression and other project activities.

Imperial Oil Resources

The Imperial Oil Resources Kearl Project Phase 1 and Phase 2 were under construction in
2012 and the Kearl Phase 3 Debottleneck was approved (Table 2.3-1); Kearl project
activities related to water use and discharge in 2012 included:

= discharges of 0.68 million m3 to the Athabasca River; and

=  water withdrawals of 11.15 million m3 from the Athabasca River.
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2.3.7

2.3.8

2.3.9

2.3.10

2311

2.3.12

Total E&P Canada Ltd.

The Total E&P Joslyn North Mine Project Phase 1 received approval in 2012 (Table 2.3-1).
Activities for the Joslyn North Mine project in 2012 included:

= water diversions of approximately 0.01 million m3 from six locations within the
Ells River watershed to support winter drilling and construction activities;

= water withdrawals of 64 m® from the MacKay River watershed for drilling and
construction activities;

= water withdrawals of approximately 0.01 million m?® of water from three
locations within Tar River watershed to support winter drilling and
construction activities; and

= water discharges of 0.02 million m? to the Athabasca River from sedimentation
ponds.

Husky Energy

The Husky Energy Sunrise project Phase 1 was under construction in 2012, and phases 2,
3, and 4 were approved (Table 2.3-1). Project activities included water discharges of
approximately 0.01 million m? from the Sunshine project treatment plant.

Hammerstone Corp.

The Hammerstone Muskeg Valley Quarry project was operational and the Hammerstone
Quarry project was in the application phase in 2012 (Table 2.3-1). The Muskeg Valley
Quarry project did not require surface water withdrawals for production and had no
direct discharges to surface waterbodies.

ConocoPhillips Canada

The ConocoPhillips Surmont Pilot and Phase 1 projects were operational in 2012
(Table 2.3-1) and diverted approximately 0.051 million m3 of water from various lakes in
the Christina River watershed, for drilling purposes. The Surmont Phase 2 Project was
under construction in 2012.

Devon Energy Canada

The Devon Canada Jackfish Phase 1 and Phase 2 projects were operational in 2012 and
the Phase 3 project was in the construction stage (Table 2.3-1), but did not require surface
water withdrawals for production and had no direct discharges to surface waterbodies.

Dover Operating Corp.

In 2012, the Dover Operating Corp. MacKay River Project Phase 1 was under
construction and phases 2 to 4 were approved (Table 2.3-1). The Dover North and South
projects were in the application phase in 2012 (Table 2.3-1).
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2.3.13

2.3.14

2.3.15

2.3.16

2.3.17

2.4

MEG Energy Corp.

The MEG Energy Christina Lake Project Phase 1 Pilot and Phase 2A were operational in
2012; Phase 2B was under construction; and phases 3A, 3B, and 3C were approved
(Table 2.3-1). In 2012, water withdrawals included approximately 0.07 million m? from
within the Christina River watershed.

Japan Canada Oil Sands Limited (JACOS)

The Japan Canada Oil Sands Limited (JACOS) Hangingstone Pilot Project was
operational in 2012 and the Expansion project was in the application phase (Table 2.3-1).
The JACOS project did not require surface water withdrawals for production and had no
direct discharges to surface waterbodies.

Teck Resources Ltd.

The Teck Resources Ltd. Frontier Project phases 1 to 3 and Phase 4 Equinox were in the
application phase in 2012.

Cenovus Energy Inc.

As of 2012, the Cenovus Energy Inc. Christina Lake Project phases 1A, 1B, C, and D were
operational, Phase E was under construction, and Phases F and G were approved
(Table 2.3-1). The Narrows Lake Project Phase 1 was under construction in 2012 and
Phases 2 and 3 were approved. The Telephone Lake Borealis Project Phases A and B were
in the application phase. In 2012, The Christina Lake Project did not require surface water
withdrawals for production and had no direct discharges to surface waterbodies.

Statoil Canada Ltd.

Statoil Canada Limited (Statoil) became a new member of RAMP in 2012. The Leismer
Demonstration Project was operational in 2012; the Corner, Leismer Commercial, and
Leismer Expansion projects were approved; and the Corner Expansion, Hangingstone,
Leismer Northwest, Leismer South, Thornbury, and Thornbury Expansion projects were
in the application phase. Water withdrawals were approximately 0.012 million m? from
the Christina River watershed in 2012 for drilling activities at the Leismer Demonstration
Project.

WATER USE RELATED TO FOCAL PROJECT ACTIVITIES IN 2012

Oil sands developments obtain water for their operations largely from nearby surface
water or groundwater sources. To accurately assess the hydrologic conditions of each
watershed for the RAMP Climate and Hydrology Component, water withdrawal and
discharge data were collected from RAMP industry members and incorporated into the
hydrologic water balance model outlined in Section 3.2.1.4. The hydrologic water balance
model incorporates only water that was withdrawn from one surface waterbody and
discharged directly to another surface waterbody. The source of water withdrawals and
location of discharge points in the RAMP FSA for each focal project are provided in
Figure 2.5-1.
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2.5 LAND CHANGE AS OF 2012 RELATED TO DEVELOPMENT
ACTIVITIES

Land change, as of 2012 related to development activities, was estimated with satellite
imagery in conjunction with more detailed maps provided by a number of RAMP
industry members. Thirteen SPOT-5 10-m resolution images (seven north of Fort
McMurray and six south of Fort McMurray) taken on June 7, June 21, June 26, July 7, July
8, August 18, and September 3, 2012 and two Landsat-7 30-m resolution images (one south
and one north of Fort McMurray) taken on June 26, and September 28, 2012 were
obtained. Aland change classification protocol was developed and applied to the
imagery to identify and delineate two types of land change in 2012 from the projects
listed in Table 2.3-1 and Table 2.3-2. Developed areas where there is no natural exchange
of water with the rest of the watershed (e.g., tailings ponds) are designated as
hydrologically closed-circuited. Developed areas where there is natural exchange of
water with the rest of the watershed (e.g., cleared land) are designated as not
hydrologically closed-circuited.

Because of the resolution of the satellite imagery, SAGD well pads were about the
smallest oil sands development entity that was delineated. Details of the land change
estimation procedure are provided in Appendix A. Drafts of the land change maps were
provided to RAMP members for review, and recommendations for revision of the maps
were used to produce the final set of 2012 land change maps.

Land change area as of 2012 is presented in Figure 2.5-2 and Figure 2.5-3 for north and
south of Fort McMurray, respectively.

Table 2.5-1 and Table 2.5-2 provide tabular summaries of the total and percent land
change in each of the main watersheds by each land change type, for focal projects, and
non-RAMP oil sands projects within the RAMP FSA. Land change as of 2012 within the
RAMP FSA was estimated at approximately 105,700 ha for focal projects and
approximately 400 ha for oil sands projects operated by companies who were not members
of RAMP in 2012, for a total of approximately 106,100 ha. The land change area for focal
projects increased from 93,500 ha in 2011, but the land change area for oil sands projects
operated by companies who were not RAMP members has decreased from 700 ha in 2011.
This decrease reflects the addition of Statoil as a new member of RAMP in 2012; thereby
adding the land change from Statoil’s development to the total focal project land change
area. The total area of land change represented approximately 3.0% of the RAMP FSA. The
percentage of the area of watersheds with land change as of 2012 varies from less than 1%
for many watersheds (MacKay, Christina, Hangingstone, Horse, and Firebag rivers), to 1%
to 5% for the Calumet, Ells, Poplar, and Steepbank watersheds, to 5% to 10% for the Upper
Beaver watershed, to more than 10% for the Muskeg River, Fort Creek, Mills Creek, Tar
River, Shipyard Lake, and McLean Creek watersheds, as well as for the smaller Athabasca
River tributaries from Fort McMurray to the confluence of the Firebag River.

Land change area within the city of Fort McMurray in 2012 was estimated at
approximately 4,700 ha. Approximately half of this land change was in watersheds of
smaller tributaries of the Athabasca River, with the other half in the Hangingstone and
Horse River watersheds. The land change area within the city of Fort McMurray
increased from approximately 4,600 ha in 2011.
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Figure 2.5-1

balance calculations, 2012 Water Year.

Locations of surface water withdrawals and discharges from focal project activities used in the RAMP water
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Figure 2.5-2 RAMP land change classes derived from SPOT-5 (June and July 2012) and Landsat-7 (June and September 2012)
satellite imagery, north of Fort McMurray.
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Figure 2.5-3

500i000

RAMP land change classes derived from SPOT-5 (June, July, August, and September 2012) and Landsat-7
(June and September 2012) satellite imagery, south of Fort McMurray.
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Table 2.5-1  Area of watersheds with land change in 2012.
Watershed Area with Land Change (ha)
Watershed Wagé:lg]ed Focal Projects Other Oil Sands Projects Total Watershed
(ha) c:l_\lot—_CIosed ~ Closed- Not-Closed ~ Closed- Not-Closed ~ Closed- (haT;’;zl %)
ircuited (ha) Circuited (ha) Circuited (ha) Circuited (ha) Circuited (ha) Circuited (ha)

Muskeg 146,000 8,854 12,619 8,854 12,619 21,473 14.71
Steepbank 135,491 4,529 488 4,529 488 5,017 3.70
MacKay 557,000 3,185 619 3,185 619 3,804 0.68
Tar 33,261 1,248 9,576 1,248 9,576 10,825 32.54
Calumet 17,354 130 68 130 68 198 1.14
Firebag 568,174 3,995 1,360 3,995 1,360 5,355 0.94
Ells 245,000 2,273 342 2,273 342 2,614 1.07
Christina 1,303,805 6,507 785 158 6,665 785 7,450 0.57
Hangingstone 106,641 9 47 9 47 56 0.05
Mills Creek 890 58 235 58 235 293 32.93
Shipyard Lake 4,047 15 3,739 15 3,739 3,753 92.75
Fort Creek 3,193 2,042 33 2,042 33 2,075 64.99
Horse 215,741 232 38 163 76 395 114 509 0.24
McLean 4,712 146 1,109 146 1,109 1,255 26.64
Original Poplar1 13,856 182 310 182 310 492 3.55
Upper Beaver' 28,711 861 1,928 861 1,928 2,790 9.72
wigzrtﬁggzbasca River 160,730 7,423 30,715 7,423 30,715 38,137  23.73
Total 3,544,606 41,688 64,013 322 76 42,009 64,089 106,098 2.99
Slave® 863,473 378 378 0 378 0.04

1

Poplar Creek as a result of the Beaver Creek diversion. Drainage boundaries were estimated from maps provided in Syncrude Canada Ltd. (1977).

FSA.

Original Poplar refers to the Poplar Creek watershed prior to the Beaver Creek diversion, while "Upper Beaver" refers to that part of the Beaver Creek drainage that now drains into

Refers to Athabasca River tributaries from upstream of Fort McMurray to the mouth of the Firebag River excluding the watersheds explicitly listed in this table.
The Slave watershed was added in 2011 given that a portion of the Canadian Natural Kirby project is located within this watershed. The Slave watershed is not part of the RAMP
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Table 2.5-2  Percent of total watershed areas with land change in 2012.
Watershed Area with Land Change (%)
Total Focal Projects Other Oillqiiﬂngfz;l:\ojects in Total

Watershed Watershed Watershed

Area (ha) Closed- Total

l\_lot—qosed Circuited I\_Iot—(_:losed _ Clqsed— I\_Iot—(_:losed _ Clqsed— (%)
Circuited (%) (%) Circuited (%) Circuited (%) Circuited (%) Circuited (%)

Muskeg 146,000 6.06 8.64 - - 6.06 8.64 14.71
Steepbank 135,491 3.34 0.36 - - 3.34 0.36 3.70
MacKay 557,000 0.57 0.11 - - 0.57 0.11 0.68
Tar 33,261 3.75 28.79 - - 3.75 28.79 32.54
Calumet 17,354 0.75 0.39 - - 0.75 0.39 1.14
Firebag 568,174 0.70 0.24 - - 0.70 0.24 0.94
Ells 245,000 0.93 0.14 - - 0.93 0.14 1.07
Christina 1,303,805 0.50 0.06 0.01 - 0.51 0.06 0.57
Hangingstone 106,641 0.01 0.04 - - 0.01 0.04 0.05
Mills Creek 890 6.52 26.41 - - 6.52 26.41 32.93
Shipyard Lake 4,047 0.37 92.38 - - 0.37 92.38 92.75
Fort Creek 3,193 63.95 1.04 - - 63.95 1.04 64.99
Horse 215,741 0.11 0.02 0.08 0.04 0.18 0.05 0.24
McLean 4,712 3.10 23.54 - - 3.10 23.54 26.64
Original Poplar1 13,856 1.32 2.24 - - 1.32 2.24 3.55
Upper Beaver 28,711 3.00 6.72 - - 3.00 6.72 9.72
Q"r'lrm aAr?e‘g?asca River 160,730 4.62 19.11 - - 4.62 19.11 23.73
Total 3,544,606 1.18 1.81 0.01 0.00 1.19 1.81 2.99
Slave® 863,473 0.04 - - - 0.04 - 0.04

1

FSA.

Original Poplar refers to the Poplar Creek watershed prior to the Beaver Creek diversion, while "Upper Beaver" refers to that part of the Beaver Creek drainage that now drains
into Poplar Creek as a result of the Beaver Creek diversion. Drainage boundaries were estimated from maps provided in Syncrude Canada Ltd. (1977).

Refers to Athabasca River tributaries from upstream of Fort McMurray to the mouth of the Firebag River excluding the watersheds explicitly listed in this table.
The Slave watershed was added in 2011 given that a portion of the Canadian Natural Kirby project is located within this watershed. The Slave watershed is not part of the RAMP

Regional Aquatics Monitoring Program (RAMP)
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3.0

3.1
3.1.1

2012 RAMP MONITORING ACTIVITIES

This section contains a description of RAMP monitoring conducted in 2012 and includes
the following for each RAMP component:

= Summary of 2012 monitoring activities and field methods;

* Description of any other information obtained (i.e., information from regulatory
agencies, owners and operators of the 2012 focal projects, knowledge obtained
from local communities, and other sources);

= Description of changes in the monitoring network from the 2011 program;

=  Description of the challenges and issues encountered during 2012 and the means
by which these challenges and issues were addressed;

= Summary of the component data that are now available; and

= A description of the approach used for analyzing the RAMP data.

Monitoring activities for all RAMP components in 2012 were implemented according to
the monitoring protocols, field methods, and Standard Operating Procedures (SOPs) as
outlined in the RAMP Technical Design and Rationale (RAMP 2009b). Any changes in
monitoring protocols, field methods, and SOPs from those contained in RAMP (2009b) are
noted below.

Quality Assurance and Quality Control (QA/QC) procedures were employed
throughout and for all aspects of the monitoring conducted under RAMP in 2012.
Appendix B contains a detailed description of the QA/QC procedures used for RAMP
monitoring in 2012.

All 2012 monitoring data collected under RAMP have been added to the RAMP database,
which is located on the RAMP website.

FIELD DATA COLLECTION

Climate and Hydrology Component

The 2012 RAMP Climate and Hydrology monitoring network included:
= 18 baseline streamflow stations;

* 13 streamflow stations with less than 5% of the watershed affected by land
change due to oil sands development;

» 17 streamflow stations with more than 5% of the watershed affected by land
change due to oil sands development;

» 12 stations collecting climate data; and

* anarea-wide snowcourse survey program.

The following sections describe the 2012 monitoring activities related to the Climate and
Hydrology monitoring network.
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3.1.1.1 Overview of 2012 Monitoring Activities

3.1.1.2

Climate and Hydrology monitoring in 2012 consisted of:

climate monitoring (Table 3.1-1, Figure 3.1-1):

0 monitoring air temperature, relative humidity, total precipitation, wind
speed and direction, solar radiation, and snow depth at the Aurora,
Horizon, Steepbank, Pierre, and Surmont climate stations;

0 monitoring barometric pressure at five stations;

0 monitoring total precipitation, air temperature, and relative humidity at
Kearl Lake and McClelland Lake stations; and

0 measuring rainfall, from May 1 to October 31, at five hydrometric
monitoring stations;

snow survey monitoring (Figure 3.1-1):

0 Snowcourse surveys conducted during the months of February, March, and
April; covering four distinct bio-geographic land cover types in four
representative regions of the RAMP study area;

streamflow monitoring (Table 3.1-1, Figure 3.1-2):
0 24 year-round stations;
0 17 open-water stations;

0 six winter-only stations jointly operated with Water Survey of Canada
(WSC), which monitors during the open-water season;

0 monitoring water temperature at 41 streamflow stations; and

0 measuring total suspended solids (TSS) throughout the open-water season at
all streamflow stations during each visit;

water level monitoring at four lake/wetland stations (Table 3.1-1, Figure 3.1-2).

Appendix C provides specific station information for all climate and hydrology stations
in the 2012 program.

Field Methods

Field methods are described in this section and cover the topics of streamflow
measurements, water level surveys, climate station visits, and snowcourse surveys. More
detail and specific procedures for each component can be found in the RAMP Design and
Rationale document (RAMP 2009b).

General

Field crews conducted ten visits in 2012 for the Climate and Hydrology component:

Five field visits during the open-water season at the RAMP year-round and
open-water stations; and

Five visits during the winter season to all year-round RAMP stations and three
visits to the winter-only WSC stations, three of five winter visits included a
regional snowcourse survey.
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Table 3.1-1

RAMP climate and hydrometric stations operating in 2012.

RAMP Station

UT™M
Coordinates
(Easting,
Northing)

Operating
Season

Variables Measured and
Telemetry Type®

C1 Aurora Climate Station

C2 Horizon Climate Station

C3 Steepbank Climate Station

C4 Pierre Climate Station

C5 Surmont Climate Station

L1 McClelland Lake

L2 Kearl Lake

L3 Isadore’s Lake

L4 Namur Lake

S2 Jackpine Creek at Canterra Road
S3 lyinimin Creek above Kearl Lake

S5 Muskeg River above Stanley Creek
S5A Muskeg River above Muskeg Creek

S6 Mills Creek at Highway 63

S7 Muskeg River near Fort McKay (07DA008)
S9 Kearl Lake Outlet

S10 Wapasu Creek

S11 Poplar Creek at Highway 63 (07DA007)
S12 Fort Creek at Highway 63

S14A Ells River at the Canadian Natural
Bridge

S15A Tar River near the mouth
S16A Calumet River near the mouth

S19 Tar River Lowland Tributary near the
mouth

S20 Muskeg River Upland

S22 Muskeg Creek near the mouth

475229, 6344053

443364, 6360510

473950, 6320500

460898, 6378737

502542, 6230964

483398, 6372186

484815, 6351080

463297, 6342981
402886, 6370260
474971, 6344091
489423, 6345196
479761, 6356759

476042, 6351803

463755, 6344927
465552, 6338804
483983, 6347020
488573, 6358554
471972, 6307825
462620, 6363554

455738, 6344944

458458, 6353439
458096, 6362020

457326, 6352850

492107, 6355709
480969, 6349071

all year

all year

all year

all year

all year

all year

all year

all year

all year?

all year
open-water

all year
all year

all year
winter!
all year
all year®
all year

open-water
all year

open-water

open-water
open-water

open-water

open-water

air temperature, total precipitation, humidity, solar
radiation, snow on the ground, wind speed and
direction (C)

air temperature, total precipitation, humidity, solar
radiation, snow on the ground, barometric
pressure, wind speed and direction (C)

air temperature, total precipitation, humidity, solar
radiation, snow on the ground, barometric
pressure, wind speed and direction (C)

air temperature, total precipitation, humidity, solar
radiation, snow on the ground, barometric
pressure, wind speed and direction (C)

air temperature, total precipitation, humidity, solar
radiation, snow on the ground, barometric
pressure, wind speed and direction (C)

water level, total precipitation, humidity, air
temperature,
water temperature (C)

water level, total precipitation, humidity, air
temperature,
water temperature (C)

water level, water temperature (C)
water level, water temperature (G)
level, discharge, water temperature (C)
level, discharge, rainfall, water temperature (C)
level, discharge, water temperature (C)

level, discharge, barometric pressure,
water temperature (C)

level, discharge, water temperature (C)
level, discharge, water temperature (C)
level, discharge, water temperature (C)
level, discharge, water temperature (C)
level, discharge, water temperature (C)

level, discharge, water temperature (C)
level, discharge, water temperature (C)

level, discharge, water temperature (C)

level, discharge, water temperature (C)
level, discharge, water temperature, rainfall (C)

level, discharge, water temperature (C)

level, discharge, water temperature (C)

1
2 station was installed May 2012
3
4

5

WSC monitors water level and discharge at these stations during the open-water season.

S10 station was relocated to a site 3 km downstream in August 2012 and given the designation S10A.
S50 Station was relocated to a site 3 km upstream in April 2012 and given the designation S50A.
(C), (R-C), (G) telemetry using cellular, radio-cellular relay, and GOES satellite telemetry equipment, respectively.
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Table 3.1-1 (Cont’d.)
UT™M
RAMP Station Coordl_nates Operating Variables Measuredsand
(Easting, Season Telemetry Type
Northing)
S24 Athabasca River below Eymundson Creek 466305, 6372764 all year level, discharge, water temperature (C)
S25 Susan Lake Outlet 464513, 6368477 open-water level, discharge, water temperature (R-C)
S26 MacKay River near Fort McKay L1 .
(07DBOO1) 458019, 6341008 winter discharge
S27 Firebag River near the mouth (07DC001) 487914, 6389855 winter* discharge
S29 Christina River near Chard (07CE002) 508211, 6187940 winter* discharge
S31 Hangingstone Creek at North Star Road 469812, 6236089 open-water level, discharge, water temperature, rainfall (C)
S32 Surmont Creek at Highway 881 490250, 6254524  open-water level, discharge, water temperature (C)
S33 Muskeg River at the .
Aurora North/Muskeg River Mine Boundary 474878, 6350204 all year level, discharge, water temperature (C)
S34 Tar River above Canadian Natural Lake 440745, 6361662 all year level, discharge, water temperature (C)
gi/ﬁe:vlcCIelland Lake Outlet above Firebag 490635, 6384056 open-water level, discharge, water temperature (G)
Sggtfu?t Jackpine Creek near the 1,300 m 487850, 6325416  open-water level, discharge, water temperature
S38 Steepbank River near Fort McMurray ) 1 .
(07DAQ0E) 475296, 6317398 winter discharge
S39 Beaver River above Syncrude ) 1 .
(07DA018) 465560, 6311437 winter discharge
S40 MacKay River at Petro-Canada Bridge 444949, 6314178 all year level, discharge, water temperature, rainfall (C)
S42 Clearwater River above Christina River A 1 .
(07DC005) 504427, 6279666 winter discharge
S43 Firebag River upstream of Suncor Firebag 531704, 6354796 all year level, discharge, water temperature, rainfall (G)
S44 Pierre River near Fort McKay (formerly 460769, 6369299  open-water level, discharge, water temperature (C)
07DA013)
S45 Ells River above Joslyn Creek Diversion 440325, 6342418 all year level, discharge, water temperature (C)
S46 Athabasca River near Embarras Airport 470241, 6463209 all year level, discharge, water temperature (G)
S47 Christina River near the mouth 505048, 6272065 all year level, discharge, water temperature (G)
S48 Big Creek 470817, 6389113 open-water level, discharge, water temperature (R-C)
S49 Eymundson Creek near the mouth 465473, 6372694  open-water level, discharge, water temperature (C)

S50A Red Clay Creek

S51 High Hills River near the mouth

S53 Dover River near the mouth (07DB002)
S54 Dunkirk River near Fort McKay (07DB003)
S55 Gregoire River near the mouth

S56 Jackfish River below Christina Lake
(07CEO005)

S57 Sunday Creek above Christina Lake

S58 Sawbones Creek above Christina Lake

474954, 6396094
532571, 6290998
451453, 6337017
395815, 6302067
510185, 6259986

493753, 6169685

506227, 6158403
511444, 6167182

open-water*
all year®
all year®
all year®

all year?
all year®

all year®

open-water?

level, discharge, water temperature (R-C)
level, discharge, water temperature (G)
level, discharge, water temperature (R-C)
level, discharge, water temperature (G)

level, discharge, water temperature (R-C)
level, discharge, water temperature (C)

level, discharge, water temperature (C)

level, discharge, water temperature (C)

Station was installed May 2012

WSC monitors water level and discharge at these stations during the open-water season.

S10 station was relocated to a site 3 km downstream in August 2012 and given the designation S10A.
S50 Station was relocated to a site 3 km upstream in April 2012 and given the designation S50A.
(C), (R-C), (G) telemetry using cellular, radio-cellular relay, and GOES satellite telemetry equipment, respectively.
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Figure 3.1-1

Locations of RAMP climate stations and snowcourse survey stations, 2012.
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Figure 3.1-2

Locations of hydrometric stations operated by RAMP and Water Survey of Canada, 2012.
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Field visits included manual measurements of streamflow and water level, data retrieval,
and station maintenance. Stage-discharge relationships were developed and refined
using the manual streamflow and water level data collected during the field visits.

Streamflow Measurement

Streamflow measurement procedures and standards used for the Climate and Hydrology
Component were consistent with Water Survey of Canada (WSC 2001), United States
Geological Survey (USGS1982), and BC Ministry of Environment (BC MOE 2009)
recommendations and protocols, and are presented in the RAMP Design and Rationale
Document (RAMP 2009b). QA /QC procedures are provided in Appendix B of this report.

Measurement standards are summarized below:
= Number of verticals: minimum of 20, or at a spacing of 0.05 m in small streams;
= Number of velocity observations for an open-water measurement:

0 Where depth is 0.75 m or less, one observation is made at 60% of the
depth below the surface;

0 For depths greater than 1.0 m, velocity is observed once at 20% and
once at 80% of the depth; and

0 Where water depths are between 0.75 m and 1.0 m, the operator chose
whether one or two velocity observations best suited that vertical;

= Number of vertical readings for a measurement under ice: the same procedure
was used for under ice velocity observations as for open-water velocity
observations with the exception that velocity was observed at 50% of the under
ice depth for depths less than 0.75 m;

= Under ice velocity observations conducted at 50% of the effective depth were subject
to a velocity correction of 0.9 due to the addition of the ice as a confining layer,
panels measured with two velocity measurements were not subject to any velocity
correction; and

= Velocity averaging: at least 40-second averages for the Sontek FlowTracker ADV
(Acoustic Doppler Velocimeter), Ott ADC (Acoustic Digital Current meter), and
electromagnetic meters (Marsh McBirney Flo-Mate 2000).

Water Level Surveys

Field crews conducted water level surveys at both streamflow and lake/wetland stations
to reference the continuous water level record to the surface water level. Procedures for
conducting the water level survey were derived from standards in BC MOE (2009):

= Level readings using an automatic level were made to the nearest 0.001 my;
= Surveys were made using at least two independent benchmarks; and

= Each survey was conducted using two set-ups with a closing error of less than
0.004 m.

Climate Station Visits

Field crews visited climate stations to conduct data logger downloads, preliminary
quality assurance to check station function, data reliability, and maintenance needs.
Precipitation gauges were inspected to ensure sufficient levels of anti-freeze and
hydraulic fluid were present.
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Snowcourse Surveys

Snowcourse survey procedures were developed from principles outlined in the British
Columbia Ministry of Environment Procedure Manual (Volume 6, Section 9,
Subsection 01, Page 5 of 72) (BC MOE 1982):

40 snow depths were measured in each study plot;

Snow depth and the mass of a vertical profile of the snowpack were measured four
times in each plot to calculate snow density. Forty snow water equivalent (SWE)
values were calculated in each plot by multiplying individual snow depth values by
mean snow density. A mean SWE value was calculated for each plot; and

Station photos were taken to provide a visual record of ground snow conditions
(e.g., patchiness) and any intercepted snow in treed stands.

3.1.1.3 Changes in Monitoring Network from 2011

New Monitoring Stations

Namur Lake, located northwest of Fort McKay, is a lake with importance to local
communities. Station L4, Namur Lake, located at the northeast end of the lake
near the outlet, was installed and became operational in May 2012. This station
provides baseline monitoring of water level and water temperature.

To monitor baseline hydrometric conditions in the oil sands region, Station S51,
High Hills River near the mouth, was established in May 2012. This river is a
south aspect tributary to the Clearwater River east of Fort McMurray and the
station monitors discharge, water level, and water temperature on a year-round
basis.

Stations S53, Dover River near the mouth (07DB002), and Station S54, Dunkirk
River near Fort McKay (07DB003), became operational in May 2012. These two
stations were installed to characterize the hydrologic conditions within the
MacKay River watershed and to continue monitoring of WSC stations, which
were operated in the 1970s. Stations S53 and S54 are year-round monitoring
stations collecting discharge, water level, and water temperature data.

Station S55, Gregoire River near the mouth, was installed to monitor oil sands
development in the Gregoire River drainage area. The hydrometric station was
installed in May 2012 and monitors year-round discharge, water level, and water
temperature.

Three hydrometric stations were established in the Christina Lake drainage area
to characterize the hydrologic conditions of Christina Lake. Station S56, Jackfish
River below Christina Lake (07CEQ05), is located at the discontinued WSC
station (the WSC station was discontinued in 1995). Station S57, Sunday Creek
above Christina Lake, and Station S56 are operated year-round while Station
558, Sawbones Creek above Christina Lake, is monitored during the open-water
season only. All three stations monitor discharge, water level, and water
temperature and became operational in May 2012.

Modified Stations

The following modifications and field equipment upgrades were made in 2012 to support
station function and reliability of data collection:

Station S47, Christina River near the mouth, was moved to a site 6 km upstream
in an effort to find a location with deeper flow and reduce the potential for the
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3.1.14

pressure transducer to be encased in ice in winter. The new station was
designated as Station S47A.

Station S10, Wapasu Creek at Canterra Road, was moved to a site 3 km
downstream of the current location to avoid influences of beaver activity.

A Sontek-IQ continuous velocity probe was deployed at Station S36, McClelland
Lake Outlet above the Firebag River, to provide continuous discharge and
velocity measurements, and assist with data analysis.

Benchmarks at hydrometric and lake/wetland monitoring stations were upgraded
in 2012. Each station was upgraded to have a minimum of three benchmarks.

Eight stations were upgraded with calibrated pressure transducers and sensors
based on a two-year exchange cycle for all year-round monitoring stations. The
upgraded stations included the Aurora climate station (Station C1); the
Steepbank climate station (Station C3); Station S5 Muskeg River above Stanley
Creek; Station SSA Muskeg River above Muskeg Creek; Station S6 Mills Creek at
Hwy 63; Station S7 Muskeg River near Fort McKay; Station S24 Athabasca River
below Eymundson Creek; Station S34 Tar River above Canadian Natural Lake;
and Station S46 Athabasca River near Embarras Airport.

Near-Real-Time RAMP Monitoring Network

Forty RAMP hydrometric monitoring stations were upgraded with telemetry equipment in
2012. A combination of cellular communications, radio-cellular relays, and GOES
communication systems were used as follows (see Table 3.1-1 for equipment used at each

station):

Twenty-nine stations were operated with cellular telemetry. Data files were
transmitted once daily during a two-hour timeframe (12:00 - 14:00 MST).

Six stations utilized a radio-cellular relay station to transmit data files. These
stations were located in a depression where cellular signals cannot be reached.
Data files were transmitted via spread spectrum RF radio from the hydrometric
station to the relay station, then via cellular modem. Data transmissions
occurred during a two-hour timeframe (12:00 - 14:00 MST).

Seven stations utilized Geostationary Operational Environmental Satellite
(GOES) telemetry. These stations were located in remote locations where there is
no cellular service. Data were transmitted on an hourly basis from the hydrometric
station to the GOES satellite, and sent by AESRD to the RAMP database.

Challenges Encountered and Solutions Applied

Wildlife and Environmental Challenges

The following wildlife and environmental challenges were addressed by the RAMP
Climate and Hydrology component in 2012:

The pressure transducer at Station S47, Christina River near the mouth, was
encased in ice from November 5, 2011 to April 26, 2012. Water level monitoring
resumed when the ice around the pressure transducer thawed.

During the spring freshet the pressure transducer at Station S15A, Tar River near
the mouth, was damaged by ice. The pressure transducer was replaced and the
station was reinstated in May 2012.
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The power supply at Station S33, Muskeg River at the Aurora North/Muskeg
River Mine Boundary, was found disconnected. Station monitoring was
disrupted on July 15, 2012 and reinstated on August 6, 2012.

Station S51, High Hills River near the mouth, was damaged by wildlife on
September 27, 2012. The pressure transducer was disconnected from the data
logger and caused a disruption to station monitoring. The station was reinstated
on October 25, 2012 during the next field visit.

The pressure transducer cable was pulled out of the data logger by wildlife at
Station S54, Dunkirk River near Fort McKay, on June 1, 2012. The station was
reinstated on June 14, 2012 during the next field visit.

Station 545, Ells River above Joslyn Creek diversion, was damaged by wildlife on
October 23, 2012. The solar panel and enclosure were damaged, and the power
supply was disconnected. The station was reinstated on November 13, 2012.

Data Logger Malfunctions and Attrition

The following data logger malfunctions and equipment challenges were addressed by the
RAMP Climate and Hydrology component in 2012:

The operation of Station S11, Poplar Creek at Hwy 63, was disrupted due to a
faulty battery on July 25, 2012. The station was reinstated during the next field
visit on August 8, 2012.

A faulty power supply caused Station S56, Jackfish River below Christina Lake,
to lose power on June 23, 2012. The power supply was replaced on July 4, 2012
and the station was reinstated. A faulty solar panel was replaced at this station
on August 11 2012.

3.1.1.5 Other Information Obtained

3.1.1.6

Streamflow data from WSC were obtained and incorporated into the RAMP database for
stations that are jointly operated by RAMP and WSC. These data were received as
provisional and flagged as such in the database.

Climate data from the Environment Canada stations at Fort McMurray and Mildred
Lake, and the Alberta Government Station, Christina Lake near Winfred Lake, were used
in the preparation of the 2012 report.

Summary of Component Data Now Available

Table 3.1-2 summarizes the available climate and hydrology data collected to date for
RAMP. Additional climate data can be obtained from the following sources: Wood
Buffalo Environmental Association (WBEA), Environment Canada (EC), and the Alberta
Government are available using the following links:

http:/ /www.wbea.org/

http:/ /www.climate.weatheroffice.gc.ca/Welcome_e.html

http:/ /www.agriculture.alberta.ca/acis/alberta-weather-data-viewer.jsp
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Table 3.1-2

see symbol key at bottom

Summary of RAMP data available for the Climate and Hydrology component, 1997 to 2012. (Page 1 of 2)

Location 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2012

W S S FIW S S F|W S S F|W S S F s s Flw s s Flw s s F[w s s F[w s s F[w s s F[w s s F|w s s F|w s s F|W S s F|W S s F|wW s s F Status
Athabasca River Mainstem
Athabasca River below Eymundson Creek (S24) 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2t n/a
Athabasca River near Embarras Airport (S46) 2 2|2t 2t 2t 2t n/a
Athabasca River East Tributaries
Fort Creek at Highway 63 (S12) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t| >5% Land Change
Isadore's Lake (L3) 1 1 1 1 i1 142 1 1 22 2 1 212 1 212 142 1 1 21 2 1 121J1 1 1 142 1 1 1|1 1 1 1)1 1 1 11 1 1 1|1t 1t 1t 1t| >5% Land Change
Mills Creek at Highway 63 (S6) 2 2 2 2 2 2 2 2 2 2d 2d 2d 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
Susan Lake Outlet (S25) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t| <5% Land Change
Muskeg River Basin
Aurora Climate Station (C1) 9 9 9 9(9 9 9 9|9 9 9 9|9 g 9 g9 g9 9 99 9 9 919 9 9 9/9 9 9 9(9 9 9 919 9 9 9(9 9 9 9(9 9 9 9|9 9 9 9(9 9 9 9|9 9 9 9|9 9 9 9 n/a
Kearl Lake (L2) 1 1 1(1 1 1 1 11112 1 1 1(1 1 1 11 1 1 1|1 1 1 1|1 1 1 1|1 1 1 1th(lth 1th 1th 1th|lth 1th 1th 1th|{1th 1th 1th 1th|1th 1th 1th 1th|1th 1th 1th 1th| >5% Land Change
Alsands Drain (S1) 2 2 2 2 2 2 2 2|12 2 2 2 2 2 2|12 2 2 2
Jackpine Creek at Canterra Road (S2) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|12 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t|{2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
lyinimin Creek above Kearl Lake (S3) 2 2 2 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2 2 2 2 2 2a 2a 2 2a 2a 2a 2 2a 2 2a 2a 2a 2 2 2 2a 2a 2a 2a 2a 2a 2ta 2ta 2ta| >5% Land Change
Blackfly Creek near the Mouth (S4) 2 2 2 2 2 2
Muskeg River above Stanley Creek (S5) 2 2 2|12 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 22 2 2 2t|2t 2t 2t 2t| >5% Land Change
Muskeg River above Muskeg Creek (S5A) 2 2 2 2 2 2|2 2 2 2|2 2 2 2 2 2 2|2d 2d 2d 2d|2d 2d 2d 2d|2d 2d 2d 2td|[2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td[2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td| >5% Land Change
Muskeg River near Fort McKay (07DA008, S7) 2 4 4 4 4 4 4|12 4 4 412 4 4 42 4 4 412 4 4 4|12 4 4 4|12 4 4 412 4 4 4|12 4 4 412 4 4 412 4 4 4|2t 4 4 4| >5%Land Change
Stanley Creek near the mouth (S8) 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Kearl Lake Outlet (S9) 2 2 2 2e 2e 2e 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|12 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2t 2t 2t| >5%LlandChange
Wapasu Creek at Canterra Road (S10/S10A) 2 2 2 2 2 2 2 2 2 2 2 2 2|12 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2t| >5% LandChange
Albian Pond 3 Outlet (S13) 2 2 2 2 2 2 2 2 2
Muskeg River Upland (S20) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t| >5% Land Change
Shelley Creek near the mouth (S21) 1 1 1 1 1 1 1 1 1
Muskeg Creek near the Mouth (S22) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t| >5% Land Change
Aurora Boundary Weir (S23) 2 2 212 2 2 2
Khahago Creek below Black Fly Creek (S28) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|12 2 2 2
Muskeg River at the Aurora/Albian Boundary (S33) 2 2 2|12 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
East Jackpine Creek near the 1300 m Contour (S37) 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t Baseline
Muskeg River High Water Gauging 3 3 3 3 3
Jackpine Creek High Water Gauging 3 3 3
Steepbank River Basin
Steepbank Climate Station (C3) b blb b b gd|jgd gd gd gd|{gd gd gd gd n/a
Steepbank River near Fort McMurray (07DA006, S38) 2 4 4 412 4 4 4|2 4 4 412 4 4 4| <5%LandChange
Firebag River Basin
McClelland Lake (L1) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2a 2a 2a 2a 2a 2a 2|2 2a 2a 2a 2 1 1b 1b 1bf|1h 1h 1h 1h|1h 1h 1h 1h|1h 1h 1th 1th|1h 1h 1th 1th|1th 1th 1th 1th|1th 1th 1th 1th| <5% Land Change
Firebag River near the Mouth (07DCO001, S27) 2 4 4 412 4 4 4|2 4 4 412 4 4 4|2 4 4 4|12 4 4 4|12 4 4 4|2 4 4 412 4 4 42 4 4 412 4 4 4| <5%LandChange
McClelland Lake Outlet at McClelland Lake (S35) 2 2 2 2 2 2
McClelland Lake Outlet above Firebag River (S36) 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t| <5% Land Change
Firebag River upstream of Suncro Firebag (S43) 2 2 2 2ta 2ta 2ta| 2t 2ta 2ta 2ta| 2t 2ta 2ta 2ta Baseline
Athabasca River West Tributaries
Pierre Climate Station (C4) gd gd|gd gd gd gd n/a
Pierre River near Fort McKay (formerly 07DA013, S44) 2 2 2 2 2 2 2 2 2 2t 2t 2t Baseline
Big Creek (S48) 2 2 2 2t 2t 2t Baseline
Eymundson Creek near the mouth (S49) 2 2 2 2t 2t 2t Baseline
Red Clay Creek (S50/S50A) 2 2 2 2t 2t 2t Baseline

Legend

a = rainfall

b = rainfall and snowfall, or total precipitatior
€ = snowcourse survey

d = barometric pressure

e = air temperature

f = relative humidity

g = air temperature, relative humidity, rainfall and snowfall or total precipitation, wind speed and direction, solar radiation and snow on the groun

h = air temperature, total precipitation and relative humidity

1 = water levels

2 = water levels and discharge
3 = high water gauging

4 = hydrometric data collected by Environment Canade
t = water temperature

H

Test (downstream of focal projects)
Baseline (upstream of focal projects)



Table 3.1-2 (Cont'd.) (Page 2 of 2)

see symbol key at bottom

Location 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2012

W S S FIW S S F|W S S F|W S S F s s W S S FIW S S F|W S S F|wW S S F|W S S F|wW S S F S s Flw s s F|lw s s F|w s s F|w s s F Status
Ells River Basin
Namur Lake near the Outlet (L4/S52) 1t 1t 1t Baseline
Ells River above Joslyn Creek (S14) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Ells River at CNRL Bridge (S14A) 212 2 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t 2t 2t 2t 2 2t 2t 2t 2 2t 2t 2t|2t 2t 2t 2t| 2t 2t 2t 2t| <5% Land Change
Ells River above Joslyn Creek Diversion (S45) 2t 2t 2t|2t 2t 2t 2t|]2t 2t 2t 2t|2t 2t 2t 2t Baseline
Mackay River Basin
MacKay River near Fort McKay (07DB001, S26) 4 4 2 4 4 412 4 4 4|2 4 4 412 4 4 42 4 4 4|2 4 4 4 4 4 4|2 4 4 412 4 4 42 4 4 42 4 4 4| <5%LandChange
MacKay River at Petro-Canada Bridge (S40) 2t 2t 2t|2t 2t 2t 2t| 2t 2ta 2ta 2ta|2ta 2ta 2ta 2ta|2ta 2ta 2ta 2ta Baseline
Dover River near the mouth (S53) 2t 2t 2t Baseline
Dunkirk River near Fort McKay (S54) 2t 2t 2t Baseline
Tar River Basin
Horizon Climate Station (C2) g|gd gd gd gd|gd gd gd gd|[gd gd gd gd|gd gd gd gd n/a
Tar River near the mouth (S15) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Tar River near the mouth (S15A) 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t| >5% Land Change
Tar River Upland Tributary (S17) 2 2 2 2 2 2 2 2 1 1 1
Tar River Lowland Tributary near the mouth (S19) 2 2 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a|b 2b 2b 2b( b 2b 2b 2b 2b 2b 2b| b 2b 2b 2 2a 2a 2a 2a 2a 2a 2ta 2ta 2ta| >5% Land Change
Tar River above CNRL Lake (S34) 2 2 2 2 2 2|12 2 2 2 2t 2t 2112 2t 2t 2t 2 2t 2t 2t(2t 2t 2t 2t| 2t 2t 2t 2t Baseline
Calumet River Basin
Calumet River near the mouth (S16) 2 2 29 2g 2g|be 2tbe2tbe2tbhd e 2be 2be2tbg be be e
Calumet River near the mouth (S16A) 2 2 2 2 2 2 2t 2t 2t Baseline
Upland Calumet River (S18) 2 2
Calumet River Upland Tributary (S18A) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Poplar River Basin
Poplar Creek at Highway 63 (07DA007, S11) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|12 2 2 2(2 2 2 2|2 2 2 2 2t 2t 2t 2 2t 2t 2t 2 2t 2t 2t|2 2t 2t 2t| 2 2t 2t 2t| <5% Land Change
Beaver River above Syncrude (07DA018, S39) 4 4 412 4 4 412 4 4 42 4 4 4|12 4 4 4 Baseline
Clearwater River Tributaries
Surmont Climate Station (C5) gd[{gd gd gd gd n/a
Christina River near Chard (07CE002, S29) 2 4a 4a 4a| 2 4a 4a 4a|l 2 4a 4a 4a|2 4 4 42 4 4 4|2 4 4 4 4 4 42 4 4 412 4 4 42 4 4 4|2 4 4 4| >5%LandChange
Hangingstone River at Highway 63 (S30) 2 2 2
Hangingstone Creek at North Star Road (S31) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2a 2a 2a 2a 2a 2a 2ta 2ta 2ta Baseline
Surmont Creek at Highway 881 (S32) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t Baseline
Clearwater River above Christina River (07CD005, S42) 2 4 4 412 4 4 4|2 4 4 412 4 4 4 Baseline
Christina River near the mouth (S47/S47A) 2t 2t| 2t 2t 2t 2t| <5% Land Change
High Hills River near the mouth (S51) 2t 2t 2t Baseline
Gregoire River near the mouth (S55) 2t 2t 2t| <5% Land Change
Jackfish River below Christina Lake (S56) 2t 2t 2t| <5% Land Change
Sunday Creek above Christina Lake (S57) 2t 2t 2t| <5% Land Change
Sawbones Creek above Christina Lake (S58) 2t 2t 2t| <5% Land Change

Snow Course Surveys

Muskeg River Basin Snowcourse Survey
Fort Creek Basin Snowcourse Survey
CNRL Area Snowcourse Survey

Wide-Area Snowcourse Survey

n/a

Legend

a = rainfall

b = rainfall and snowfall, or total precipitatior
€ = snowcourse survey

d = barometric pressure

e = air temperature

f = relative humidity

g = air temperature, relative humidity, rainfall and snowfall or total precipitation, wind speed and direction, solar radiation and snow on the groun

h = air temperature, total precipitation and relative humidity

1 = water levels

2 = water levels and discharge
3 = high water gauging

4 = hydrometric data collected by Environment Canade
t = water temperature

H

Test (downstream of focal projects)
Baseline (upstream of focal projects)



3.1.2
3.1.21

3.1.2.2

Water Quality Component
Overview of 2012 Monitoring Activities

Monitoring activities for the Water Quality component were conducted in four
sampling campaigns in 2012: winter (March 14 and 15); spring (May 19 to 22); summer
(July 11 to 16); and fall (September 4 to 14).

Water quality sampling focused on the Athabasca River and its major tributaries in the
RAMP FSA, as well as regionally important lakes and wetlands. Additional data were
contributed by AESRD. Water quality was sampled at 56 RAMP stations in 2012.
Table 3.1-3 summarizes the location of 2012 water quality sampling stations, seasonal
distribution of the sampling effort, and water quality variables measured at each station.
Figure 3.1-3 provides the locations of water quality sampling in 2012. Sampling intensity
was greatest during the fall campaign, with samples collected from all 2012 RAMP
monitoring stations in that season. RAMP’s standard protocol for newly-established
water quality stations is to sample seasonally for three years and then to sample once in
fall in subsequent years (Table 3.1-3).

Summary of Field Methods and Sample Analysis

Station locations were identified using GPS coordinates, Alberta Forestry, Lands and
Wildlife Resource Access Maps, and where applicable, written descriptions from past
RAMP reports. Stations were accessed by boat, helicopter, or four-wheel drive vehicle.

At all water quality stations, in situ measurements of dissolved oxygen (DO), temperature,
pH and conductivity were collected using a YSI Model 85 multi-probe water meter or
a handheld thermometer (temperature), a handheld pH/conductivity meter (pH and
conductivity) and a LaMotte portable Winkler titration kit (dissolved oxygen).

Field sampling involved collection of single grab samples of water from smaller creeks or
rivers, bank-adjacent grab samples in large rivers, and collection of single grab samples in
lakes and wetlands.

Grab samples were collected by submerging each sample bottle to a depth of
approximately 30 cm, uncapping and filling the bottle, and recapping at depth. The only
exception to this was the total hydrocarbons (oil and grease) and BTEX samples, which
were taken from the surface of the water to ensure capture of any floating hydrocarbons,
and to ensure that the pre-charged preservative stayed in the sample. The ultra-trace
mercury bottle was triple-rinsed prior to the final sample collection, following guidance
from the analytical laboratory.

Samples taken at the mouth of tributaries were collected approximately 100 m upstream
of the confluence where possible to avoid influences of mainstem water on sampled
water quality at each station. Similarly, stations located on river mainstems near
tributaries were sampled approximately 100 m upstream of the tributary confluence.

Sampling methods were modified in winter in response to environmental conditions, and
to account for and preclude any sampling error or contamination associated with the
requisite use of secondary sample transfer vessels and ice augers (all waterbodies
sampled during other seasons were free of ice). Water was collected through holes in the
river/lake ice drilled using a gas-powered auger. For grab samples, one hole was drilled
at the estimated stream thalweg. Samples were collected from as far as possible below the
surface of the water using a dipped bottle. This method was used rather than use of a
peristaltic pump (as in previous recent years) because air temperatures were too low to
allow free flow of water through the pump tubing to sampling bottles (i.e., water froze in
the tubing). Following collection, samples were then preserved as required.
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All water samples were collected, preserved, and shipped according to protocols
specified by consulting laboratories. Samples collected for analysis of dissolved organic
carbon (DOC) were filtered in the field through a disposable, 0.45-um filter. All water
quality samples taken in 2012 were analyzed for the RAMP standard variables
(Table 3.1-4) in all sampling seasons, which included the addition of CCME fractionated
hydrocarbons and PAHs in 2011. All analyses were conducted by ALS Environmental
Ltd. (Fort McMurray and Edmonton, Alberta), with the exception of total and dissolved
metals (including ultra-trace mercury) and acid-extractable organics (naphthenic acids),
which were analyzed by Alberta Innovates Technology Futures (AITF) in Vegreville,
Alberta, and PAHs, which were analyzed by AXYS Analytical Services Ltd. in Sidney, BC.
Samples collected from regional lakes were analyzed for chlorophyll a by ALS.

Details of analytical chemistry methods and associated detection limits for the Water
Quality component are provided in Table 3.1-4. Although detection limits could vary
between individual analyses based on sample-specific laboratory QA data (e.g., spike
recoveries, method blank results, etc.), standard method detection limits typically were
applied to all non-detectable data, with the notable exception of ultra-trace PAHs, where
blank-corrected detection limits were applied.

Blank Correction of Detection Limits for Ultra-trace PAHs

Ultra-trace analysis of PAHs in water was introduced to RAMP in the 2011 program,
with analysis conducted by AXYS Analytical Ltd. (AXYS) using low-resolution mass
spectrometry (LRMS). Results for 43 parent and alkylated PAH homologues were
reported in 2011 and 2012, with analytical reporting (detection) limits of approximately
0.1ng/L.

Analytical results from AXYS presented reporting limits (RL, equal to sample-specific
detection limits) for each PAH species (ranging from 0.13 to 0.85 ng/L); these were
calculated for each sample tested based on various internal QA performance assessments
undertaken with each analysis. Given that the RLs were variable among tests and
measurements in trip blanks exceeded RLs in some cases (typically in different analytical
batches), data were subsequently blank-corrected to calculate project-wise, consistent,
detection limits for each PAH species. This allowed for consistent comparisons of all
PAH data collected by RAMP in 2012. This blank-correction procedure followed methods
developed in conjunction with AXYS for the RAMP 2011 data (RAMP 2012) so that all
results measured by RAMP for a given PAH species had the same detection limit applied
for data from all stations and seasons. Project-wide, blank-corrected DLs for each PAH
species (or, in the case of alkylated forms, groups of species) were generated by
calculating DLs for each species equal to 2x the standard deviation of concentrations of
that species measured in all project trip blanks.

Where mean RLs were greater than the blank-corrected DL, the RL was adopted as the
project-wide DL. In most cases, the blank-corrected DL was higher than the mean RL,
resulting in the adoption of the blank-corrected DL as the project-wide DL. This resulted
in an increase in detection limits for most species, typically of less than one order of
magnitude. However, for some species, the DL increased by over an order of magnitude.
Both species-specific RLs and associated, blank-corrected DLs are provided in Table 3.1-5.
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Figure 3.1-3 Locations of RAMP water quality stations, 2012.
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3.1.2.3

3.1.24

3.1.2.5

3.1.2.6

3.1.2.7

A result of applying these blank-corrected detection/reporting limits was an increase in
the number of non-detectable concentrations. However, this was necessary to reduce the
likelihood of false positives in the dataset. Conversely, concentrations of total PAHs were
increased by use of this blank-correction method for DLs, given that total PAHs were
reported as the sum of all PAH species calculated using 1x the project-wide DL, to be
conservative (i.e., estimate on the high side) and to be consistent with other summation
variables presented in this report (e.g., total PAHs in sediments).

Changes in Monitoring Network from 2011

The 2012 monitoring network for the Water Quality component was the same as the 2011
monitoring network with the following exceptions:

= Baseline station ELR-2A was planned to be move further upstream to a new
location (baseline station ELR-3) given the increase in development in the Ells
River watershed; however, to be consistent with sampling under the JOSM Plan,
the station was not moved in 2012. Therefore, baseline station ELR-2A was
sampled in winter and fall in 2012;

= Four new test stations were established south of Fort McMurray in the Christina
River watershed, including Christina Lake (CHL-1), Sunday Creek (SUC-1),
Sawbones Creek (SAC-1), and Jackfish River (JAR-1), to acquire data for RAMP
southern operators; and

= GShelley Creek, a test station (SHC-1) in the Muskeg River watershed, was
removed from the sampling program, given there is currently no water flowing
in the creek.

Changes in Analytical Chemistry Methods from 2011

No changes were made in analytical chemistry methods from 2011 to 2012.

Challenges Encountered and Solutions Applied

During the fall sampling program, high rain events created potentially hazardous
sampling conditions. Extra safety precautions were taken while sampling and when
needed sampling was delayed until weather conditions improved. All scheduled
sampling occurred.

Other Information Obtained

All sampling for the Water Quality component in 2012 was conducted by the RAMP
implementation team, with the exception of three stations on the mainstem Athabasca
River (ATR-UFM, ATR-OF, and ATR-FR) that were sampled by AESRD, with the data
provided to RAMP for inclusion in the analyses contained in this report (Table 3.1-3). The
analytical package used by AESRD for PAHs, CCME hydrocarbons, and BTEX differs
from RAMP analytical procedures, with higher detection limits in the AESRD data.

Summary of Component Data Now Available

Water quality data collected to date by RAMP are summarized in Table 3.1-6. Table 3.1-6
does not include all data collected by AESRD, only the data provided to RAMP for

analysis.
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Table 3.1-3 Summary of sampling for the RAMP 2012 Water Quality component.

UTM Coordinates (NAD83, Zone 12)

Analytical Package by Season

Station Identifier and Location - - - - Sample Type
Easting Northing Winter Spring Summer Fall

Athabasca River
ATR-DC-E Athabasca River upstream of Donald Creek (east bank) 475120 6298154 3 3 3 3 East bank grab
ATR-DC-W Athabasca River upstream of Donald Creek (west bank) 475102 6298152 3 3 3 3 West bank grab
ATR-DD-E Athabasca River downstream of all development (east bank) 463709 6367189 3 3 3 3 East bank grab
ATR-DD-W Athabasca River downstream of all development (west bank) 463709 6367819 3 3 3 3 West bank grab
ATR-MR-E Athabasca River upstream of the Muskeg River (east bank) 463504 6332230 - - - 3 East bank grab
ATR-MR-W Athabasca River upstream of the Muskeg River (west bank) 463195 6332090 - - - 3 West bank grab
ATR-SR-E Athabasca River upstream of the Steepbank River (east bank) 470932 6319461 - - - 3 East bank grab
ATR-SR-W Athabasca River upstream of the Steepbank River (west bank) 470785 6319199 - - - 3 West bank grab
Tributaries to the Athabasca River (Southern)
Clearwater River
CLR-1 Clearwater River upstream of Fort McMurray 480735 6283997 - - - 3 Mid-channel grab
CLR-2 Clearwater River upstream of Christina River 496094 6280541 - - - 3 Mid-channel grab
Christina River and Tributaries
CHR-1 Christina River upstream of Fort McMurray 495968 6280327 - - - 3 Mid-channel grab
CHR-2 Christina River upstream of Janvier 512360 6193385 - - - 3 Mid-channel grab
JAR-1 Jackfish River 493797 6169546 - 3 3 3 Mid-channel grab
SuUC-1 Sunday Creek 506716 6159804 - 3 3 3 Mid-channel grab
SAC-1 Sawbones Creek 511453 6167195 - 3 3 3 Mid-channel grab
High Hills Creek
HHR-1 High Hills River (mouth) 529938 6289299 3 3 3 3 Mid-channel grab
Tributaries to the Athabasca River (Eastern)
FOC-1 Fort Creek 461549 6363105 - - - 3 Mid-channel grab
MCC-1 McLean Creek (mouth) 474637 6306051 - - - 3 Mid-channel grab
Steepbank River
NSR-1 North Steepbank River 497367 6324536 - - - 3 Mid-channel grab
STR-1 Steepbank River (mouth) 471320 6320145 3 - - 3 Mid-channel grab
STR-2 Steepbank River upstream of Suncor Millennium 485845 6309326 - - - 3 Mid-channel grab
STR-3 Steepbank River upstream of North Steepbank River 495011 6300231 - - - 3 Mid-channel grab
Legend

1 = standard water quality parameters (conventionals, major ions, nutrients, total & dissolved metals, recoverable hydrocarbons and naphthenic acids)

2 = standard w.q. + chronic toxicity testing (Pseudokirchneriella subcapitata Ceriodaphnia dubia, Pimephales promelusfathead minnow)

3 = standard water quality + PAHs

4 = standard water quality + chronic tox testing + PAHs

5 = standard water quality for OPTI lakes (routine paramters and arsenic)

6 = thermograph

7 = thermograph + standard water quality

8 = thermograph + standard water quality + PAHs

9 = thermograph + standard water quality + chronic tox. testing

10 = thermograph + standard water quality + chronic tox testing + PAHs

11 = AESRD routine parameters (conventional parameters, major ions, nutrients and total metals)
12 = AESRD routine parameters + RAMP standard parameters

13 = AESRD routine parameters + PAHs

14 = AESRD routine parameters + DataSonde

15 = AESRD routine parameters + PAHs + DataSonde

16 = standard water quality + chlorophyll-a

17 = standard water quality + chlorophyll-a + PAHs

* = Sampling was scheduled but didn’t occur (station was frozen to depth, dry or couldn’t be sampled due to another circumstance)
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Table 3.1-3 (Cont'd.)

UTM Coordinates (NAD83, Zone 12)

Analytical Package by Season

Station Identifier and Location - - " - Sample Type
Easting Northing Winter Spring Summer Fall

Muskeg River and Muskeg River Tributaries
MUR-1 Muskeg River (mouth) 463643 6332490 - - - 3 Mid-channel grab
MUR-6 Muskeg River upstream of Wapasu Creek 492093 6355679 - - - 3 Mid-channel grab
JAC-1 Jackpine Creek (mouth) 474982 6344048 - - - 3 Mid-channel grab
JAC-2 Jackpine Creek (upstream) 480050 6324945 - - - 3 Mid-channel grab
MUC-1 Muskeg Creek (mouth) 480967 6349070 3 Mid-channel grab
IYC-1 lyinimin Creek 489421 6345190 - - - 3 Mid-channel grab
STC-1 Stanley Creek (mouth) 477402 6356617 - - - 3 Mid-channel grab
WAC-1 Wapasu Creek at Canterra Road crossing 480969 6349062 - - - 3 Mid-channel grab
Firebag River
FIR-1 Firebag River (mouth) 479033 6400124 - - - 3 Mid-channel grab
FIR-2 Firebag River upstream of Suncor Firebag 531527 6354782 - - - 3 Mid-channel grab
Tributaries to the Athabasca River (Western)
BER-1 Beaver River (mouth) 463640 6330910 - - - 3 Mid-channel grab
POC-1 Poplar Creek (mouth) 472958 6308822 - - - 3 Mid-channel grab
BER-2 Beaver River (upper) 465489 6311275 - - - 3 Mid-channel grab
CAR-1 Calumet River (mouth) 459586 6362803 - - - 3 Mid-channel grab
CAR-2 Calumet River (upper river) 454710 6366441 - - - 3 Mid-channel grab
ELR-1 Ells River (mouth) 459304 6351517 - - - 3 Mid-channel grab
ELR-2 Ells River (upstream) 455756 6344917 - - - 3 Mid-channel grab
ELR-2A Ells River (upstream of Fort McKay Water Intake) 454471 6343543 3 3 Mid-channel grab
TAR-1 Tar River (mouth) 458854 6353551 - - - 3 Mid-channel grab
TAR-2 Tar River upstream of Canadian Natural Horizon 440357 6361662 - - - 3 Mid-channel grab
PIR-1 Pierre River (mouth) 462291 6367440 3* 3 3 3 Mid-channel grab
EYC-1 Eymundson Creek (mouth) 465933 6372234 3 3 3 3 Mid-channel grab
BIC-1 Big Creek (mouth) 471687 6387679 3* 3 3 3 Mid-channel grab
RCC-1 Red Clay Creek (mouth) 475878 6395027 3* 3 3 3 Mid-channel grab
Legend

1 = standard water quality parameters (conventionals, major ions, nutrients, total & dissolved metals, recoverable hydrocarbons and naphthenic acids)

2 = standard w.q. + chronic toxicity testing (Pseudokirchneriella subcapitata Ceriodaphnia dubia, Pimephales promelusfathead minnow)

3 = standard water quality + PAHs

4 = standard water quality + chronic tox testing + PAHs

5 = standard water quality for OPTI lakes (routine paramters and arsenic)

6 = thermograph

7 = thermograph + standard water quality

8 = thermograph + standard water quality + PAHs

9 = thermograph + standard water quality + chronic tox. testing

10 = thermograph + standard water quality + chronic tox testing + PAHs

11 = AESRD routine parameters (conventional parameters, major ions, nutrients and total metals)
12 = AESRD routine parameters + RAMP standard parameters

13 = AESRD routine parameters + PAHs

14 = AESRD routine parameters + DataSonde

15 = AESRD routine parameters + PAHs + DataSonde

16 = standard water quality + chlorophyll-a

17 = standard water quality + chlorophyll-a + PAHs

* = Sampling was scheduled but didn’t occur (station was frozen to depth, dry or couldn’t be sampled due to another circumstance)
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Table 3.1-3 (Cont'd.)

UTM Coordinates (NAD83, Zone 12)

Analytical Package by Season

Station Identifier and Location - - - - Sample Type
Easting Northing Winter Spring Summer Fall
MacKay River
MAR-1 MacKay River (mouth) 461314 6336214 - - - 3 Mid-channel grab
MAR-2 MacKay River upstream of Suncor MacKay 444731 6314041 - - - 3 Mid-channel grab
MAR-2A MacKay River upstream of Suncor Dover 449746 6320067 3 3 3 3 Mid-channel grab
Lakes and Wetlands
ISL-1 Isadore’s Lake 463356 6343198 - - - 17 Mid-lake grab
KEL-1 Kearl Lake 484850 6350577 - - - 17 Mid-lake grab
MCL-1 McClelland Lake 483309 6372106 - - - 17 Mid-lake grab
SHL-1 Shipyard Lake 473558 6313093 - - - 17 Mid-lake grab
JOL-1 Johnson Lake 536465 6390715 17 17 17 17 Mid-lake grab
CHL-1 Christina Lake 497226 6165178 - 17 17 17 Mid-lake grab
Tributaries to Lakes
MIC-1 Mills Creek, tributary to Isadore's Lake 463842 6344880 - - - 3 Mid-channel grab
QA/QC*
R 3 3 3 3 Trip _and field blanks, split,
duplicate

Government and Industry Monitoring Stations Contributing Data to RAMP
ATR-UFM Athabasca River upstream of Fort McMurray (monthly) 474901 6286327 13 11 13 11 AESRD sampling
ATR-OF Athabasca River at Old Fort (monthly) 470205 6474330 12 12 12 12 AESRD sampling
ATR-FR-CC Athabasca River upstream of the Firebag River 478031 6377868 13 13 13 13 AESRD sampling

Legend

1 = standard water quality parameters (conventionals, major ions, nutrients, total & dissolved metals, recoverable hydrocarbons and naphthenic acids)

2 = standard w.q. + chronic toxicity testing (Pseudokirchneriella subcapitata Ceriodaphnia dubia, Pimephales promelusfathead minnow)

3 = standard water quality + PAHs

4 = standard water quality + chronic tox testing + PAHs

5 = standard water quality for OPTI lakes (routine paramters and arsenic)

6 = thermograph

7 = thermograph + standard water quality

8 = thermograph + standard water quality + PAHs

9 = thermograph + standard water quality + chronic tox. testing

10 = thermograph + standard water quality + chronic tox testing + PAHs

11 = AESRD routine parameters (conventional parameters, major ions, nutrients and total metals)
12 = AESRD routine parameters + RAMP standard parameters

13 = AESRD routine parameters + PAHs

14 = AESRD routine parameters + DataSonde

15 = AESRD routine parameters + PAHs + DataSonde

16 = standard water quality + chlorophylla

17 = standard water quality + chlorophylla + PAHs

* = Sampling was scheduled but didn’t occur (station was frozen to depth, dry or couldn’t be sampled due to another circumstance)
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Table 3.1-4 RAMP standard water quality variables.

Detection VMV

Group Analyte Units Limit Analytical Method Code Lab
Conductivity uS/cm 0.2 APHA 4500-H, 2510, 2320 2041 ALS
Dissolved Organic Carbon mg/L 1 APHA 5310 C-Instrumental 6101 ALS
Hardness (as CaCOs) mg/L APHA 1030E 10602 ALS
pH pH 0.1 APHA 4500-H, 2510, 2320 10301 ALS
Conventional Total alkalinity mg/L 5 APHA 4500-H, 2510, 2320 10165  ALS
Variables Total Dissolved Solids mg/L 12 APHA 2540 C - ALS
Total Dissolved Solids (Calculated) mg/L APHA 1030E 203 ALS
Total Organic Carbon mg/L 1 APHA 5310 C-Instrumental 6001 ALS
Total Suspended Solids mg/L 3 APHA 2540 D 102455 ALS
True colour TCU 2 APHA 2120 2021 ALS
Benzene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID 101278  ALS
CCME Fraction 1 (BTEX) mg/L 0.1 EPA 5021/8015&8260 GC-MS & FID - ALS
CCME Fraction 1 (C6-C10) mg/L 0.1 EPA 5021/8015&8260 GC-MS & FID - ALS
CCME Fraction 2 (C10-C16) mg/L 0.25 EPA 3510/CCME PHC CWS-GC-FID 107876 ALS
CCME Fraction 3 (C16-C34) mg/L 0.25 EPA 3510/CCME PHC CWS-GC-FID 107878 ALS
CCME Fraction 4 (C34-C50) mg/L 0.25 EPA 3510/CCME PHC CWS-GC-FID 107880 ALS
Ethylbenzene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID - ALS
gf;:r:i‘:'s m-+p-Xylene mgiL 0.0005 EPA 5021/8015&8260 GC-MS & FID - ALS
Naphthenic acids mg/L 0.02 GC/MS-ion-trapping, 2011 standard 108338 AITF
Oilsands extractable mg/L 0.1 GC/MS-ion-trapping, 2011 standard 108477  AITF
o-Xylene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID ALS
Toluene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID 101279  ALS
Total phenolics mg/L 0.001 AB ENV.06537-COLORIMETRIC 6537 ALS
Total recoverable hydrocarbons mg/L 1 APHA 5520 F ALS
Xylenes mg/L 0.00071 EPA 5021/8015&8260 GC-MS & FID 101281 ALS
Bicarbonate (HCO3) mg/L 5 APHA 4500-H, 2510, 2320 6201 ALS
Calcium (Ca) mg/L 0.5 APHA 3120 B-ICP-OES 104394  ALS
Carbonate (COg) mg/L 5 APHA 4500-H, 2510, 2320 6301 ALS
Chloride (CI) mg/L 0.5 APHA 4110 B-ION CHROMATOGRAPHY 99494 ALS
Hydroxide (OH) mg/L 5 APHA 4500-H, 2510, 2320 8501 ALS
Major ions lon Balance % APHA 1030E 118 ALS
Magnesium (Mg) mg/L 0.1 APHA 3120 B-ICP-OES 104407 ALS
Potassium (K) mg/L 0.5 APHA 3120 B-ICP-OES 104416 ALS
Sodium (Na) mg/L 1 APHA 3120 B-ICP-OES 104423 ALS
Sulphate (SO4) mg/L 0.5 APHA 4110 B-ION CHROMATOGRAPHY 98228 ALS
Sulphide mg/L 0.002 APHA 4500 -S E-Auto-Colorimetry 16003 ALS
Ammonia-N mg/L 0.05 APHA 4500 NH3-NITROGEN (AMMONIA) - ALS
Biochemical Oxygen Demand mg/L 2 APHA 5210 B-5 day Incub.-O2 electrode 8202 ALS
Nitrate mg/L 0.05 APHA 4110 B-ION CHROMATOGRAPHY - ALS
) Nitrate+Nitrite mg/L 0.071 CALCULATION 103392 ALS
::g'ggt; Nitrite mgiL 0.05 APHA 4110 B-ION CHROMATOGRAPHY ~ 102962  ALS
Phosphorus, dissolved mg/L 0.001 APHA 4500-P PHOSPHORUS 15113 ALS
Phosphorus, total mg/L 0.001 APHA 4500-P PHOSPHORUS 15406 ALS
Total Kjeldahl Nitrogen mg/L 0.2 APHA 4500-NORG (TKN) 7021 ALS
Total nitrogen mg/L (Calculated) - -
Aluminum mg/L 0.003 ICP/MS by DRC-II 103999 AITF
Antimony mg/L 0.00005 ICP/MS by DRC-II 80043 AITF
Arsenic mg/L 0.0001 ICP/MS by DRC-II 80020 AITF
Barium mg/L 0.0001 ICP/MS by DRC-II 80022  AITF
Beryllium mg/L 0.0001 ICP/MS by DRC-II 80023  AITF
Total Metals
Bismuth mg/L 0.0001 ICP/MS by DRC-II 80024 AITF
Boron mg/L 0.0008 ICP/MS by DRC-II 80021 AITF
Cadmium mg/L 0.00001 ICP/MS by DRC-II 80026 AITF
Calcium mg/L 0.1 ICP/MS by DRC-II 80025  AITF
Chlorine mg/L 0.3 ICP/MS by DRC-II 80027  AITF
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Table 3.1-4 (Cont'd.)

Group Analyte Units Deﬁ?:qtiiton Analytical Method ggﬂd\é Lab
Chromium mg/L 0.0003 ICP/MS by DRC-II 80029 AITF
Cobalt mg/L 0.0001 ICP/MS by DRC-II 80028 AITF
Copper mg/L 0.0001 ICP/MS by DRC-II 80030 AITF
Iron mg/L 0.004 ICP/MS by DRC-II 80031 AITF
Lead mg/L 0.0001 ICP/MS by DRC-II 80041 AITF
Lithium mg/L 0.0002 ICP/MS by DRC-II 80034 AITF
Manganese mg/L 0.0001 ICP/MS by DRC-II 80036 AITF
Mercury mg/L 0.00005 ICP/MS by DRC-II 80032 AITF
Mercury (Hg), ultra-trace ng/L 0.6 ICP/MS by DRC-II 101979 AITF
Molybdenum mg/L 0.0001 ICP/MS by DRC-II 80037 AITF

Total Metals  Nickel mg/L 0.0001 ICP/MS by DRC-II 80039 AITF

(Contd.) Selenium mg/L 0.0003 ICP/MS by DRC-II 80044  AITF
Silver mg/L 0.00001 ICP/MS by DRC-II 103998 AITF
Strontium mg/L 0.0001 ICP/MS by DRC-II 80047 AITF
Sulphur mg/L 2 ICP/MS by DRC-II 80042 AITF
Thallium mg/L 0.0001 ICP/MS by DRC-II 80053 AITF
Thorium mg/L 0.0001 ICP/MS by DRC-II 80048 AITF
Tin mg/L 0.0001 ICP/MS by DRC-II 80046 AITF
Titanium mg/L 0.0001 ICP/MS by DRC-II 80049 AITF
Uranium mg/L 0.0001 ICP/MS by DRC-II 80054 AITF
Vanadium mg/L 0.0001 ICP/MS by DRC-II 80055 AITF
Zinc mg/L 0.0002 ICP/MS by DRC-II 80056 AITF
Aluminum mg/L 0.001 ICP/MS by DRC-II 103927 AITF
Antimony mg/L 0.00005 ICP/MS by DRC-II 103951 AITF
Arsenic mg/L 0.0001 ICP/MS by DRC-II 103928 AITF
Barium mg/L 0.0001 ICP/MS by DRC-II 103930 AITF
Beryllium mg/L 0.0001 ICP/MS by DRC-II 103931 AITF
Bismuth mg/L 0.0001 ICP/MS by DRC-II 103932 AITF
Boron mg/L 0.0008 ICP/MS by DRC-II 103929 AITF
Cadmium mg/L 0.00001 ICP/MS by DRC-II 103934 AITF
Calcium mg/L 0.1 ICP/MS by DRC-II 103933 AITF
Chlorine mg/L 0.3 ICP/MS by DRC-II 103935 AITF
Chromium mg/L 0.0003 ICP/MS by DRC-II 103937 AITF
Cobalt mg/L 0.0001 ICP/MS by DRC-II 103936 AITF
Copper mg/L 0.0001 ICP/MS by DRC-II 103938 AITF
Iron mg/L 0.004 ICP/MS by DRC-II 103939 AITF
Lead mg/L 0.0001 ICP/MS by DRC-II 103949 AITF

pissalved Lithium mg/L 0.0002 ICP/MS by DRC-II 103942 AITF
Manganese mg/L 0.0001 ICP/MS by DRC-II 103944  AITF
Mercury mg/L 0.00005 ICP/MS by DRC-II 103940 AITF
Molybdenum mg/L 0.0001 ICP/MS by DRC-II 103945 AITF
Nickel mg/L 0.0001 ICP/MS by DRC-II 103947 AITF
Selenium mg/L 0.0003 ICP/MS by DRC-II 103952 AITF
Silver mg/L 0.00001 ICP/MS by DRC-II 103926 AITF
Strontium mg/L 0.0001 ICP/MS by DRC-II 103955 AITF
Sulphur mg/L 2 ICP/MS by DRC-II 103950 AITF
Thallium mg/L 0.0001 ICP/MS by DRC-II 103958 AITF
Thorium mg/L 0.0001 ICP/MS by DRC-II 103956 AITF
Tin mg/L 0.0001 ICP/MS by DRC-II 103954  AITF
Titanium mg/L 0.0001 ICP/MS by DRC-II 103957 AITF
Uranium mg/L 0.0001 ICP/MS by DRC-II 103959  AITF
Vanadium mg/L 0.0001 ICP/MS by DRC-II 103960 AITF
Zinc mg/L 0.0002 ICP/MS by DRC-II 103961 AITF
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Table 3.1-5 RAMP PAH variables measured in water.

) Avera_ge Cc?rlraencli;ed Analytical
Group Analyte Units Rep_or?lng Detection Method Lab
Limit Limit

Biphenyl ng/L 0.144 2.046 LR GC/MS AXYS
C1-Biphenyls ng/L 0.138 19.294 LR GC/MS AXYS
C2-Biphenyls ng/L 0.625 86.336 LR GC/MS AXYS
Naphthalene ng/L 0.294 8.756 LR GC/MS AXYS
C1-Naphthalenes ng/L 0.228 3.071 LR GC/MS AXYS
C2-Naphthalenes ng/L 0.280 3.883 LR GC/MS AXYS
C3-Naphthalenes ng/L 0.202 2.689 LR GC/MS AXYS
C4-Naphthalenes ng/L 0.498 5.805 LR GC/MS AXYS
Acenaphthylene ng/L 0.131 0.343 LR GC/MS AXYS
Acenaphthene ng/L 0.250 0.619 LR GC/MS AXYS
C1-Acenaphthenes ng/L 0.174 0.327 LR GC/MS AXYS
Fluorene ng/L 0.113 0.304 LR GC/MS AXYS
C1-Fluorenes ng/L 0.379 8.435 LR GC/MS AXYS
C2-Fluorenes ng/L 0.378 1.712 LR GC/MS AXYS
C3-Fluorenes ng/L 0.326 3.761 LR GC/MS AXYS
Phenanthrene ng/L 0.132 1.072 LR GC/MS AXYS
Anthracene ng/L 0.149 0.186 LR GC/MS AXYS
C1-Phenanthrenes/Anthracenes ng/L 0.148 1.733 LR GC/MS AXYS
C2-Phenanthrenes/Anthracenes ng/L 0.204 1.915 LR GC/MS AXYS
C3-Phenanthrenes/Anthracenes ng/L 0.274 0.968 LR GC/MS AXYS
C4-Phenanthrenes/Anthracenes ng/L 0.849 5.273 LR GC/MS AXYS
PAHs Retene ng/L 0.837 0.509 LR GC/MS AXYS
Dibenzothiophene ng/L 0.132 0.210 LR GC/MS AXYS
C1-Dibenzothiophenes ng/L 0.202 5.591 LR GC/MS AXYS
C2-Dibenzothiophenes ng/L 0.287 26.420 LR GC/MS AXYS
C3-Dibenzothiophenes ng/L 0.178 1.135 LR GC/MS AXYS
C4-Dibenzothiophenes ng/L 0.557 1.947 LR GC/MS AXYS
Fluoranthene ng/L 0.116 0.653 LR GC/MS AXYS
Pyrene ng/L 0.117 0.570 LR GC/MS AXYS
C1-Fluoranthenes/Pyrenes ng/L 0.464 1.004 LR GC/MS AXYS
C2-Fluoranthenes/Pyrenes ng/L 0.359 1.621 LR GC/MS AXYS
C3-Fluoranthenes/Pyrenes ng/L 0.676 0.998 LR GC/MS AXYS
Benz[a]anthracene ng/L 0.140 0.291 LR GC/MS AXYS
Chrysene ng/L 0.146 0.432 LR GC/MS AXYS
C1-Benzo[a]anthracenes/Chrysenes ng/L 0.212 0.579 LR GC/MS AXYS
C2-Benzo[alanthracenes/Chrysenes ng/L 0.511 0.378 LR GC/MS AXYS
Benzo[b,j,k]fluoranthene ng/L 0.182 0.168 LR GC/MS AXYS
Benzo[a]pyrene ng/L 0.286 0.229 LR GC/MS AXYS
C1-Benzofluoranthenes/Benzopyrenes ng/L 0.375 0.706 LR GC/MS AXYS
C2-Benzofluoranthenes/Benzopyrenes ng/L 0.389 1.063 LR GC/MS AXYS
Indenol[1,2,3-c,d]-pyrene ng/L 0.181 0.232 LR GC/MS AXYS
Dibenz[a,h]anthracene ng/L 0.173 0.319 LR GC/MS AXYS
Benzol[g,h,i]perylene ng/L 0.170 0.187 LR GC/MS AXYS
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Table 3.1-6 Summary of RAMP data available for the Water Quality component. (Page 1 of 2)
See symbol key below.
. . 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Waterbody and Location Station
wW s S FIW S S F|IW S S F|WS S F|WS S FfWS S FIWS S F|WS S F|WS S FIWS S F(WS S F|WS S F|WS S F|IWS S FIWS S FIW S S F
Athabasca River
Upstream of Fort McMurray (grab) * ATR-UFM 13 11 13 11|13 11 13 11 |13 11 13 1113 11 13 11 (13 11 13 11(13 11 13 11|13 11 13 11|13 11 13 11|13 11 13 11|13 11 13 11|13 11 13 11|11 13 11 13|11 13 11 13|11 13 11 13|11 13 11 13|11 13 11 13
Upstream Donald Creek (cross channel) ATR-DC-CC 17 1 1 3 3 1 111 1 1
(westbank)b ATR-DC-W 1 1 3 1 1 1 1 1 111 111 1(14 1 1 111 3 3 3|3 3 3 3
(eastbank)b ATR-DC-E 1 1 3 1 1 1 1 1 111 111 1/(/1 1 1 1(1 3 3 3|3 3 3 3
(middle) ATR-DC-M 1
Upstream of the Steepbank River (middle) ATR-SR-M 1
(west bank) ATR-SR-W 1 1 1 1 1 1 1 1 1 1 1 3 3
(east bank) ATR-SR-E 1 1 1 1 1 1 1 1 1 1 1 3 3
Upstream of the Muskeg River (middle) ATR-MR-M 1
(west bank) be ATR-MR-W 1 1 1 1 1 1 1 1 1 1 1 1 3 3
(east bank) be ATR-MR-E 1 1 1 1 1 1 1 1 1 1 1 1 3 3
Upstream Fort Creek (cross channel) ATR-FC-CC-D 17 1 1
(west bank) °° ATR-FC-W 1 1 3 1 1
(east bank) °°© ATR-FC-E 1 1 3 1 1
(middle) ATR-FC-M 1
Downstream of all development (cross channel) ATR-DD-CC 1T 1 1 311171 1 3|11 1 1 3|11 1 1 1
(east bank) ATR-DD-E 1T 11 11 1 1 11 1 1 11 1 1 11 1 1 111 1 1 1)1 3 3 3|3 3 3 3
(west bank) ATR-DD-W 1T 1 1 11 1 1 111 1 1 111 1 1 111 1 1 111 1 1 111 3 3 33 3 3 3
Upstream of mouth of Firebag River ATR-FR-CC 1 1 1 1 1 1 1 1 1 3 3
Upstream of the Embarras River (cross channel) ATR-ER 1 1 3 1
Embarras River EMR-1 1
At Old Fort(grab)d ATR-OF 11 11 11 11|11 11 11 1112 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12
Athabasca River Delta
Big Point Channel © ARD-1 1 1 1 1 1
Athabasca River tributaries (Eastern)
McLean Creek (mouth) MCC-1 6 7 6 6 9 6 6 9 6 6 7 6 6 7 6 6 9 7 7 9 6 6 9 9 1 1 1 3 3
(100 m upstream) MCC-2 6 6
Steepbank River (mouth) STR-1 3 1 1 1 1 1 1 1 1 111 1 1 1 1 1 111 111 111 111 313 3
(upstream of Project Millennium) STR-2 1 1 1 1 1 1 1 1 1 1 3 3
(upstream of Nt. Steepbank) STR-3 1T 1 1 111 1 1 1 1T 1 111 1 1 1 1 1 1 3 3
North Steepbank River (upstream of Suncor Lewis) NSR-1 1T 1 111 1 1 111 1 1 111 1 1 1 1 1 1 1 1 3 3
Fort Creek (mouth) FOC-1 7 7 6 6 7 6 6 7 6 6 7 6 6 7 7 6 6 7 6 6 7 1 3 3
Muskeg River
Mouth ’ MUR-1 1 1113 13,1 13,1 11,1] 13 13,6 13,6 11,7 1 1 1 1 1 1 1 1 1 1 1 3 3
Upstream of Wapasu Creek MUR-6 1,2 7 7 7 6 6 9 6 6 7 6 6 7 6 6 7 6 6 7 6 6 7 6 6 7 7 6 6 7 1 1 3 3
Muskeg River Tributaries
Alsands Drain (mouth)'gh ALD-1 13 13 13 11 (13 13,6 136 11,7/ 4 10 10 10 4 10 10 10| 4 10 10 10 4 10 10 10( 4 10 10 10
Jackpine Creek (mouth) ° JAC-1 13 13 13 11|13 13 13 11,1 1 1 1 1 17 1 1 1 1 1 1 1 2 3 3
(upper) JAC-2 1 1 2 3 3
Shelley Creek (mouth) SHC-1 11 11,1 1 1 1 3
Muskeg Creek (mouth) MUC-1 11,2 11,1 1 1 1 111 1 1 1 1 1 111 1 1 1 3 3
Stanley Creek (mouth) STC-1 11 11,1 1711 1 1 11 1 1 11 1 1 1|1 1 1 1 1 1 1 1 1 3 3
lyinimin Creek (mouth) 1YC-1 1 1 1 1 3 3
Wapasu Creek (Canterra Road Crossing) WAC-1 11,2 1 11,1 1 1 1 1 1 1 1 3 3
Legend Footnotes
1 = standard water quality parameters (conventionals, major ions, nutrients, total & dissolved metals, 2 Two samples collected in winter, but PAHs and several other parameters only measured once
recoverable hydrocarbons and naphthenic acids) b Sample sites were previously labeled ATR-1, 2 and 3 (moving upstream from the Delta)
2 = standard w.qg. + chronic toxicity testing (Pseudokirchneriella subcapitata, ¢ Samples were collected downstream of tributary in 1998
Ceriodaphnia dubia, Pimephales promelusfathead minnow) d Monthly sampling for nutrients and conventional parameters; quarterly sampling for total and dissolved metals
3 = standard water quality + PAHs € In 1999, one composite samples was prepared with water from Big Point, Goose Island, Embarras
4 = standard water quality + chronic tox testing + PAHs and an unnamed side channel
5 = standard water quality for OPTI lakes (routine paramters and arsenic) L] testing, with the exception of thermographs, is conducted by individual industry
6 = thermograph 9 AENV collects/collected nine samples throughout the year, although only three are/were analyzed for PAHs
h

7 = thermograph + standard water quality
8 = thermograph + standard water quality + PAHs

9 = thermograph + standard water quality + chronic tox. testing

10 = thermograph + standard water quality + chronic tox testing + PAHs
11 = AESRD routine parameters (conventional parameters, major ions, nutrients and total metals)

12 = AESRD routine parameters + RAMP standard parameters

13 = AESRD routine parameters + PAHs

14 = AESRD routine parameters + DataSonde

15 = AESRD routine parameters + PAHs + DataSonde
16 = standard water quality + chlorophyll-a

17 = standard water quality + chlorophyll-a + PAHs

In 1999, MUR-4 was located upstream of Shelley Creek

Test (downstream of focal projects)
Baseline (upstream of focal projects)

Baseline (excluded from Regional Baseline calculations because of upstream non-RAMP oil-sands activities)
Sampling was scheduled but didn’t occur (station was frozen to depth, dry or couldn’t be sampled due to another circumstance)

\ = allowance made for potential TIE



Table 3.1-6 (Cont'd.) (Page 2 of 2)

See symbol key below.

. . 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Waterbody and Location Station
W S S F|W S S F|Iw S S8 F|IW S S F|W S S FIWS S FIWS S FI[wWS S FfwWS S F|WS S F|WS S F|WS S F|WS S F|WS S F|IWS S F|IW S S F
Athabasca River tributaries (Western)
Poplar Creek (mouth) POC-1 1 1 1 1 1 1 1 1 1 1 1 3 3
Beaver River (mouth) BER-1 1 1 1 1 1 1 1 111 1 1 1 3 3
(upper) BER-2 1T 1 111 1 1 11 1 1 1 3 3
MacKay River (mouth) MAR-1 1 1 111 1 1T 1 1 1 1 1 1 17011 1 1 111 1 1 1 1 3 3
(mid-river, upstream of Suncor Dover) MAR-2A T 1 1 111 1 1 111 3 3 3|13 3 3 3
(upstream of Suncor MacKay) MAR-2 1 111 1 1 1 1 1 1 111 1 1 111 1 1 1 1 3 3
Dunkirk River (Fish program support) DUR-1 1
Ells River (mouth) ELR-1 1 1 1 11 11 11 [ 11 1T 1 211 1 1 211 1 1 2(1 1 1 2 1 1 1 1 1 3 3
(upstream of Total Joslyn Mine) ELR-2 1 11 11 |14 1T 1 1 211 1 1 111 1 1 111 1 1 1 1 1 1 3 3
(upstream of the Fort MacKay water intake) ELR-2A 111 3 3 3|3 3
Tar River (mouth) TAR-1 1 1 1 1T 1 21 1 1 2(1 1 1 11 1 1 1 1 1 1 17 1 1 1 3 3
(upstream of Canadian Natural Horizon) TAR-2 1T 1 1 111 1 1 111 1 1 21 1 1 2 1 17 1 1 1 3 3
Calumet River (mouth) CAR-1 1T 1 211 1 1 21 1 1 21 1 1 2 1 1 1 1 1 3 3
Calumet River (upstrream of Canadian Natural Horizon CAR-2 1T 1 1 211 1 1 2|11 1 1 2 1 1 1 3 3
Firebag River (mouth) FIR-1 1T 1 1 111 1 1 111 1 1 111 1 1 1 1 1 1 1 1 3 3
(upstream of Suncor Firebag) FIR-2 1T 1 1 111 1 1 111 1 1 111 1 1 1 1 1 1 1 1 3 3
Pierre River (mouth) PIR-1 1 3 3 3|3 3 3 3
Eymundson Creek (mouth) EYC-1 1 3 3 3|3 3 3 3
Big Creek (mouth) BIC-1 1 3 3 3|3 3 3 3
Red Clay Creek (mouth) RCC-1 1 3 3 3|3 3 3 3
Athabasca River tributaries (Southern)
Clearwater River (upstream of Fort McMurray) CLR-1 3 8 8 8(1 7 7 8|1 7 7 8|1 7 7 7|1 7 7 7|1 7 7 7 7T 7 7 1 1 1 3 3
(upstream of Christina River) CLR-2 3 8 8 8|1 7 7 8|1 7 7 8|1 7 7 7|1 7 7 7 6 6 7 6 7 1 1 1 3 3
Christina River (upstream of Fort McMurray) CHR-1 1 1 1 3|11 1 1 3|11 1 1 3|11 1 1 1 111 1 1 1 1 3 3
(upstream of Janvier) CHR-2 1T 1 1 3|1 1 1 3|11 1 1 3|11 1 1 1 111 1 1 1 1 3 3
(mid) CHR-2A 1 1
Jackfish River (outlet of Christina Lake) JAR-1 3 3 3
Sunday Creek (inlet to Chistina Lake) SuUC-1 3 3 3
Sawbones Creek (inlet to Chistina Lake) SAC-1 3 3 3
Hangingstone River (upstream of Fort McMurray) HAR-1 1T 1 1 111 1 1 111 1 1 1 1 1 1 1
Horse River (Fish program support) HOR-1 1
High Hills River (mouth) HHR-1 1 3 3 3|3 3 3 3
Lake Tributaries
Mills Creek MIC-1 1 3 3
Wetlands (Lakes)
Kearl Lake KEL-1 16+3 16+3] 16+3| 16 16 111 1 16 16 16 16 16 16 16 16 16 16 17 17
Isadore's Lake ISL-1 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 17 17
Shipyard Lake SHL-1 16 1 16 1 16 1 16 16 16 16 1 1 16 16 16 16 16 16 16 16 16 16 16 16 17 17
McClelland Lake MCL-1 16 1 16 1 1 16 16 16 1 16 17 17
Johnson Lake JOL-1 16 17 17 1717 17 17 17
Christina Lake CHL-1 17 17 17
Additional Sampling (Non-Core Programs)
Unnammed Creek north of Ft. Creek (mouth) UNC-1 1
Nexen Lakes - 9 9 9 9 5 9 9 5] 5] 5] 5] 5] 5 5
Potential TIE - V N V
QA/QC
Field and trip blanks, one split and duplicate - | 1 1 1 1 1 | 1 1 1 1,1| 1 1 1 1,1| 1 1 1 1,1| 11 1 1141 1 1 1141 1 1 141 1 1 1401 1 1 1101 1 1 111 1 1 11 1,1
Legend Footnotes
1 = standard water quality parameters (conventionals, major ions, nutrients, total & dissolved metals, 2 Two samples collected in winter, but PAHs and several other parameters only measured once
recoverable hydrocarbons and naphthenic acids) b Sample sites were previously labeled ATR-1, 2 and 3 (moving upstream from the Delta)
2 = standard w.qg. + chronic toxicity testing (Pseudokirchneriella subcapitata, ¢ Samples were collected downstream of tributary in 1998
Ceriodaphnia dubia, Pimephales promelusfathead minnow) d Monthly sampling for nutrients and conventional parameters; quarterly sampling for total and dissolved metals
3 = standard water quality + PAHs € In 1999, one composite samples was prepared with water from Big Point, Goose Island, Embarras
4 = standard water quality + chronic tox testing + PAHs and an unnamed side channel
5 = standard water quality for OPTI lakes (routine paramters and arsenic) Al testing, with the exception of thermographs, is conducted by individual industry
6 = thermograph 9 AENV collects/collected nine samples throughout the year, although only three are/were analyzed for PAHs
h

7 = thermograph + standard water quality
8 = thermograph + standard water quality + PAHs
9 = thermograph + standard water quality + chronic tox. testing

10 = thermograph + standard water quality + chronic tox testing + PAHs
11 = AESRD routine parameters (conventional parameters, major ions, nutrients and total metals)

12 = AESRD routine parameters + RAMP standard parameters
13 = AESRD routine parameters + PAHs

14 = AESRD routine parameters + DataSonde

15 = AESRD routine parameters + PAHs + DataSonde

16 = standard water quality + chlorophyll-a

17 = standard water quality + chlorophyll-a + PAHs

In 1999, MUR-4 was located upstream of Shelley Creek

Test (downstream of focal projects)

Baseline (upstream of focal projects)

Baseline (excluded from Regional Baseline calculations because of upstream non-RAMP oil-sands activities)

Sampling was scheduled but didn’t occur (station was frozen to depth, dry or couldn’t be sampled due to another circumstance)

\ = allowance made for potential TIE



3.1.3
3.1.3.1

Benthic Invertebrate Communities and Sediment Quality

Overview of 2012 Monitoring Activities for the Benthic Invertebrate
Communities Component

Benthic invertebrate communities were sampled from September 1 to 16, 2012. A total of
319 samples were collected from 21 river reaches and six lakes (Figure 3.1-4, Table 3.1-7).
As in previous years, river-reach samples were collected in the dominant habitat type found
in each reach (Table 3.1-7). Habitats were defined as being either depositional (dominated
by fine sediment deposits and low to no current) or erosional (dominated by rocky substrates
and frequent riffle areas). These habitat classes do not change from year to year within a
reach, so sampling methods used within any reach are the same from year to year.

Field Methods

Benthic invertebrates communities were sampled according to standard methods used in
previous years (Golder 2003b, RAMP 2009b), which were developed from Alberta
Environment (1990), Environment Canada (1993), Klemm et al. (1990), and Rosenberg
and Resh (1993). A Hess cylinder (0.093-m? opening and 210-um mesh) was used for
collection of benthic invertebrates in erosional areas. An Ekman grab (0.023 m?, 6” x 6”)
was used for benthic invertebrate collections in depositional habitats and was deployed
using a rope and messenger in lakes.

Ten replicate samples were collected from within pre-established 2 to 4 km long river
reaches. Five replicate samples were collected from ARD channels. Samples were selected
from within the reach, based on habitat availability and approximately equal spacing. Ten
replicate samples were randomly selected in lakes from littoral areas based on a controlled
depth range of 0.5 m to 3 m. Samples collected at depositional stations were sieved in the
field using a 250-pum screen, preserved in 10% buffered formalin, and bottled for transport.

As in previous years, a series of measurements were recorded as supporting information:
=  Wetted and bankfull channel widths - visual estimate (for rivers only);

= Field water quality measurements - dissolved oxygen, conductivity,
temperature, and pH. The instrument used to measure conductivity and pH was
calibrated according to manufacturer’s instructions; dissolved oxygen was
measured by field titrations;

= Current velocity - determined by measuring the time for a semi-submerged
object to travel a known distance (2 m);

= Water depth at the benthos sampling location - measured with a graduated
device (pole or Hess cylinder);

= Amount of benthic algae at erosional stations (for chlorophyll 2 measurement) -
obtained by scraping of a 1 cm x 1 cm square from three randomly-selected
cobbles and combining these into one composite sample per station;

= Substrate particle size distribution (erosional stations only) - visual estimates of
areal coverage by particles in standard size categories using the modified
Wentworth classification system (Cummins 1962) and expressed as percentages;

= An additional Ekman grab sample collected at depositional stations for analysis
of total organic carbon (TOC, as a dry weight percentage) and particle size
(% sand, silt and clay, as dry weight);

= Geographical position - using a hand-held Magellan Global Positioning System
(GPS) unit; and

=  General station appearance.
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Table 3.1-7 Summary of sampling locations for the RAMP 2012 Benthic
Invertebrate Communities component.

UTM Coordinates (NAD 83, Zone 12)

. . Reach or Downstream Limit Upstream Limit

Waterbody and Location Habitat® Station of Reach p of Reach
Easting Northing Easting Northing

Athabasca River Delta

Goose Island Channel depositional BPC-1 509619 6494139 509599 6494120

Big Point Channel depositional FLC-1 512003 6494367 511952 6494450

Fletcher Channel depositional GIC-1 496439 6491668 496455 6491683

Embarras River depositional EMR-2 494674 6491928 494684 6491920

Steepbank River

Lower Reach erosional STR-E1 471407 6320187 471522 6320290

Upper Reach erosional STR-E2 499959 6297575 501116 6297774

Muskeg River

Lower Reach erosional MUR-E1 463640 6332494 464707 6332336

Middle Reach depositional MUR-D2 466300 6339494 466588 6340504

Upper Reach depositional MUR-D3 480075 6357945 482128 6360073

Jackpine Creek

Lower Reach depositional JAC-D1 471849 6436449 473076 6346332

Upper Reach depositional JAC-D2 480064 6324951 480775 6324643

Beaver River

Upper Reach depositional BER-D2 465474 6311282 465208 6311027

Poplar Creek

Lower Reach depositional POC-D1 473020 6308782 472372 6308495

MacKay River

Lower Reach erosional MAR-E1 461314 6336214 460466 6337478

Middle Reach erosional MAR-E2 449746 6320067 448659 6319278

Upper Reach erosional MAR-E3 444731 6314041 443351 6314113

Tar River

Lower Reach depositional TAR-D1 458854 6353551 458561 6353560

Upper Reach erosional TAR-E2 440357 6361662 439870 6362093

Ells River

Lower Reach depositional ELR-D1 458903 6351738

Middle Reach erosional ELR-E2 455643 6344955 455744 6344134

Upper Reach erosional ELR-E2A 454471 6343543 453554 6344169

Calumet River

Lower Reach depositional CAR-D1 459586 6362803 459595 6302806

Upper Reach depositional CAR-D2 454710 6362441 454678 6362386

High Hills River

Lower Reach erosional HHR-E1 529936 6289300 530062 6290132

Fort Creek

Lower Reach depositional FOC-D1 461548 6363105 461731 6363065

Jackfish River

Lower Reach erosional JAR-E1 493812 6169529 494198 6168855

Christina River

Lower Reach depositional CHR-D1 495968 6280327 497736 6278503

Upper Reach depositional CHR-D2 512360 6193385 511905 6192474

Sawbones Creek

Lower Reach depositional SAC-D1 511453 6167195 511492 6167892

Sunday Creek

Lower Reach depositional SuUC-D1 506716 6159804 506257 6159707

Lakes?

Kearl Lake lake KEL-1 484850 6350577 484817 6350913

McClelland Lake lake MCL-1 483192 6372106 483360 6372191

Shipyard Lake lake SHL-1 473558 6313093 473558 6313093

Christina Lake lake CHL-1 497200 6162168 497226 6165178

Johnson Lake lake JOL-1 536465 6390715 537215 6390977
