Mine Operating Permit Application
Black Butte Copper Project, Meagher County, MT

Submitted by:

Tintina Montana, Inc.
Black Butte Copper Project
PO Box 431
White Sulphur Springs, MT 59645
406-547-3466

Submitted to:

Director Hard Rock Section

Montana Department of Environmental Quality
Environmental Management Bureau
P.O. Box 200901
Helena, Montana 59620-0901

December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

TABLE OF CONTENTS

1.0 INTRODUCTION AND PROJECT OVERVIEW ....couiiiiii e 1
I I o o =T o o= L1 o] o KO 4
1.2 Brief ProJECT HISTOMY ...ttt et e e e e e 4
RS 3 =T g o ] = (1 SRR PPPPPRSRRR 8
L 3 CT=To] (oo | TP PP PP PPPPPPPRI 10

1.4.1 Regional GeO0lOgiC SELNG ....uuiiiiei it e e e e e e e e e e e e enranee s 10
S ooz I CT=To] [oTo [ oR Y=Y 1110 T TSRS 10
e B B =T o o] | I/ o= TP PUR PR 14
1.4.4 MINEIAIZALION ...eviiiiiiee ettt e e e e e e et e e e e e e e e anrb e e aeeeeeennnneneeees 14
1.4.5 DEPOSIt GEOMEIIY ..eiiiiii ittt e e e e e ettt e e e e e e st e e e e e e st e e e e e e e s snstaaeeaeeeeeennnnnneees 15
1.4.6 MINETAl RESOUITES. ....eiiiitiiiieiitiiie ettt ettt e e sttt e e ettt e e ettt e e e sbb e e e s atbe e e e s abbeeeeaanaeeeeanns 15
1.5 Work Completed to Date under Exploration LICENSE ............uveeivieeeiiiiiiiiiiiiieeee e 16
1.6 Regulatory COMPIIBINCE ........uiiiiiiiiiiiieee e e e e a e e 16
2.0 EXISTING CONDITIONS / ENVIRONMENTAL BASELINE STUDIES ..., 20
2.1 Climate, Metrological Data and Air Quality ...............ccccciiiiiieeeeeeee, 21
0 I T 1 - SRR 21
2.1.2 Meteorological Data ColleCHON.........cvuviiiiie et 21
2.1.3 Meteorological Data ANAIYSIS ........ccociuiiiiiee e 21
2.1.4 Wet and Dry Return Periods for Project Site Precipitation.............ccccvvveeeeeeiiivvnnnen. 24
2. 1.5 AN QUANEY ettt ettt e e e e e e e e e e e s e b b e e e e e e e annaene s 25
2.2 WALEI RESOUICES ...oovtiuiiieeieieiiiie et e e e e e ettt e e e e e e e e e e ettt e e e e eaeeesstbtaaaeeeeeesssbaaaaeaaeeennes 26
2.2.1 Water Resources Study Area and Methods of Study..........ccccceeeiiiiiiiine i, 26
2.2.2 SUIMACE WALET ... .ottt ettt e e e ettt e e e e e e e eb bt e e e e e e e e annneeeeeas 32
2.2.3 GIOUNUWALET ...ttt e ettt e et e e e e e e ettt et e e e e s e sttt e e e e e e s sansasaeeeeeeeeeannsenneees 35
2.2.4 Water Resources Baseling MONItOrNG ........eveiiuiriiiiiiiiei e 35
2.2.5 Aquifer Characterization INVeStgatioNS...........cccuviiiiiiee i 45
2.2.6 Groundwater — Surface Water INteractionS............oocveveiiiiireiiiiiee e 49
2.3 WElaNdS RESOUICES ......ceiiiieeeiiiiiiieiiee e e e e e e ettt e e e e e e s s s aaeeaaaaeeeesssnssseeeeeeeeeeasannnes 53
2.3.1 Wetland Study Area and Methods............cooeiiiiiiiiiiiiie e 53
2.3.2 Wetland Delineation MethOds .........ccueiiiiiiiiii e 54
2.3.3 Wetland INAICOIS .....ouveeie ettt et e e e e et e e e anneeee s 54
2.3 4 WALl BOGIES ... .ottt e e e e ettt e e e e e e e st e e e e e e e e e annneneeas 55
2.3.5 Potential Waters of the US ... 56
2.3.6 Wetland Delineation SUMMEAIY ........cccvuriirieeeiieiiiiiieeeeessssiieeeeeeeessennnaeeeeeeeessnsnnneees 56
2.3.7 Functional Assessment of Wetlands ............cooiiiiiiiiiiiiiiiiies e 60
2.4 Environmental GEOCNEMISIIY .......coiiiiiiiiiiiiiie et 62
b A [ o T U T 4o o PSRRI 62
2.4.2 Waste ROCK GEOCNEMISIIY .....uuiiiiiei ittt e e e e e e e 63

Tintina Montana, Inc. il December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

A I - Y1 1 o ESR 1= To Lo 1T 41 1R 70
2.4.4 Environmental Chemistry CONCIUSIONS...........cociuiiiiiiie e 75
2.5 SO RESOUICES ... .o 76
T S 1011 LIS (0T |V Y Y- LR 76
2.5.2 SOIIS MELNOUS .....eeeeiiteie ettt 76
2.5.3 SOIIS RESUIES ...ttt e e e et as 76
2.6 Terrestrial Wildlife RESOUICES ......uuuiiiiiiee et e e s st e e e e e e e e srareeeeeaeeeeannnnnes 82
2.6.1 Wildlife Study Area and Methods ...........cevveeiiiiiiiiiiiic e 82
2.6.2 WildIIfe ODSEIVEA ......veeieiiiiiiie ettt e et e e e anneeee s 84
2.6.3 Proposed or Candidates for Listing under the Endangered Species Act................. 84
2.6.4 Montana Vertebrate Species Of CONCEIMN ........c.uuviiiiiieeiiiieeee e 85
2.7 AQUALIC RESOUICES ......etieiiieee e ettt ettt e e e e s et e e e e e e s s bbb n e e e e e e e e e aannes 85
2.7.1 Aquatics Study Area and MethOdS ..........coveeiiiiiiiiiiiicc e 85
2.7.2 Habitat and Water Quality EValuatioNS. ..........oocuviiiiiiieiiiieieeeee e 86
2.7.3 FISN COMMUINITIES ...eeiiiieee ittt e e e e e e st e e e e e e e snnnneees 86
2.7 4 MUSSEI SUIVEYS ..ottt ettt ettt e et et et e e anae e s 89
2.7.5 Macroinvertebrate COMMUNILIES .....c.vvviiiiiiiieiiieii e 89
2.7.6 Periphyton COMMUNITIES ......vviiiieeeeiiiiiiieee e e et e e e e st e e e e e s s s e e e e e e e s annrnneees 89
2.7.7 Amphibian and Reptile INCIAENTAIS ...........cooiiiiiiiiiiie e 89
A A S @ Tod U1 o 13RS 89
2.8 VegetatioN RESOUICES......cciii ittt ettt e e e e st e e e e e e e s s bbb e e e e e e e e s e annes 90
2.8.1 Vegetation Habitat TYPES ....uuuiiiiii ittt e e e e e arnnee s 20
2.8.2 Vegetation Productivity and ULIITY ... 93
2.8.3 Vegetation Species List/MT National Heritage Program- Listed Species................ 93
2.8 4 WEBBUS. ...ttt ettt e e annee s 93
2.9 CURUFAl RESOUICES. ... uutiiiiiieeee e ettt e e e e e e e ettt e e e e e e e st eeeaeeeessannnbreneeeeeeeeeaannnes 93
2.9.1 Cultural Resources Introduction and Methods ...........ccoooiiiiiirieeeiiiiieeee e 93
2.9.2 Cultural Resources Inventoried and StUdY Ar€a..........ccovuveieiiiiiieiiiiiie e 94
2.9.3 Cultural Resource RecOMmMENAatiONS..........cooiuiiiiiiiiiie e 94
2.10 SOCIO-ECONOMIC RESOUITES ......vvviiiiieeeeeeiiiiiieiie e e e e e e e s et eeeeee e s s ssnnbeeeeeeeeeeeeaannnnes 98
2.00.0 POPUIALION ...ttt ettt et et et et 98
P O 7 B 1= o' o T | = '] [ RS 98
2.10.3 EMployment BY INAUSETY .....uvviiiiiieiiciieeee e e e e e e 99
2.10.4 EMPIOYMENT RALE ....ciieiiiiiiiieiie ettt e e e e e e s st e e e e e e s enarneeees 99
2.00.5 INCOME ... 100
20T NOISE ettt ———————————————————————— 100
2.12 Transportation RESOUICES.........ccooeiiiiiiieeiee e, 102
2.12.1 Transportation Study Area and Methods.............cooiiiiiiiiiiiiiieeee 102
A o - o PSPPSR 102
P 1] [ o =T PSSP 107
N SR N | 0T RSO PPPRPRP 107

Tintina Montana, Inc. iii December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

b 1 IR T o 6 T PP EPP R POPUPPPPPRRPPN 108
3.0 OPERATING PLAN .. ottt et e e e e et e e e e et e et e et e e e e eae e e eeaaa e eeeann s eeeaennaeennnnn 109
B INtrOAUCTION ... 109

3.1.1 Mine Permit BOUNGAIY ......cccuiiiiiiie e e ciiieee e e st e e e e e st e e e e e e s e s snnnaeaeeeaeeeeennnes 109
3.1.2 List of Facilities with Surface Disturbance ACres ........ccccovvvveiiiiie e 109
3.2 Underground Mine Operations and Mining Methods ...........ccccccoviiiiiiiiiieene e 110
T2 I [ 1o o U X 1o o PSPPSR 110
3.2.2 Tintina’s Underground MINE Plan ............uovvieiiiiiiiiiiiice e e e e e e e e 110
3.3 MiINeral ProUCTION .......uuiiiiieeeei ittt e e e e e e s e e e e e e s s snnrbaeeeeeeeeeeeanns 122
3.3.1 Processing MEthOU. .......coouuiiiiiiiiii it 122
3.3.2 ProCeSSING FACIIItY ... .ceiiiiiiiiiiieiee ettt e e s e e e e e e e e ee e e e e e e e ennes 125
3.3.3 Mill SUPPOIt FACITIES....ceeii ittt e e e s s re e e e e e e e ennes 132
3.4 Mine Site - General Construction, Erosion Control and Engineering Studies......... 134
3.4.1 Overview and DiStUrbDanCe ACIES ......c..uuueiiiiee e e e e e e e e e 134
3.4.2 Construction of Surface FacilitieS...........cocuuiiiiiiiie e 137
3.5 ENgineering EVAIUALIONS ..........ooouiiiiiiiiee et e e e e e e e e e e e e e enns 141
3.5.1 Geotechnical Foundation EValUAtIONS...........ccoviiiiiiiiiiee e 141
3.5.2 DESIGN STANUAIIS ......eeeieiieii e 143
TSR S 1= ] 1 T | /SO PEERR 144
3.5.4 TailingS CharaCteriStiCS ........uuuiiiiieiiiiiiiiiee e e e e e e re e e e e e e e eanes 145
3.5.5 Stability ANAIYSES ....eeeiiiiiiiie e e e 145
3.5.6 SEEPAGE ANAIYSIS .. .uiiiiieiiiiitiiiii e e e a e e e e e aeeeaanne 152
3.6 Infrastructure Support and Waste and Water Management Facilities..................... 153
GG T80 R = Lo 7= Lo £ PSPPSR 154
ST o Ta = I - To TSSO OPPPP 159
3.6.3 VeNLlAtioN RAISES ... .cuiiieiiiiiiiiiiii ettt e e e e e e e e e e e e e s s e e e e e e e e annnes 165
3.6.4 Temporary Waste Rock and Operational Copper-enriched Rock Storage
L= (o 11T SRR 165
3.6.5 Process Water PONA (PWP) .....ooiiii ittt e e e e siaeae e e e e e e e e 168
3.6.6 Contact Water PONA (CWP) ....ueeiiieii ettt e e e e ae e e e e e e e e 175
3.6.7 Cemented tailings FacCility (CTF) ....cooiiiiiiiiie e e 178
3.6.8 Non-Contact Water Reservoir (NCWR)........ooiiiiiiiiiiiiaa i 190
3.6.9 STOCKPIIES ... 195
3.6.10 PIPEIINES ..eeeeee ettt e e a e e e a e e aaeaaann 195
3.6.11 Equipment and Contract Manpower Required for Support Facility
(0] 0151 11 o 1o o SRR 197
3.7 Water Man@QEIMENT.......uuiiiiiieiiiiiiiteie e e e e et e e e e e e st e e e e e e s s bbb e e eeeeeeeaanns 200
.7 L WALl SUPPIY -ttt e e e e e et a e e e e e e aane 200
B.7.2 WALl BAIANCE ... ..ttt ettt e e e e e e e e e e e e e e e e e e aanne 201
3.7.3 WALl TrRAIMENT.....eeeiiiieiiiiit ettt e e e e e e e e e e e e e 206
3.7.4 Treated Water DISPOSITION ......uuuiiieeeiiiiiiiiiiie e e et e e e e s e e e e s s e ae e e e e e e e ennnes 219

Tintina Montana, Inc. iv December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

.75 STOMM WAL ...ttt e e e e e e e e e e e e e e e 222
3.7.6 Erosion Control Methods and Best Management Practices (BMPS) ..................... 229
3.8 Other Operational Management COMPONENTS ..........oooiiirriiiiieeeeee e e 234
3.8.1 Employees, Contractors and HOUSING .......cueeeriiiiiiiiiiiie e ieiiiiieee e e e sesiieeee e e e e e 234
3.8.2 Projected Construction and Operational TraffiC .......ccccccoviciiiiiieie e, 236
3.8.3 Waters Of the US (WOTUS) ..uuuieiiiiii ittt e e e e e e e e e e e 237
3.8.4 Air Quality and DUSE CONIIOL.......ciiiiiiiiiiiiiie e 238
3.8.5 Visual RESOUICE ASSESSIMENT.....ciiiiiiiiiiiiiiee e ettt e e e e e et e e e e e e et eeeeaeeeaennes 240
3.8.6 OPEratioN@l NOISE .....uuiieee i ittt e e e e e ettt e e s s e e e e e s s s r e e e e e s s s ssnanneeeeeeeaannnes 245
S A 1= o 0 (=T o o LTSRS 249
3.8.8 S0lid Waste DISPOSAL.........cccuuiiiiiiee e it e e e e e e rr e e e e e e e 249
3.8.1 Sewage TreatMeNt ........ooiiiiiiii 249
3.8.2 Hazardous Materials DISPOSAL.........ccuuiiiiiiiiiiiiiiee et 250
3.8.3 St SBCUILY eiiiiiiiiiii e e e e ettt e e s e e e e e e e a e e e e e e e s s na e e e eeeesaennnnnnneeeeeeeaannnes 250
G S 0 S T | o1 o OSSR 251
3.8.5 Cultural ReS0oUICe ProteCiON .......ccciiiiiiiiiiiiee ettt 251
4.0 MODELING STUDIES ... .cooti ittt e e e e e e e e e e et s e e e e at e e e et e e e eat e eeeasneeeannnnes 252
4.1 Hydrologic Conceptual MOdel ..........coouiiiiiiiiiii e 252
g I Lo T 0] g = LIRS Y=Y 1] o RS 252
4.1.2 Hydro-StratigraphiC UNILS ......cccuiiiiiecce e e e 257
4.1.3 Groundwater FIOW CONGITIONS .......coiiiaiiiiiiiiiiee et eeea e 259
4.1.4 Groundwater — Surface Water INteraction............ooocuuieiiiiieiiiiieee e 264
4.1.5 WaLer BAlANCE ....ccoiiiiieiieee ettt e e e e e e e e e aaaaaeeas 264
4.1.6 Summary of Groundwater Modeling ASSESSMENT.........ccvveeriiiiiiiiiieeeeesieiieeeeeeen 266
Lo e LYo Tol o= T ] (o= V1Y ToTo (=] 11 o TR PPN 272
4.2.1 Hydrogeochemical Predictions of Water QUality ...........cccocvveeiiiiieeiiiiiee e 272
4.2.2 Prediction of Groundwater Quality in the Underground Workings ...........cccccceee.... 275
4.2.3 Seepage Prediction for Temporary Waste Rock Storage ........ccccccvveeeeviiiiiiennenenn. 276
4.2.4 CTF Seepage/Run-off Water QUAlIY ...........eeveeeeiiiiiiiiiiiccce e 276
4.2.5 Updated Water Quality Data Predictions (WTP and PWP, based on UG,
WRS, AN CTF) ottt e e e et e e snte e st e e snaeeaseeenneees 277
L O I 7N I L 111 278
5.1 SUIMMABIY ..ottt ettt e e et et e e e et e e e e e e e e s nneeas 278
5.1.1 Failure Modes Effects ANalysis (FMEA) .........oooiiiiiiiieiiiee e 279
6.0 MONITORING. ..ottt et e e et e e e et e e e e et e e e eeta e e ee ettt e e e eaaa e eeesta e eeestnnaeaenean 281
6.1 MONItOrNG INTrOAUCTION. ....cciiiiiiiiiiiie e e e e e e e 281
6.2 Ongoing Baseline MONITOIING ......cccoiuuriiaiiiiiie e 281
6.3 Operational MONITOIING ........uuiiiiiiiiiiii e e e e e e e e e e e aaae 281
6.3.1 Water Quality and Quantity MONITONNG .....ccoeeiiiiiiiiiiiiieee i 281
6.3.2 Facility Operational MONITOING .......oiuviiiiiiiiie e 284

Tintina Montana, Inc. % December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

6.3.3 Waste Rock Geochemistry MONItOING ........vvveiirieeiiiiee i 286
6.3.4 Air Quality MONITOIING «..ceeeeieieeeeeee e, 286
6.3.5 Wetlands MONITOIING ......coii it e e e e e e e e e e e e e e annes 286
6.3.6 Aquatic RESOUICE MONITOIING ...eeiiieiiiiiiiiiei et e e e e e e e e e e e annes 287
6.3.7 NOISE MONITOTING . ..eetiteet ettt e et e e 287
6.3.8 Reclamation MONITOTING ... ..cviiiiiiiii i 287
6.4 Post Operational Closure MONITOMING ........oovveiiiiieree e e e e e e e e annes 288
6.4.1 Facility ClOSUIre MONITOING ...eeoiuiiiieeiiiiie ettt 288
6.4.2 Water Quality MONITOING .....eveiiiiiieeiiiie et 289
e I 2 (=T o Lo 4 11 oo [PPSR 289
7.0 RECLAMATION AND CLOSURE ... .ot 290
A I oo (U1t i o] o RO PRSP PUPPPP PP 290
7.2 Detailed Plan for Permanent Reclamation and CloSUre..........cccoccvviiiieieeeeenniiiee 293
7.2.1 Post Mining General Construction MEasUIES............cccceveveieiiieiiieeeeeeeeeeeeeeeeee, 293
7.2.2 Post Mining Building and Solid Waste DiSpoSal..........ccccooiiiiiiiiieeiiiiiiiiieeeee e 293
7.2.3 Site-Specific FACIlity CIOSUIE .......iiiiiiiiieiiiei e 295
7.2.4 Soil Salvage, Handling and RedistribUution ... 300
A3 R (CY T o =1 1T o PRSP RR 302
7.3 Reclamation SChedUIE ..........oooiiiiiiii s 304
T4 BONA REICASE. ... 305
B.0 REFERENGCES ... .ottt e e e ettt e e e e e e et e e e e e e e e e e e e rb s 306

Table 1-1.
Table 2-1.
Table 2-2.
Table 2-3.
Table 2-4.
Table 2-5.
Table 2-6.
Table 2-7.
Table 2-8.
Table 2-9.

Table 2-10.
Table 2-11.
Table 2-13.
Table 2-14.
Table 2-15.
Table 2-16.
Table 2-17.

LIST OF TABLES

Measured and Indicated Copper Resources of the Johnny Lee Deposit..............cc.vveeee. 15
Reference Sections for Environmental/Baseline Studies.............ccccccciiiiie, 20
Tintina Weather Station Precipitation and Temperature Monthly Data..............ccccccue..... 23
Tintina Station Potential Evapotranspiration (iN.) ..o 23
Regional Meteorological Station SUMMANY...........cciiiiiiiiiiiiiin e e 23
Long-Term Project Precipitation and Pond Evaporation Data.............ccccoeeeeevvveeviininnnennn. 24
Wet and Dry Return Period Project Precipitation .............ccuieiiii i 25
Water Sampling Summary for Baseline Monitoring SiteS........c..coevvvvviiiiiiiiieieeccciceeee e, 29
Parameter, Methods, and Detection Limits for Baseline Water Monitoring..................... 35
Summary of Stream Flow Monitoring Data ...........ccuciiiiiiiiiiiiic e, 37
VAT LT R @ToTaq] o] =] i o] o TN I | - RS 42
Summary of SPring FIOW Datal ...........uuuuuiiiiiiiiiiiiiiiiiiiiiiii 45
Summary of AQUIfEr TESE RESUILS.........uuuiiiiiiiiiiiiiiiiiii e 48
August 2012 Synoptic SUNVEY ReSUIS ... 50
October 2012 SynoptiC FIOW RESUILS .........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiie e 52
Wetland acreage and Percent by Cowardin TYpe..........cccoiiiiiiieeeeee, 55
Wetland Acreage by Cowardin Type and Watershed ................cccccciiieiieeeeee, 58

Tintina Montana, Inc. Vi December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

Table 2-18.  Summary of Stream Length (feet) by Cowardin Type and Project Watershed ............... 59
Table 2-19. MWAM Wetland Rating by ASSESSMENt Ar€a ..........uuvuuiiiiiiiiiiiiiiiiiiiiiiiiiienen—————- 61
Table 2-20.  Black Butte Copper Project Waste Rock Tonnage and Environmental Geochemical
Analyses by LIthOtype ... 64
Table 2-21.  Black Butte Copper Project Tailings Treatments and Related Testing ...........cccccvvvvvnnne. 64
Table 2-22.  Static ABA and NAG pH Test Results for Raw and Paste tailings..........ccccccceeeiiiiiinnnee. 72
Table 2-23.  Tailings Characteristics, Kinetic Test Methods and Facility Scenarios ................ccc.uuvee. 72
Table 2-24.  Summary of Map Units in Black Butte Copper Study Area ........ccccccouviivvivieieeeeeeninsiiinne 78
Table 2-25. Summary of Recommended Salvage Depths ... 81
Table 2-26.  Summary of Saturated Paste Extractable Metal ANalySiS .........ccccccoviiiiiiiniiiieeinniiiiiee, 82
Table 2-27.  Vegetation Types Identified in the Black Butte Project Baseline Study Area.................. 92
Table 2-28.  Cultural Resources in the Black Butte Copper Project Area ..........cccoevcvvvieeeeeeeeeseisiinne 96
Table 2-29. Meagher County, Montana, and US Population and Trend .............cccccccvvveviinniinninnnnnnnn. 98
Table 2-30.  Population of Towns and Distance from ProjeCt Site ..........cccuuvvveiiieiiiiiiiiiiiieeee e 98
Table 2-31.  Age Groups in Meagher County, Montana, and US Population..............cccccccvivnninnnnnnn. 99
Table 2-32.  Meagher County Employment by Industry, 2001-2011 .........ccccvvviiieeiiiiiiiiiiieeee e 99
Table 2-33.  June 2015 Labor Force Non-Seasonally Adjusted Preliminary ............cccccoovveeeinniiinnnne. 99
Table 2-34.  Per Capita and HOuSehold INCOME .........ooiiiiiiiiiiiiie e 100
Table 2-36.  Average Annual Daily Traffic (AADT) Counts in the Vicinity of the Project................... 107
Table 3-1. Reference Sections for Operating Plan ... 109
Table 3-2. Acres of Surface Disturbance Consolidated by Major Facility...........ccccevvveeeiiniiiiiinnnn. 110
Table 3-5. Under Ground EQUIPMENT FIEET ..........uuiiiiiiiiiiiii e 118
Table 3-6. Surface Equipment in Support of Underground MiniNg.........cccvvveeeieeiniiiiiiiiiieeeee e 119
Table 3-7. Total Number of Tintina EMPIOYEES .......cooiiiiiiiiiieeeee e 120
Table 3-8. Summary of Proposed ProducCtion TONNAJE .........cooiuuriiiiiieeeeeiiiiiiiiie e 122
Table 3-9. Metallurgical Balance for Lower Zone Copper Concentrate Production ...................... 124
Table 3-10.  Estimated Milling Reagent CONSUMPLION .............uuuiiiuuieeiiieiiiieiieneieeeeeenneeneeenneeennennnennnes 131
Table 3-11. Complete List of Surface DiSturbance ACIES.........ccoviviiiiiiiiiiiii e 135
Table 3-12.  Project Cut and Fill QUANTITIES.........ccuuuiiiii i 140
Table 3-13. FEMA Dam Hazzard Potential ClasSifiCation ................euuuuiiiiiiiiiiiiiiiieiiieeiieeiieeeeeeeneennee. 143
Table 3-14. Dam Hazzard Classification Design Crteria .........cccooeevririiiiieiie e e 144
Table 3-15.  SOil Strength Parameters .......ccooc i e e e e e e e e e e e e e 146
Table 3-16.  ROCK Strength ParametersS ..o e e e e 146
Table 3-16.  Results of CTF Stability ANAIYSIS .......uuuiiiiiiiiieiie e 148
Table 3-17.  Results of PWP Stability ANAIYSIS .........cuvviiiiiiiiiiiiiiiiiiiiiiiiiesiiesiiererreeerererenrren—.. 150
Table 3-18.  Results of NCWR Stability ANAIYSIS .........oeviviiiiiiiiiiiiiiiiiiiiiriiiisiieneirereerre... 152
Table 3-19.  Surface Facility Construction EQUIPMENT LiSt...........cuviiiiiiiiiiiiiiiiiiieiiiiriieniirenerenneeinnn. 197
Table 3-20.  Facility ConStruCtion MaNPOWEN ............eevverrrrerreerreerernerrrerrrrrrerrrrrr————————————————. 199
Table 3-21.  Water BalanCe INPULS ..........vueiiiiiiiiiiiiiiiiiiieeeiiasiee e rrerer s earesasrsansesssaannsnnnsnnnnnnns 201
Table 3-22.  Water Transferred from the PWP to the WTP for the Three Climatic Scenarios .......... 203
Table 3-25.  Operational Phase Parameters of CONCEIN .............vvvivveiiiriiiiiiieiiiriiieseinenreeenr.. 217
Table 3-26.  Total Discharge t0 SUIace LAD. ............ouvviiiiiiiiiieiieiiieeiieeieerreessienrrrerrrrrerererennrrana—.. 220
Table 3-27.  StOrm EVENT SUMIMATY ......cooviiiiiiiieiiiiiiiieeieesiiasssesreeseaeerererer e aarraareranasanssannanans 223
Table 3-28.  Towns and their Populations within 111 Miles of White Sulphur Springs.......c.ccc.......... 235
Table 3-29.  Temporary Construction Housing Availability.............ccccciiiiiiiiiiiiiieeee e 235
Table 3-30.  Construction and Operational Project Traffic EStimates...........cccccovvviiiiiiiieinieeeniiinee 236
Tintina Montana, Inc. Vii December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

Table 3-31.
Table 3-32.
Table 4-1.
Table 4-2.
Table 4-3.
Table 4-4.
Table 4-5.
Table 4-6.
Table 6-1.

Estimated wetland disturbance acreage by Project facility ...............ccccoool 237
Estimated Linear Feet of Stream Disturbance by Project facility .................................. 238
Hydraulic Properties of Hydro-Stratigraphic Units................ccccci, 257
Darcy’s Law Groundwater Flow EStimates............cccccoooeiiiii 262
Comparison of Infiltration Recharge Baseflow Estimates to Observed Baseflow ......... 264
Baseflow Estimates for Selected Sheep Creek Watershed Areas..........cccccceeevviinnnnee. 265
September 2015 Flow Measurements with Seasonally Adjusted Baseflow Estimates . 266
Simulated Average Annual Inflow to Mine WOrKiNgS.........coovviiiiiiiiiiiieiiiiiiieieeee e 268
Additional Operational Facility MONItOriNg Sit€S .........cccoiiiiiiiiiiiiiiiee e 282

LIST OF FIGURES

Figure 1.1. [ (o] =Tod ol WoTox: 11 (o] o PO TP P PP PPPPPPPR PP 5
Figure 1.2. Site Vicinity Map with Mine Permit BOUNArY ..............ovviiiiiiiiiiiiiieeceee e 6
Figure 1.3. Site Facility and ACCeSS ROAAS MaAP ........uuriiiiiieiiiiiiiie e 7
Figure 1.4.  Tintina Land POSITION IMBP .......eutiiiiiiiiiiiiiiii et e e e e e e e e 9
Figure 1.5. Regional Geologic Map Showing Copper-Rich DEepPOSItS.......cccvvveviviiiii e 11
Figure 1.6. SEratigraphiC SECHON ... e e e e e e e e 12
Figure 1.7. Stratigraphic Cross Section with Ore Deposits and Ramp ACCESS ........ccevvvvieiiieeeerennnns 13
Figure 2.1. Regional MeteorologiCal StatioNS...........ccevvuiiiiiiiie e e e e eeeeeeens 22
Figure 2.2. Water Resource MONITOIING SItES.......uuuiiiii i eee et e e e e e e e e e e e e e 27
Figure 2.3. Baseline Seep and SPriNgS SItES ....u.iiiiiiiiiieiiii e e e e e e e e e e e e e eeeane 28
Figure 2.4. Plan Map of Sheep Creek, Smith River and Missouri River in the Project Area.............. 33
Figure 2.5. Plan Map of Major Streams and Tributaries in the Project Area ........ccccooeevvvveviiennneeenen. 34
Figure 2.6. Generalized Cross section with Well LOCations ..........cccooovveiiiiiiiiiiiiicc e, 40
Figure 2.7. Pieziometric SUMACE MaP ......ccooveiiiiiii e e e e e e e e e e e e e e eeanne 41
Figure 2.8. 2012 SYNOPLC SUIVEY SILES ...oeveiiiiiiiieirieeeieesressseestaeereerrresarrrrrrrrrrrrr . aa——aa—————————. 51
Figure 2.9.  Wetlands Delineation and Functional Assessment Map ............ccccceeeeeeeeieiiiee e, 57
Figure 2.10. Comparison of NAG pH and NP:AP Data for Major Waste Rock Lithotypes .................. 65
Figure 2.11. Comparison of NP vs. AP Data for Major Waste Rock Lithotypes............ccccoeeeeeee. 66
Figure 2.12. Comparison of Select Parameters from Waste Rock Kinetic Humidity Cells. ................. 69
Figure 2.13. Kinetic Test Results for Tailings with pH, Alkalinity, Acidity, and Sulfate. ...................... 73
Figure 2.14. Kinetic Test Results for Tailings with Select Metals.........ccoooovviiviiiii, 74
Figure 2.15. Baseling SOil SUNVEY MaAP .......uuuuiiiiiiiiiiiii e ae s e e s e a e e e e 77
Figure 2.16.  Wildlife Habitat Map ..........uuuemeieiii s s e e a e e e e e aa e e e a e 83
Figure 2.17. Sheep Creek Aquatic SAmpling SILES ......uiiiiiiieieee e 87
Figure 2.18. Tenderfoot Creek Aquatic SAmMPliNG SILES ......cooiiiiiiiiiiiiie e 88
Figure 2.19. Vegetation Habital IMBP .........uueiiiiiiiiiiiiiiii et e et e e e e e e 91
Figure 2.20. Cultural Resources in the Black Butte ProjeCt Ar€a ..........coovvvuvviiiiiiieeeiiiiiiiiiiieeee e 95
Figure 2.21. Baseline Ambient Noise Measurement LOCAtIONS .........ccooeiriiiiiiiiiiiieeeee i e e 101
Figure 2.23.  Project Area RO DEtall..........cooiiiiiiiiiiiiiiiiice e 105
Figure 2.24. MDT Transportation COUNt STAtIONS .........cuiiiiiiiiiiiiiiiiiie e 106
Figure 3.1. Plan Map of Underground Development Workings and Mining StOpes .............ccc.uvee... 111
Figure 3.2.  Cross-Section of Underground Development Workings and Mining Stopes................. 112
Figure 3.3.  Typical Drift and Fill Mining Method SEQUENCE ............ccoiiiiiiiiiiiiiiiiee e 115
Tintina Montana, Inc. viii December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

Figure 3.4. Photograph of Copper Concentrate Bench Scale Flotation Cell ................................... 123
Figure 3.7. Detailed Process FIOW Sheet ..., 128
Figure 3.8a. Tailings with 79.5% Solids and NO BINAET............uuuuuuiiiiiiiiciiccce e 130
Figure 3.8b. Actual Tailings with 79.5% Solids and 2% BiNAEr...............uuuuiieuiimmiiiiiiiaes 131
Figure 3.9. 2015 Geotechnical Site Investigation Drill Hole and Test Locations.................evvvveeennn. 142
Figure 3.10. CTF Stability AnalysSiS CroSS-SECHON.........uuuiiiiiiiiiiiiiiiiiie e 147
Figure 3.11. PWP Stability ANalySiS CroSS-SECHON.........cutiiiiiiiiiiiiiiiiie e 149
Figure 3.12. NCWR Stability ANalySiS CroSS-SECHON........ccciiiiiiiiiiiiiiie et 151
Figure 3.13a. Access and CTF Road Construction CroSS-SECHON..........ccoviivviiiiiiieeeieiiiiiiiiieeeee e e 155
Figure 3-13b. Stream Crossing CUIVEIT PIAN .........oooiiiiiiiiiie e 157
Figure 3.14. Plan Map of Portal Pad Showing Contractor Support FacCilitieS .............cccccvveeeeeeeniinnne 160
Figure 3.15. Portal Pad Plan and CroSS-SECHONS ..........cuiiiiiiiiiiiiiiiiiiie et e e 161
Figure 3.16. Cross-Section of Waste Rock Storage Facility............ccccceeeviiiiiiiiiiiiiiiiiecceeee e 166
Figure 3.17. PWP Schematic Cross-Section and Geomembrane Details. ............cccoovivviiiieeeeeininnnne 167
Figure 3.18. PWP HDPE Liner and Seepage Collection Layout Plan ............cccccceeviiiiiiiiiiieeneennnnns 170
Figure 3.19. PWP Basin Foundation Drain System Plan ...........cceeeiiiiiiiiiiiiiiieecceee e 171
Figure 3.20. Process Water Pond Grading Plan ............cooiiiiiiiiiiiiiceeiee e 173
Figure 3.21. Process Water Pond Embankment and SECHiONS ...........ccoooiiiviiiiiiiieiiiiiiiiieeeeeee e 174
Figure 3.22.  CWP Plan @nd SECHONS ........uuuiiiiiiiiiiiiiiee ettt e e et e e e e e 176
Figure 3.23.  CTF SChematiC Plan VIBW.........ccoiiiiiiiiiiiiiiiee ettt e e 179
Figure 3.24. Schematic CTF Sections with Reclaim and Lining SyStems ...........cccccccoviiiiiiiineeeeennnne 180
Figure 3.25.  CTF Grading PIAN ........ooiiiiiiiiieieee ettt e et e e e e 181
Figure 3.26. CTF Foundation Drain SYSIEM ........oiiiiiiiiiiiiee ettt e e e e s 183
Figure 3.27. CTF Sections and DELalS. .........couiiiiiiiiiiiiiiiiee et e e 185
Figure 3.28. CTF Filling Schedule and Embankment Construction Stages ...........ccccoecvvviieeeeeennnnnne 186
Figure 3.29. CTF Basin Drain @and SUIMP ......... e ea e e e s e e e aaeeaaeeaeeens 189
Figure 3.30. NCWR Plan Map with Diversion Channel ......... ... 192
Figure 3.31.  NCWR CrOSS-SECLONS ... ..uuuuueiiiii e a e e e s e e s e e e s e e e e e e e e e e e e e e e e e e aaaaaaaaaaaeaaaaaaaaens 193
Figure 3.32. NCWR Spillway Channel Plan Map and SeCtion ...........c.ccvieiiiiiiiiieiiiiiiin e 194
Figure 3.33.  PIpeling Plan Map .......ooouiiiiiii it e e e e e e e e e e e e ee e 196
Figure 3.34. Annual Water Balance Schematic for Mean Case - Year 6 ........ccccccceeeveeeeevveviiiiiineeenn, 204
Figure 3.35. Water Treatment Construction Phase Process Flow Diagram...........ccccooeevviviiiiiinnnnennn. 205
Figure 3.36. Water Treatment Operational Phase Process Flow Diagram ..........ccccoooveevvieiiiiinnneenn. 215
Figure 3.37. Water Treatment Closure Phase Process FIow Diagram...........ccccccveeeeiiieeveieiiiinneeeeenn, 216
Figure 3.38. Schematic of Surface LAD Ar€a...........ccoeeeiiiiiii e 218
Figure 3.39. Site Drainage Control ..o 225
Figure 3.40. Typical Cross-Sections of Diversion Channels for PWP and CTF.................oo oo, 227
Figure 3.42. Typical BMPS (Sheet 1) ... 232
Figure 3.43. Typical BMPS (Sheet 2) ..o 233
Figure 3.44. Viewpoint US Highway 89 ... 241
Figure 3.45. Viewpoint Sheep Creek ROAd ........ccooeeiiiiiiiiiiii i 242
Figure 3.46. Viewpoint Butte Creek ROAd ........ccooiieiiiiiiiie e, 243
Figure 3.47. Oblique Aerial Simulation Looking NOrthwest ..........cccooeeiiieiiii e, 244
Figure 4.1. (Of0]aTet =T o (U E= U1V To o (=] I =T 253
Figure 4.2. RegioNal GEOIOGIC MAP .....uuiiiiiiiieii ittt e e e e e e 254
Figure 4.3. SCREMALIC CrOSS-SECHION ...t e e e e s e e aens 255
Tintina Montana, Inc. iX December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

Figure 4.4.
Figure 4.5.
Figure 4.6.
Figure 4.7.
Figure 4.8.
Figure 4.9.
Figure 5.1.

Figure 6.1.
Figure 7.1.
Figure 7.2.
Figure 7.3.

APPENDIX A:
APPENDIX B:
APPENDIX C:
APPENDIX D:
APPENDIX E:
APPENDIX F:
APPENDIX G:
APPENDIX H:

APPENDIX I
APPENDIX J:

APPENDIX K:

APPENDIX L:

APPENDIX M:
APPENDIX N:
APPENDIX O:
APPENDIX P:
APPENDIX Q:
APPENDIX R:

acre

adit

amorphous

Hydro-Stratigraphic UNitS ... 256
Regional Potentiometric Map ..., 260
Project Scale Potentiometric Map ..., 261
BIOCK FIOW Diagram .........ccooiiiiii i 263
Simulated DraWdOWN — YEAI ~4.....cccooiiiiiiiiiiiiie ettt e s e e 269
WALET LEVEI RECOVETY ...ttt e e e e e e e e e e e 271

Overfilling of Facility and Discharge Resulting from Inadequate Water Storage Capacity

or Lack of Pump-back Capability...........cccuuiiiiiiiiiiiieceee e 280
Baseline and Proposed Water Quality Monitoring SItesS..........ccuuvviviieeiiiiiiiiiiiiieeee e 283
Site Plan Map of Post Closure TOPOgraphny ........cccuvviiiiiiieeiiiiiiiiieeee e 292
Site Plan Map with Final RECIaMALION .........ccoiiiiiiiiiiiiiiiee e 294
CTF Reclamation and Closure CroSS-SECHON ...........ueiiiiieiiiiiiiiiiiiiiee e e ssiiireieee e e 299

LIST OF APPENDICES

Climate and Meteorology

Baseline Water Resources Monitoring and Hydrogeological Investigations Report
Wetland Resources

Baseline Environmental Geochemistry Evaluation

Baseline Soils Report

Terrestrial Wildlife Resources Evaluation

Baseline Aquatic Survey and Assessment of Streams

Baseline Vegetation Inventory

Cultural Resource Inventory

Baseline Noise Survey

Waste and Water Management Design

Water Balance — Surface Water Transfer to Water Treatment Plant
Hydrologic Modeling

Geochemical Modeling (pending)

Weed Mitigation and Management Plan (in revision)

Emergency Response Plan (in revision)

Alternatives Analysis for Siting of Major Facilities (pending)

Failure Modes Effects Analysis

GLOSSARY OF TERMS
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a horizontal entrance to an underground mine

a mineral having no crystalline structure
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anoxic

aquifer

barite

carbonate mineral
chalcopyrite

conglomerate

Cretaceous
cut-off grade

Darcy’s Law

debris flow

decline

drift

ephemeral drainage

exploration license

fault

formation

foot wall

gossan

hanging wall

hectare

Herth and Arndts

hydrothermal vent

absence or reduced supply of oxygen

a body of saturated rock through which water can easily move
BaS04, generally colorless barium sulfate mineral

containing the carbonate ion (CO32-)

(CuFeS2) a copper sulfide mineral

coarse grained sedimentary rock composed of rounded fragments within
a matrix of finer grained material

a period in geologic time occurring between 145 and 65 million years ago
level of mineral in an ore below which is not economically feasible to mine.

an empirically derived equation that describes the flow of water through a
porous medium

rapid movement of soil and weathered debris above a bedrock surface

a downward-sloping underground tunnel for access to ore-bearing mine
workings

horizontal or gently dipping underground mine tunnel that is cut parallel to
or in the mineralized zone

a gulch or coulee that contains flowing water only part of the year or only
during “wet” years; sometimes referred to as an intermittent drainage

a license issued by the State of Montana Department of Environmental
Quiality that authorizes the licensee to explore for minerals

a planar fracture or discontinuity in a volume of rock across which there
has been significant displacement along the fractures as a result of earth
movement.

a grouping of rock strata that have comparable lithology, facies or other
properties and can be correlated across wide distances between outcrops
and exposures of rock strata

the body of rock lying below a fault plane

sulfide mineral deposit, formed as the remaining remnant of intense surface
oxidation of sulfides and the leaching of sulfur and metals

the body of rock lying above a fault plane

a unit of surface, or land, measure equal 10,000 square meters: equivalent
to 2.471 acres

an empirically derived equation that describes groundwater linear steady
state flow

a fissure in the planet's surface from which geothermally heated water
issues, common near volcanically or tectonically active places
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hydraulic conductivity

Hydrophytic
ICP-MS

Indicated resource

Igneous

igneous intrusion

laminations

Laramide Orogeny

LECOS

lithic scatters
lithology or lithologies
massive

measured resource

middle Proterozoic
mil

mineralization
mining claim
normal fault
NP:AP ratio

ore

oxidation

oxide

a property of soil or rock that describes the ease with which water can move
thorough pore spaces or fractures

plant-life that thrives in wet conditions; used as an indicator of wetlands

a type of analytical technique which is capable of detecting metals and
some non-metals at concentrations as low as one part per trillion

economic mineral occurrences where an estimate of contained metal,
grade tonnage, shape or other physical characteristics have been made
based on sampling from outcrops, trenches, pits or drill holes

rocks that have cooled and crystallized from magma (previously molten
rock)

rocks that were previously melted, then squeezed into and between
(intruded) older rocks before crystallizing

fine layers or laminae that occur in sedimentary rocks

a period of mountain building events in western North America responsible
for the creation of the Rock Mountains beginning approximately 70-80
million years ago and ending 35 to 55 million years ago

a brand of carbon/sulfur combustion furnace equipped with infrared
detection used for measurement of sulfur concentration in rock, soil, and
organic materials over a wide concentration range

archaeological sites that consist solely of flaked stone artifacts
rock type or types
thick units of homogeneous (alike; consistent) material

indicated resources that have gone through further sampling such that a
competent person, usually a geologist, has declared the resource to be an
acceptable estimate of the grade, tonnage, shape, densities and physical
characteristics at high degrees of confidence

geological era from 1600 to 1000 million years ago

one/thousandth of an inch

the formation of ore bodies or lodes of important economic minerals

a parcel of land that the claimant has asserted a right of possession

a fault where the hanging wall has moved downward relative to the footwall

balance between the acid consumption potential and the acid production
potential of a rock

naturally occurring rock that contains minerals that can be extracted at a
profit

alteration of a rock by the addition or in the presence of oxygen

mineral group that contains oxygen
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paralithic

potentiometric surface

pyrite
guartzite

sedimentary rock

Specific Conductance

subsidence
sulfide
TCLP

thrust fault

transmissivity

raise
silicification
shale

stratigraphy

stratigraphically

subaqueous
TCLP

TDS
TKN

ton
tonne
turbidite
turbidity

unconformity

weathered bedrock

a map that contours the distribution of groundwater elevations data and
indicates the direction of groundwater flow

(FeS2): an iron sulfide mineral

is a hard, non-foliated metamorphic rock which was originally pure quartz
sandstone

rocks formed from fragments of other rock (sediment) that are weathered,
transported, deposited, and lithified

an electrical measure of the amount of dissolved substances in water
settling or collapse of the ground surface
mineral group that contains reduced sulfur

a soil sample extraction method for chemical analysis to simulate leaching
through a material for hazardous contaminants

a low angle reverse fault dipping 45 ° or less

a measure of how much water can be transmitted through an aquifer which
is dependent on aquifer thickness and hydraulic conductivity

vertical mine workings usually constructed from the bottom up
alteration process of petrification where rocks become saturated with silica
laminated sediment comprised principally of clay sized patrticles

the branch of geology focused on the study of rock layers and manner of
layering

concerned with the distribution and spatial association of rock layers and
layering

occurring, appearing, deposited or formed underwater

is a soil sample extraction method for chemical analysis employed as an
analytical method to simulate leaching

a measure of the amount of dissolved substances in water

Total Kjeldahl Nitrogen; an analytical test that measures all forms of
reduced nitrogen in waste water. Method cannot measure nitrate or nitrite
nitrogen.

a unit of measure defined to be 2,000 pounds

metric unit defined as being a metric ton equal to a mass of 1000 kg

a turbidity or soft sediment density flow deposit

a measure of water clarity or how much material is suspended in the water

The contact between sedimentary rocks that are significantly different in
age, or between sedimentary rocks and older, eroded igneous or
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metamorphic rocks. Unconformities represent gaps in the geologic record;
periods of time that are not represented by any rocks.

vent biota specialized microorganisms adapted to thrive on and around deep sea
volcanic vents

ACRONYMS
AA Assessment Area
AADT Annual Average Daily Traffic
ANFO Ammonium Nitrate/Fuel Oil
ARM Administrative Rules of Montana
ASTM American Society for Testing and Materials
ATR Automatic Traffic Recorder
BHP Broken Hill Proprietary Limited
BMP Best Management Practices
CAl Cominco American Inc.
CTF Cemented Tailings Facility
DEQ Department of Environmental Quality
DNRC Department of Natural Resources and Conservation
EA Environmental Assessment
FAA Federal Aviation Administration
FEMA Federal Emergency Management Administration
FMEA Failure Modes Effects Analysis
FWP Fish, Wildlife and Parks
G&A General & Administrative
GWIC Groundwater Information Center
HDPE High Density Polyethylene
ICOLD International Commission On Large Dams
ICP-MS Inductively Coupled Plasma-Mass Spectrometry
LAD Land Application Disposal System.
LCZ Lower Copper Zone
LSz Lower Sulfide Zone
MBMG Montana Bureau of Mines and Geology
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MCE
MDT
MEPA
MPDES
MRL
MSDS
MSHA
PEA
PWP
NAG
NCWR
NRCS
NRHP
PAG
PMF
PMP
RO
SAG
SAP
SC
SHPO
SPCC
SWPPP
TCLP
TDS
TOMS
TKN
ucz
USACE
USGS
usz
WTP

Maximum Credible Earthquake

Montana Department of Transportation
Montana Environmental Policy Act
Montana Pollution Discharge Elimination System
Montana Rail Link

Material Safety Data Sheet

Mine Safety and Health Administration
Preliminary Economic Assessment
Process Water Pond
Non-Acid-Generating

Non-Contact Water Reservoir

Natural Resource Conservation Service
National Register of Historic Places
Potentially Acid-Generating

Probable Maximum Flood

Probably Maximum Precipitation event
Reverse Osmosis

Semi-Autogeneous Grinding

Sampling and Analysis Plan

Specific Conductance

State Historic Preservation Office

Spill Prevention Control and Countermeasures Plan
Storm Water Pollution Prevention Plan
Toxicity characteristic leaching procedure
Total Dissolved Solids; water

Tailings Operations, Monitoring, and Surveillance
Total Kjeldahl Nitrogen.

Upper Copper Zone

U.S. Army Corps of Engineers

U.S. Geological Survey

Upper Sulfide Zone

Water Treatment Plant
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ABBREVIATIONS
Ag Silver
Al Aluminum
As Arsenic
Ba Barium
Be Beryllium
Ca Calcium
Cd Cadmium
cfs cubic feet per second (rate of flow)
Cr Chromium
cm3 cubic centimeters
Co Cobalt
Cu Copper
cu ft. cubic feet
cu yds. cubic yards
DO Dissolved oxygen
Fe Iron
g grams
gpm gallons per minute (rate of flow)
ha hectares
Hg Mercury
K Potassium
Lpm liters per minute
m3 cubic meters
Ma Millions of years before present (as a point in time)
Mg Magnesium
mg/L milligram per liter; approximately equal to parts per million (ppm).
Mn Manganese
Mo Molybdenum
N Nitrate
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Na Sodium

Ni Nickel

ppb parts per billion; approximately equal to micrograms per liter (ug/L)
ppm parts per million; equal to milligrams per liter (mg/L)

Pb Lead

Se Selenium

Sr Strontium

TDS Total Dissolved Solids

TSS Total Suspended Solids

Tl Thallium

Sb Antimony

Sc Specific Conductivity

SO4 Sulfate

U Uranium

Mg/l micrograms per liter; approximately equal to parts per billion (ppb)
Zn Zinc
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This Mine Operating Permit Application has been reviewed and approved by Jerry Zieg, Vice President
of Exploration for Tintina Resources Inc., who is a qualified person for the purposes of National Instrument
43-101 Standards of Disclosure for Mineral Projects (NI 43-101). However, readers are cautioned that
this document was prepared for submission to the Montana Department of Environmental Quality
Permitting and Compliance Division — Hard Rock Program for review and approval under the Montana
Metal Mine Reclamation Act. It is not a “technical report” under NI 43-101 and may not be compliant with
NI 43-101.

1.0 INTRODUCTION AND PROJECT OVERVIEW

Tintina Montana Inc., (Tintina) a wholly owned subsidiary of Tintina Resources Inc. proposes to develop
and operate an underground mine and mill at its Black Butte Copper Project (Project) location (Figure
1.1). The Project will produce and ship copper concentrate mined from both the upper and lower Johnny
Lee deposit zones. All operations will occur within a Mine Permit boundary encompassing 1,690 acres
(684 ha) of privately owned ranch land under lease to Tintina (Figure 1.2). Total surface disturbance
required for construction and operation of all mine related facilities and access roads (Figure 1.3)
comprises 285 acres (115 ha) (Table 3-2).

The proposed operation will mine a total of approximately 15.3 million tons (13.9 million tonnes (Mt)) of
rock. This includes 14.5 million tons (13.2 Mt) of copper-enriched rock with an average grade of 3.1%
copper, and 0.8 million tons (0.7 Mt) of waste. Mining will occur at a rate of approximately 1.3 million
tons/year (1.2 Mt/year) or 3,600 tons (3,300 tonnes) of copper-enriched rock per day, over a mine life of
approximately 19 years (including construction and reclamation). The mine will directly employ
approximately 240 workers, with an additional 24 contract miners working at the site during the first four
years of mining. It will require a maximum of approximately 144 sub-contracted employees during the
initial 30 to 36 months of the support facility construction.

All rock will be brought to surface through a single mine portal along a decline (tunnel) with additional
lower ramp access to both the upper and lower Johnny Lee zones (Figure 1.3). The mine portal lies
approximately 170 feet (52 m) above the regional groundwater table. Four ventilation raises constructed
to surface will also be collared above the regional groundwater table. Therefore, all surface access to the
mine will be located well above the groundwater table to eliminate the possibility of water discharge from
any of the mine workings after closure.

Mining will use a drift and fill method. Approximately 45% of the mill tailings will be mixed with cement to
form a paste, and used to backfill all production workings during the mining of sequential drifts. This paste
backfill method allows maximum extraction of copper-enriched rock without the need to leave pillars for
structural support. The backfill also eliminates the risk of subsidence to surface, and minimizes
groundwater contact with mineralized rock both during operations and after closure. The use of paste
backfilling and the drift and fill mining method minimizes the underground mineral deposit exposed (a few
percent) to circulating air and moving groundwater at any given time during the mine life.

Although much of the waste rock that will be trucked to surface will be non-acid generating, as a
safeguard, all waste rock will be assumed to contain sulfide minerals and will be treated as potentially
acid-generating. A geotextile lined, temporary waste rock storage (WRS) facility will be constructed
between the portal and the mill. It will receive all of the waste rock generated until construction of the
cemented tailings facility (CTF) is completed (Figure 1.3). The completed cemented tailings facility will
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receive crushed waste rock for use as a protective cushion layer over the uppermost of the double high-
density polyethylene (HDPE) liners. All future waste rock will be placed into the cemented tailings facility
along with the mill tailings. The temporary waste rock storage facility will be completely reclaimed in year
three. No waste rock will be left on the surface after closure. The cemented tailings facility will be
dewatered (if any is present) sealed with a cover of HDPE, and reclaimed in closure. A separate stockpile
on a smaller lined pad will be constructed off of the northwest corner of the portal pad (Figure 1.3) near
the end of the construction period to contain a reserve of copper-enriched rock for mill feed.

Dewatering of underground mine workings will provide all water required for mining and milling
(approximately 210 gallons per minute [gpm] [or 795 Lpm] 0.47 cubic feet per second). Excess water
pumped from the mine will be treated to non-degradation standards and be released through an
underground infiltration gallery to shallow bedrock. A permitted public water supply well will provide
potable water.

Tintina must obtain a water right for groundwater beneficially used in the milling process, and Tintina
must apply for a groundwater appropriation permit before using any groundwater. Since the Project is
located in a closed basin, a mitigation plan to offset potential adverse effects on or decrease in surface
water due to the consumptive use portion of the groundwater right will be prepared and submitted by the
Department of Natural Resources and Conservation (DNRC). Tintina is in the process of developing a
groundwater appropriation permit and corresponding draft mitigation plan. Tintina has designed an
unlined Non-Contact Water Reservoir (NCWR) (Figure 1.3) as an option for storing mitigation water for
its subsequent release back to the local shallow groundwater by infiltration or direct discharge to the
stream. This reservoir could be filled using water rights during the irrigation period of the year, to off-set
consumptive use during the non-irrigation months of the year. However, it is not known how much
depletion the DNRC will determine needs to be mitigated and whether the final mitigation plan (and
therefore the final construction plan) will include the NCWR.

Milling (Figure 1.3) will use a grinding/flotation process and will produce approximately 440 tons (400
tonnes) per day of copper-rich concentrate. Concentrate will be shipped by truck in closed shipping
containers to a regional railhead facility in Montana. The use of shipping containers eliminates the need
for multiple handling stages during transport.

A double HDPE lined process water pond (PWP) with an underlying foundation drain and pond will store
water needed for milling. Water will be recycled between the process water pond and the mill during
operations. A paste plant in the mill complex will mix fine-grained tailings from the milling process with
cement for deposition both underground and in the cemented tailings facility. The plant will mix
approximately 45% of the tailings with approximately 4% cement and other binders to be used as paste
backfill in the mine workings.

The other 55% of the tailings will be mixed with 0.5 to 2% cement and other binders to form a non-
flowable mass which will be pumped to the cemented tailings facility. The use of cemented tailings inhibits
dust formation. The small amount of free water that collects in the CTF from cemented tailings seepage,
precipitation and snowmelt is pumped to the PWP for reuse in the mill. Water not needed in the mill will
be pumped directly to the reverse osmosis water treatment facility for treatment and then released to the
underground infiltration galleries.

Both the CTF and the PWP will use bottom liner systems comprised of a high-flow geonet-layer
sandwiched between two layers of 200 mil HDPE geomembrane liner. Both facilities will also incorporate
foundation drains beneath the liners. The cemented tailings facility will also have an internal basin
underdrain system.
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The cemented tailings facility and the process water pond are designed to contain the Maximum Probable
Flood event (approximately 33 inches [84 cm] of precipitation and snowmelt in a single storm event) and
to withstand the Maximum Credible Earthquake and/or thel in 10,000 year earthquake event. In addition
to its own storm water influx, the PWP will have capacity to store excess storm water from the cemented
tailings facility while operationally remaining less than half full. The cemented tailings facility also has
approximately 32 additional feet (10 meters) of freeboard over its 70.2 acre footprint for water storage.
Storm water excesses from the PWP and the CTF are designed to quickly transfer through the water
treatment system and into the underground infiltration gallery. Construction of the CTF and PWP will be
overseen by three professional engineers in accordance with the Montana Metal Mine Reclamation Act,
as revised by Senate Bill 409.

Tintina has aggressively sought out and implemented a number of process variations and modifications
to facility siting and construction. These reduce risks to human health and the environment. They were
formulated using a Failure Modes and Effects Analysis, and resulted in the development of a number of
mitigation measures. Process variations employed include using cemented paste tailings (both
underground and at the cemented tailings facility), sealed shipping containers, underground grouting,
and lined ditches or HDPE pipe for transport of contact water. Facility siting modifications used include
locating mine openings above the water table, locating all facilities to reduce impacts to wetlands, and
relocation of the decline to minimize the amount of sulfides brought to surface. Facility construction
changes include foundation drains, double HDPE-lined foundations with a geonet layer between, an
internal basin drain at the cemented tailings facility, designs to accommodate very large precipitation and
earthquake events (and even more freeboard), and use of foundation factors of safety well in excess of
what is needed to avoid risk of a facility geotechnical failure. In addition, tailings will be transported in
double walled pipe, and Best Management Practices (BMPs) will be used to route storm water around
the facilities to discharge points and sediment collection basins.

Ongoing geochemical, weather, aquatic, and water resource monitoring will continue during construction
and production. Tintina proposes an additional 3 surface water sties, 6 paired water monitor wells, and 5
new wetland piezometers be installed during the permitting process. An additional 5 monitoring wells and
15 infiltration gallery piezometers are recommended for installation during construction. Air quality and
noise monitoring will resume once construction begins.

The closure and reclamation plan has been carefully designed to return the site to pre-mining beneficial
uses. The primary objective of these activities is to assure the physical and chemical stability of all
facilities, and that water quality and quantity is maintained. No waste rock will be left on surface in closure.
Mine closure and reclamation will remove, treat, and dispose of water from the tailings facility (if any is
present), and from the process water pond, and contact water pond (CWP). Water treated during closure
will meet non-degradation criteria, and discharge to an underground infiltration gallery system or surface
LAD area. Closure work will involve progressive reclamation and revegetation of the embankments and
any other disturbed surfaces. Closure and reclamation will focus on removal of surface infrastructure and
exposed liner systems, and covering exposed tailings. Reclamation plans include removal of all buildings
and their foundations and surface facilities including the portal pad, copper mineralized stockpile pad,
process water storage pond, CWP, mill site, and reservoir. Plans also include re-contouring, subsoil and
soil replacement, and re-vegetating all the sites with an approved seed mix. Reclamation will include
covering the CTF with a welded HDPE cover, adding fill, subsoil and topsoil (at a slope or shape designed
to preclude standing water), and re-grading and re-vegetation. Tintina plans to leave the water treatment
plant (WTP) on-site and pumps in the cemented tailings facility after closure for monitoring. Water
produced from the CTF in closure (if any) will go directly to the water treatment plant. This will continue
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into closure while water quality and flow are monitored, with gradually decreased monitoring until
sufficient data is available to evidence that final closure objectives have been met.

Tintina herein submits this Mine Operating Permit Application to the Montana Department of
Environmental Quality Permitting and Compliance Division — Hard Rock Program for review and approval
under the Montana Metal Mine Reclamation Act.

1.1 Project Location

The Project site is located about 15 miles (24 km) north of White Sulphur Springs (population 984), in
Meagher County, Montana (Figure 1.1). The project is accessed from US 89, an all-weather state-
maintained highway, by traveling west along 1.5 miles (2.4 km) of well-maintained gravel county road
(Figure 1.2). Figure 1.1 is a general project location map, and Figure 1.2 presents a larger scale Site
Vicinity Map showing the Mine Permit Area and deposits. Figure 1.3 is a site facility map.

1.2 Brief Project History

Mineral exploration in the Project area began with limited small scale underground development for
copper mineralization in 1894 (Weed, 1899). In the early 1900s, focus switched to development of iron
resources in locally extensive gossans (Goodspeed, 1945; Roby, 1950). R & S Mining Company began
production of small quantities of iron ore from near Iron Butte, west of the Project area, in 1972.

Homestake Mining Company carried out the first modern exploration work for non-ferrous metals on the
property in 1973 and 1974. Cominco American Inc. (CAIl) resumed exploration in the district in 1976 joint
ventured the property with Broken Hill Proprietary Company Limited (BHP) in 1985. The Cominco/BHP
JV drilled the discovery hole for the “Johnny Lee” deposit beside Johnny Lee’s (a former homesteader
and miner) long abandoned root cellar. BHP operated the joint venture through early 1988, after which
time operatorship reverted back to CAl. After reclaiming all exploration disturbances, CAIl dropped the
leases in the mid-1990s. The CAIl and the CAI/BHP joint venture completed approximately 66 exploration
core holes in the current lease areas (Resource Modeling Inc., 2010).

Tintina acquired the rights to mine the property in May of 2010, and has conducted surface exploration
activities at the Project site under Exploration License No. 00710 since September 2010. Section 1.5
below contains descriptions of these exploration activities. Tintina has, through extensive core drilling,
established ‘Inferred’, ‘Indicated and ‘Measured’ resources, described further below in the Mineral
Resources section (Section 1.4.6).

On November 7, 2012, Tintina submitted an application to amend its exploration license to gain
underground access to the mineral deposit by constructing an exploration decline into the upper Johnny
Lee zone. DEQ conducted an Environmental Assessment of Tintina's application to amend its exploration
license under the Montana Environmental Policy Act (MEPA). The environmental review culminated in
the January 2014 issuance of the Final Mitigated Environmental Assessment (EA) and approval by DEQ
to proceed with construction of the exploration decline. However, Tintina made a corporate decision to
proceed directly to submission of an Application for a Mine Operating Permit (this document) for
consideration by DEQ.

Tintina Montana, Inc. 4 December 15, 2015
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1.3 Land Status

All activities proposed in the Operating Permit Application and all surface disturbances will occur on
privately owned ranch land (Figure 1.2, shows private land shaded in a light grey overlay, as well a plan
map of the upper and lower Johnny Lee deposits). Tintina has entered into agreements with surface,
mineral and water rights owners on 7,684.28 acres (3,110 ha) of private lands, and also controls 525
mining claims contiguous with the fee simple (leased) lands (Figure 1.4). Figure 1.4 also shows the
proposed mine permit boundary and the location of the Johnny Lee deposit.

Tintina acquired its initial surface and mineral leases in May of 2010 on approximately 4,720 acres (1,908
ha) of ground in the Project area with the Bar Z Ranch (Figure 1.4). Later that year, the Holmstrom Ranch
lease was acquired encompassing an additional 2,120 acres (858 ha). This lease has recently changed
ownership and is now called the Short and Davis Lease (Figure 1.4). In 2011, Tintina acquired a mining
and surface lease for a 2,970-acre (1,202 ha) property contiguous with the Bar Z Ranch called the
Buckingham, Johnson, and Bodell lease (Figure 1.4).

Tintina’s leases include land located in sections 23, 24, 25, 26, 27, 28, 30, 32, 33, 34, 35, and 36,
Township 12 North, Range 6 East; sections 19, 29, 30, 31, and 32, Township 12 North, Range 7 East;
and sections 1 and 12 in Township 11 North, Range 5 East; sections 1, 2, 3,4, 5,6,and 7, 8, 9, 10, 11,
12, 13, and 14, Township 11 North, Range 6 East; and sections 5, 6, 7, 8, and 18, Township 11 North,
Range 7 East, and sections 1 and 12 in Township 11 North, Range 5 East (Figure 1.4).

Tintina Montana, Inc. 8 December 15, 2015
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1.4 Geology

Resource Modeling, Inc. (RMI, 2010) summarized the geologic setting, deposit types, and mineralization
in the Project area. The sections immediately below contain a modified summary, with the addition of
more recent information. Figure 1.5 shows a geologic map of the Project area, Figure 1.6 includes a
stratigraphic section, and Figure 1.7 shows a geologic cross section through the Project area.

1.4.1 Regional Geologic Setting

The copper deposits of the Project area occur in middle Proterozoic (~1.4 billion year old) sedimentary
rocks of the Belt Supergroup (Zieg and Leitch, 1993). During subsidence and filling of the Belt
sedimentary basin, a deep water calcareous shale facies (Newland Formation) was deposited in the
Helena embayment (a trough-like seaway which extended eastward into the craton through central
Montana) (Godlewski and Zieg, 1984). The northern depositional boundary of the deeper water
sediments of the Helena embayment lay along the southern flank of the Little Belt Mountains, north of
White Sulphur Springs, Montana (Figure 1.1). During the Cretaceous Laramide orogeny (approximately
65 million years ago), renewed faulting along the ancestral northern margin of the Helena embayment
formed the Volcano Valley thrust fault (Winston, 1986). The Black Butte Copper deposits lay along the
northern margin of the Helena embayment, and along the reactivated Volcano Valley fault zone (Figure
1.5).

The Newland Shale hosts the Black Butte copper deposits (Figure 1.6). It's evenly laminated shale formed
from deposition of micro-turbidites (small-scale turbidity or density flow deposits) in a sub-wave base
depositional setting. Debris flow conglomerates occur in the sedimentary section along the northern
margin of the embayment (Resource Modelling, Inc., 2010) and record larger mass wasting events from
a shallow water shelf to the north.

1.4.2 Local Geologic Setting

Alluvial deposits lay beneath the stream channels and along the axis of larger drainages. They rest on
the thick sequence of dolomitic and silicic shales of the Proterozoic Newland Formation (Figure 1.6) that
dip gently to the southeast. The above-described prominent northeast-trending, southerly dipping low-
angle Volcano Valley Fault (VVF) forms a northern boundary to Newland Formation exposures within the
Project area (Figure 1.5). Paleozoic (middle Cambrian) Flathead sandstone (Figure 1.6) outcrops at the
surface on the north side of the VVF. It lies unconformably over Proterozoic Newland Formation,
Chamberlain shales, Neihart quartzite, and Precambrian crystalline basement rock (Figure 1.7). A
separate northeast verging segment of the VVF thrust fault called the Black Butte Fault (BBF) lies south
of the Johnny Lee copper deposit (Figure 1.5). The area between the BBF and the VVF contains all of
the known copper resources within the Project area.

Tintina Montana, Inc. 10 December 15, 2015
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The Johnny Lee copper deposit consists of two stratabound lenses of mineralization, an upper copper
zone (UCZ) and lower copper zone (LCZ), each contained within the Upper and Lower Sulfide Zones
(USZ and LSZ respectively) of the lower Newland Formation (Figure 1.6 and Figure 1.7). The UCZ lies
at a depth of approximately 65 to 625 feet (20 to 190 m) below ground surface and occurs within shale
and dolostone of the upper part of the Lower Newland Formation. The southward dipping VVF cuts
through the entire Newland formation. A thin slice of the Lower Newland Formation lies below the VVF
and contains the LCZ, which is at a depth of approximately 985 to 1,640 feet (300 to 500 m) below ground
surface (Figure 1.7). The LCZ and enclosing Lower Newland shale lie on the Chamberlain Formation.
The Buttress Fault carries both Chamberlain and Newland shales on its south side downward against
Early Proterozoic gneiss and Neihart Quartzite on its north side (Figure 1.7). The Volcano Valley Fault
truncates the Buttress Fault, and Cambrian sedimentary rocks cover it to the north such that it has no
surface expression (Figure 1.5), and likely has a Proterozoic age.

1.4.3 Deposit Type

Geologists classify the Black Butte Copper deposit as a sediment-hosted deposit. Bedded pyrite shows
higher concentrations in several discrete, semi-continuous, and laterally extensive stratigraphic horizons
(Figure 1.6) that locally contain copper enrichments.

1.4.4 Mineralization

Bedded pyrite horizons within dolomitic shale of the lower Newland Formation host tabular sheets of
copper mineralization. Exploration drilling has outlined two separate lenses containing copper resources
which are called the Johnny Lee Upper Copper Zone and the Johnny Lee Lower Copper Zone. Below
are descriptions of both the copper zones and the more widespread host sulfide halo.

Johnny Lee Upper Sulfide Zone

The Johnny Lee Upper Sulfide Zone (USZ) consists of a lens of fine-grained bedded pyrite (FeS,) as
thick as 285 feet (87 m), and containing two or three chalcopyrite-bearing (CuFeS>) horizons all capped
by a barite (BaSOa4)-rich pyritic stratigraphy. Himes and Petersen (1990) describe microscopic textures
and various sulfide minerals (primarily from copper-enriched horizons) and Graham and others (2012)
and White and others (2014) have completed more recent work. Pyrite occurs as laminations and beds
of very fine-grained pyrite, as micro-crystals, and spheroidal aggregates (1 to 25 microns in diameter).
Pyrite and rarely marcasite (FeS) aggregates contain rims, patches, and sometimes interior cores of
chalcopyrite and tennantite [Cus(As,Sb)Sg] and in many cases amorphous Cu, Co, Ni, and As-rich
material. Chalcopyrite occurs as coarser grained veinlets and clots, in parallel bedded layers and bands,
in quartz veinlets, and in barite veins and masses.

While local silicification occurs within the USZ, most of the copper mineralization occurs within unsilicified
bedded pyrite. The USZ zone reaches its greatest thicknesses in the south central portion of the Johnny
Lee deposit. Strontium-rich minerals celestine (SrSQO4) and stronianite (SrCQO3) occur in some places
toward the base of the USZ and below the copper-enriched horizons. Barite concentrations cap the
copper zone, and includes a sulfide-free shale horizon called the ‘barite marker horizon’.

Johnny Lee Lower Sulfide Zone

The Johnny Lee LSZ lies in the footwall (below) the southward-dipping VVF (Figure 1.6). Johnny Lee
LSZ mineralization consists of pyrite and rare marcasite, with high concentrations of chalcopyrite and
local occurrences of siegenite (Ni,C0)sS4) and cobaltite (CoAsS). The Johnny Lee Lower Zone contains
no identifiable barite or strontium-rich minerals. Coarse-grained dolomite alteration is abundant on the
margins and above the pyritic zone. Silicification overprints much of the Cu-mineralized area, as well. A
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silicified debris flow conglomerate underlies the LSZ with disseminated chalcopyrite, and chalcopyrite
also occurs in guartz veinlets. Most sulfide textures show replacement of both pre-existing dolomite
alteration and of earlier generations of sulfide mineralization. Some pyrite is bedded, even at the base of
the LSZ.

The Volcano Valley fault dips more steeply south than the underlying LSZ and truncates the zone (Figure
1.6) to form its south boundary. The ‘buttress’ fault truncates the LSZ on the north. Because of fault
truncations on its north and south, the LSZ retains little evidence of its presumably broader scale
mineralogical zoning patterns.

1.4.5 Deposit Geometry

The Johnny Lee Upper Copper Zone (UCZ) comprises 78% of the total tonnage of the Johnny Lee deposit
copper resource. The UCZ measures 3,280 feet (1000 m) in a north-south direction and approximately
2,165 feet (660 m) in an east-west direction (Figure 1.6), and ranges in depth from 65 to 625 feet (20 to
190 m) from the surface. The UCZ ranges in thickness from 10 to 85 feet (3 to 26 m) and varies in dip
from 0° to 20° to the west. In some areas the mineralized zone consists of single lens. In other areas it
consists of two sub-parallel lenses separated by 6 to 53 feet (1.8 to 16 m) of lower grade material.

The Lower Copper Zone (LCZ) comprises 22% of the total tonnage of the Johnny Lee copper resource.
It measures approximately 3,300 feet (1,005 m) from west to east, and ranges from 160 to 660 feet (49
to 201 m) from north to south (Figure 1.6). The LSZ dip varies from 20° to 37° to the south and ranges in
depth from 985 to 1,640 feet (300 to 500 m) from surface. The mineralized zones range in thickness from
8 to 57 feet (2.5t0 17.3 m).

1.4.6 Mineral Resources

Figure 1.6 and cross-section Figure 1.7 illustrate the location of both the Upper and Lower Copper Zones
of the Johnny Lee Deposit. Resource Modelling, Inc. recently recalculated mineral resources (February
2013) using 2010 through 2012 drill data including drill hole logs, geologic correlations, and assays to
create a block model of the deposit zones.

Table 1-1 presents the measured and indicated copper resources of the Johnny Lee deposit upper and
lower zones. A measured bulk density value of 3.99 g/cm? (8.03 cu ft./ton), a cutoff grade of 1.6% copper,
a copper price of US$2.75 per pound, and an estimated copper metallurgical recovery of 81% was used
for the UCZ. A measured bulk density of 3.49 g/cm?® (9.18 cu ft. /ton), a cut-off grade of 1.5% copper ,a
copper price of U.S. $2.75 per pound (0.45 kg), and an estimated copper recovery of 84% was used for
the LCZ.

Table 1-1. Measured and Indicated Copper Resources of the Johnny Lee Deposit
Copper Tonnes/ Copper | Copper | Cobalt | Cobalt Silver | Silver oz.
Cutoff (%) | (Tons) (000) | (%) | Lbs.(M) | (%) | Lbs.(M) | gfh. (000)
ucz 2,659
Measured 1.6 (2.931) 2.99 175 0.118 6.9 16.3 1,393
ucz 6,520
Indicated 1.6 (7.188) 2.77 398 0.125 18.0 155 3,249
LCZ 2,387
Indicated 15 (2.631) 6.40 337 0.033 1.7 4.5 345
Avg. or 11,566
Total 1.6 (12,749) 3.57 910 0.100 26.6 13.4 4,987

Note: Resource data from Updated NI 43-101 Technical Report and PEA (Tetra Tech, 2013)
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1.5 Work Completed to Date under Exploration License

Tintina acquired the property in May of 2010 and has conducted surface exploration activities at the
Project site under Exploration License No. 00710 since that time. The Project is currently approved and
bonded for surface disturbances related to drilling various types of borings and test pit excavations for
mineral exploration, groundwater monitoring, and for hydrologic, geotechnical, metallurgical and soil
testing.

Tintina has used surface drilling methods to complete a total of 205 core holes (including metallurgical
and geotechnical test holes) to define the mineral resources and estimate the feasibility of mining and
milling the copper deposits. Several rounds of ongoing exploration drilling have been approved over time
by DEQ following the submittal of Notices of Resumption of Exploration Activities by Tintina. Tintina has
hydraulically plugged 193 of these holes in accordance with ARM 17.24.106 to prevent aquifer cross
contamination. Twelve holes remain open for use as water level observation wells for hydrologic testing
and characterization of aquifers.

Between 2011 and 2013, Tintina drilled a total of twelve groundwater monitoring wells, including eight of
which are paired wells with one completion in surficial material and an adjacent well completed in
bedrock. Ten pumping wells were also drilled to determine groundwater levels, to collect geologic
samples, and primarily to use for pump tests to define bedrock unit aquifer characteristics. A licensed
water well driller drilled and completed these wells in accordance with State regulations. In addition,
Tintina installed 12 very shallow piezometers in alluvial valley fill sediment or in wetlands to monitor
seasonal changes in water levels, and to test for draw down properties during pump testing of nearby
bedrock wells. The Water Resources Baseline section (Section 2.2) presents a map showing locations
of environmental test wells and piezometers (Figure 2.2), and a table listing sampling frequency (Table
2-7). In 2014 and 2015, Tintina completed 21 relatively shallow geotechnical drill holes and excavated
39 test pits to evaluate foundation materials underlying proposed and alternate facility locations (Figure
3.9). Other excavations include a number of small soil test pits for soil sampling and infiltration testing.

Surface disturbances related to exploration, environmental, and geotechnical drill holes, and access
roads and drill pads to date have totaled 6.0 acres (2.4 ha), all of which have been reclaimed. The
reclamation includes initial stockpiling of soil, re-contouring of drill sumps, pads and access roads,
replacing stockpiled soil, and re-vegetation. All temporary disturbances have been re-contoured and re-
vegetated in accordance with State requirements, and seeded with a seed mixture approved by DEQ. All
funds posted for reclamation bonding since the initiation of the project remain in place with DEQ.

1.6 Regulatory Compliance

This Operating Permit Application has been designed to meet the requirements of the Montana Metal
Mines Reclamation Act (Title 82, Chapter 4, Part 3, MCA) and the Rules and Regulations governing the
act. Compliance with regulatory requirements is cross-referenced with components of this Operating
Permit Application in Table 1-2.
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Table 1-2. Permit Application Cross-Referenced with Regulatory Compliance
SECTION | RULES (ARM)/ACT (MCA) CITATION
1.0 INTRODUCTION
1.1 Project Location ARM 17.24.115(k)
1.2 Brief Project History MCA 82-4-337(1)(a)
1.3 Land Status MCA 82-4-335(5)(f) through (h)
14  Geology ARM 17.24.116(3)(i)
2.0 EXISTING CONDITIONS/ ENVIROMENTAL BASELINE STUDIES
2.1  Climate, Metrological Data & Air Quality ARM 17.24.116(3)(a)
2.2 Water Resources
23 Wetlands Resources
2.4 Environmental Geochemistry
25 Soil Resources
2.6  Terrestrial Wildlife Resources ARM 17.24.116(3)(a)
2.7  Aguatic Resources
2.8 Vegetation Resources MCA 82-4-335(5)(f) through(h)
29 Cultural Resources
2.10 Socio-economic Resources
2.11 Noise
2.12 Transportation Resources
213 Land Use
3.0 OPERATING PLAN
3.1 Introduction ARM 17.24.116(3)
3.11 Mine Permit Boundary ARM 17.24.116(3)(d) and (e)
3.1.2 List of Facilities with Surface Disturbance Acres ARM 17.24.116(3)(d)
3.2 Underground Mine Operations and Mining Methods ARM 17.24.116(3)(f)
3.2.2 Tintina’s Underground Mine Plan
3.2.2.5 Equipment ARM 17.24.116(3)(j)
3.3 Mineral Production
3.3.1 Processing Method
3.3.2  Mining Operations and Schedule ARM 17.24.116(3)(g): ARM 17.24.116(3)(p)
3.3.3 Mill Support Facilities
34 Mine Site — General Construction
341 Overview and Disturbance Acres
342 Construction of Facilities

3.5 Engineering Evaluations

3.51 Geotechnical Foundation Evaluations MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342
35.2 Design Standards MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342
3.5.3 Seismicity MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342
354 Tailings Characteristics ARM 17.24.116(3)(d), MCA 82-4-335(5)(n)
355 Stability Analysis MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342
3.5.6 Seepage Analysis
3.6 Infrastructure Support and Waste and Water Management
Facilities
3.6.1 Roads ARM 17.24.116(3)(h) & (r), MCA 82-4-335(5)(i)
3.6.2 Portal Pad
3.6.3 Ventilation Raises
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SECTION RULES (ARM)/ACT (MCA) CITATION

3.6.4  Temporary Waste Rock (WRS) & Operational Storage | ARM 17.24.116(3)(d), MCA 82-4-335(5)(n)

3.6.5 Process Water Pond (PWP) MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342

3.6.6 Contact Water Pond (CWP)

3.6.7 Cemented tailings Facility (CTF) MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342; ARM 17.24
116(3)(g); SB-209: MCA 82-4 335(5)(l)

3.6.8 Non-Contact Water Reservoir (NCWR)

3.6.9 Stockpiles

3.6.10 Pipelines

3.6.11 Equipment & Contract Manpower Required for

Support Facility Construction

3.7 Water Management

3.7.1 Introduction

3.7.2 Water Supply

3.7.3 Water Balance

3.74 Water Treatment

3.75 Treated Water Disposition

3.7.6 Storm Water

3.7.7 Erosion Control & Best Management Practices (BMP)

ARM 17.24.116(3)(k); MCA 82-4-336(5)

ARM 17.24.116(3)(b); ARM 17.24.115 (a-(d) and
(K)(iv)

MCA 82-4-336(2)

3.8 Management of Other Operational Elements

3.8.1 Total Project Employment with Subcontractors ARM 17.24.116(3)(q)

3.8.2 Accommodations for Employees and Subcontractors

3.8.3 Projected Construction & Operational Traffic

3.84 Waters of the US (WOTUS)

385 Air Quality & Dust Control ARM 17.8.308; 17.24.115(1)(h)

3.8.6 Visual Resource Assessment

3.8.7 Operational Noise

3.8.8 Fire Protection ARM 17.24.116(3)(m): 17.24.116(3)9)
3.8.9 Solid Waste Disposal ARM 17.24.115(i); ARM 17.24.116(3)(c)
3.8.10  Sewage Treatment ARM 17.24.116(3)(0)

3.8.11 Hazardous Materials Disposal

3.8.12  Emergency Response Plan ARM 17.24.116(3)(n)

3.8.13 Site Security

3.8.14 Lighting

3.8.15 Noise ARM 17.24.116(3)(a): ARM 17.24.116(3)(s)
3.8.16 Cultural Resource Protection ARM 17.24.116(3)(t)

4.0 MODELLING STUDIES

4.1 Hydrologic Conceptual Model

4.2 Summary of Groundwater Modeling Assessment

4.3 Geochemistry

Tintina Montana, Inc.
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SECTION

RULES (ARM)/ACT (MCA) CITATION

5.0 MITIGATIONS

6.0 MONITORING

6.2 Ongoing Baseline Monitoring

6.3 Operational Monitoring

6.3.1 Water Quality & Quantity Monitoring

ARM 17.24.116(3)(l), MCA 82-4-335(5)(m)

6.3.2 Facility Operational Monitoring

6.3.3  Waste Rock Geochemistry Monitoring

6.3.4 Air Quality Monitoring

ARM 17.8.308; 17.24.115(1)(h)

6.3.5  Wetlands Monitoring

6.3.6 Aquatic Resource Monitoring

6.3.7 Noise Monitoring

ARM 17.24.116(3)(s)

6.3.8 Reclamation Monitoring

6.4 Post Operational Closure Monitoring

6.4.1 Facility Closure Monitoring

ARM 17.24.115(1)(m)

6.4.2 Water Quality Monitoring

ARM 17.24.115(1)(d), (e, (f),(n);17.24.116(3)(l)

6.4.3 Reporting

7.0 RECLAMATION & CLOSURE

ARM 17.24.116(5)

7.2 Detailed Plan for Permanent Reclamation & Closure

ARM 17.24.150

721 Post Mining General Construction Measures

7.2.2 Post Mining Building & Solid Waste Disposal

ARM 17.24.115(1)() & (m), MCA 82-4-
303(15)(e)

7.2.3 Site-specific Facility Closure

ARM 17.24.115(1)(m)

724 Soil Salvage Placement

7.25 Revegetation

ARM 17.24.115(1)(c), (K)(ii) & () MCA 82-4-
303(15)(c)

7.3 Reclamation Schedule

MCA 82-4-303(15)(i); 82-4-336(3)

7.4 Bond Release

MCA 82-4-338(1),

8.0 REFERENCES

Tintina Montana, Inc.
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2.0 EXISTING CONDITIONS / ENVIRONMENTAL BASELINE STUDIES

Existing condition data describe and evaluate attributes of the environment at the project site, while
baseline studies involve conducting research and gathering/analyzing physical or chemical data
associated with resources that might be affected by facility construction or mine operations. Collection of
both types of information facilitates the evaluation of possible impacts, and provides a benchmark against
which potential future changes could be measured. Evaluations typically compare existing condition
physical and chemical data with state standards, regulations or guidelines.

An initial consultation between DEQ and Tintina identified the types of baseline assessments, information
and data quality anticipated to be necessary to evaluate this application. This section of the Permit
Application summarizes resources selected for baseline study. Table 2-1 lists these baselines
assessments or study citing the location of the summary sections in this Permit Application document
and the location of detailed technical reports providing supporting information on the resources that are
included as appendices to this Permit Application.

Table 2-1. Reference Sections for Environmental/Baseline Studies
Baseline Resource Summary Section Detailed Technicgl
This Report Report as Appendix
Geology 1.4
Climate, Meteorology and Air Quality 2.1 A-1
Meteorology Monitoring Data 2.1.2 A-2
Air Quality 2.15 ---
Water Resources 2.2 B
Water Resources Monitoring Data B-A
Water Resources Quality Statistics B-B
Hydrologic Modeling 4.0 M
Wetland Resources 2.3
Wetland Delineation Report 231 C-1
Wetland Functionality Report 2.3.7 C-2
Environmental Geochemistry 2.4 D-1
Geochemical Modeling 4.2 N
Soil Resources 2.5 E
Terrestrial Wildlife Resources 2.6 F
Aquatic Resources 2.7 G
Vegetation Resources 2.8 H
Weed Plan 2.8.4 O
Cultural Resources 2.9 I
Socio-Economic Resources 2.10
Noise 2.11 J
Transportation Resources 2.12
Visual Resources 3.8.7
Land Use 2.13
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Tintina initiated collection of data characterizing the existing site conditions and site-specific
environmental baseline studies by as early as 2010. Tintina will continue to collect data through ongoing
baseline investigations during the permitting phase, and will monitor conditions throughout operations
and into closure as mandated by DEQ (described in Section 2.2.4). For most studies, Tintina’s leased
property boundary usually forms a boundary, but select resources required larger study areas. Section
1.3 above describes the boundary of the leased property which includes approximately 7,684acres (3,109
ha) (Figure 1.4).

2.1 Climate, Metrological Data and Air Quality

2.1.1 Climate

The Project area occurs in a cold, semi-arid or steppe climate (Képpen- Gieger climate classification,
http://www.eoearth.org/view/article/162263/; Finlayson and others 2007) that receives annual
precipitation below potential evapotranspiration. These, cold, semi-arid climates are located in temperate
zones and are typically found in continental interiors, some distance from large bodies of water and locally
can include areas of high elevation. These climate zones typically have hot summers and cold winters,
usually see snowfall during the winter, and at higher latitudes tend to have dry winters and wetter
summers. They are often subject to major temperature swings between day and night, sometimes by as
much as 36°F (approximately 20°C) or more. This climate zone tends to support short or scrubby
vegetation, usually dominated by either grasses or shrubs but locally in upland portions of the Project
area, forest communities of Douglas-fir and lodge pole pine occur where thin soils cover near-surface
bedrock.

2.1.2 Meteorological Data Collection

In April, 2012, Tintina established an ambient meteorological monitoring station at an elevation of 5,699
feet (1,737 m) just west of the core shed (Figure 1.2 and Figure 2.1) to measure wind speed, wind
direction, standard deviation of wind direction, temperature at 30 feet and 6 feet (9 and 1.8 m), delta
temperature (calculated difference in temperature between 30 and 6 foot (9 and 1.8 m) stations), solar
radiation, barometric pressure and precipitation. On June 23, 2015, Tintina installed an evaporation pan
measuring device. The monitoring station accurately characterizes the local meteorology has collected
baseline data to provide information for this the mine operating permit application and supports various
ongoing environmental and water balance engineering studies. Bison Engineering, Inc., of Helena MT
operates the meteorological station. Tintina has received quarterly reports of daily data since the second
quarter of 2012 and these are attached to this Operating Permit Application as Appendix A-1 (Bison
Engineering, Inc., 2015) on a compact disc.

2.1.3 Meteorological Data Analysis

The Tintina meteorological station (Figure 2.1) has collected 32 months’ worth of data (through Dec 2014,
the last complete year of data; this data can be updated for annual average data at the end of 2015).
Months that had fewer than 20 days of recorded data were excluded from the summaries as shown in
Table 2-2 below. The precipitation and temperature records have 27 and 30 monthly values respectively.
The precipitation record for March 2013 contains a one-day event in which approximately 4 inches (102
mm) of precipitation was recorded. Analysis of this meteorological data (Knight Piésold, 2015; Appendix
A-2) generated long-term estimates of precipitation and evaporation for use in preparation of the site-
wide water balance.
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Table 2-2. Tintina Weather Station Precipitation and Temperature Monthly Data

Precipitation (in.)

Year Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
2012 248 3.46| 1.77| 047/0.16 | 1.8 | 1.10[ 0.28 -
2013 0.70 1.34| 7.24| 0.91] 2.68 04| 0.75 1.34 -
2014 161 | 0.16 | 3.11] 1.85 0.83] 5.67| 1.22| 3.23| 1.46| 0.75| 0.51 -

Average 1.14 0.75| 5.20| 1.38| 2.01] 457 | 1.50| 1.85 0.79| 0.9 | 0.79] 0.83| 21.73

Temperature (°F)

Year Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
2012 42.0 62.4 | 59.2 | 49.6| 34.7| 28.4| 17.6 -
2013 176 | 19.0 | 24.8| 31.5| 45,5/ 52.9 | 62.1 52.2 | 31.3| 26.1| 13.6 -
2014 18.0 | 8.2 25.0| 33.4| 44.6| 48.2|60.4 | 56.8 | 47.7| 41.2| 21.2| 20.3 -

Average 17.8 | 13.6 | 24.9| 32.4| 44.6|50.5 | 16.5 | 61.7 | 49.8| 35.7| 25.2| 17.2 35.9
Blank cells had fewer than 20 days of recorded data

The measured records at Tintina station indicate a mean annual precipitation of 21.73 inches (552 mm)
and a mean annual temperature of 35.9° F (2.2° C). The monthly temperature data were used with the
Thornthwaite equation to estimate a mean annual potential evapotranspiration of 17.4 in. (441 mm), as
shown in Table 2-3 (Knight Piésold, 2015). Potential evapotranspiration is considered to be generally
equivalent to pond evaporation.

Table 2-3. Tintina Station Potential Evapotranspiration (in.)

Year Jan Feb | Mar | Apr | May| Jun | Jul | Aug | Sep| Oct | Nov | Dec | Annual
2012 1.9 4.8 4.1 25| 05 0 0 -
2013 0 0 0 0 24| 35 | 438 28| 0 0 0 -
2014 0 0 0 9 23| 29 |45 3.8 22| 13 0 0 -
Average 0 0 0 4 22| 3.2 |47 3.9 25| 0.6 0 0 17.4

Four regional climate stations were investigated for comparison with the Tintina station. The locations of
these stations are shown on Figure 2.1 and the mean annual meteorological values are summarized in
Table 2-4 and Appendix A-2 (Knight-Piésold, 2015) presents the detailed analysis of this data (including
pond evaporation estimates, and long-term temperature and precipitation data) and compares results
among the four meteorological stations.

Table 2-4. Regional Meteorological Station Summary
Elevation| Period of Mean Annual Mean Annual Mean Annual
Station (amsl) Record Precipitation (mm)| Temperature (°C)| Pan Evap. (mm)
Bozeman 4,862 | 1892 - 2015 18.5 43.1 36.8
Millegan 14 SE 4,970 | 1984 - 2015 18.6 41.0 -
White Sulphur Spring 5,440 | 1949 - 1981 15.8 - -
Neihart 8 NNW 5,320 | 1967 - 2013 21.3 41.7 -
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Two synthetic series of monthly precipitation and temperature generated for the Project site (Tintina
meteorological station, elevation 5,699 feet (1,737 m)) allow the best possible estimate of precipitation,
temperature, and evaporation. For the period 1892 to 2015 a synthetic series includes data generated
from the Bozeman station, and for the period 1984 to 2015 includes data from the Millegan station
(Knight-Piésold 2015, Appendix A-2). The calculated mean annual precipitation values for the Project
site were 20.0 in. (508 mm) and 16.4 in. (417 mm), respectively. These are lower than the mean annual
precipitation recorded at the Tintina station in 2012 to 2014. The Millegan station, located close to the
Project site, indicated that the 2012-2014 period was wetter than the long-term average, whereas the
Bozeman station indicated that the 2012-2014 period deviated less from the long-term average
conditions. Because the Millegan station is located closer to the Project site, and is considered more
representative of Project site weather patterns, this study adopted the long-term precipitation estimate
based on the Tintina-Millegan comparison for water balance calculations. In addition, the Tintina-Millegan
estimate yielded a more conservative result with respect to water supply availability used in the site-wide
water balance. Statistical graphs of correlations for temperature and precipitation data between the
Tintina-Bozeman and the Tintina-Millegan sites are included in Knight-Piésold's report (Knight-Piésold
2015).

The study generated three estimates of long-term mean annual pond evaporation for the Project site.
The study based two estimates on temperature values and the Thornthwaite equation. Analysis using
the Tintina-Bozeman temperature series yielded a mean annual potential evapotranspiration of 17.2 in.
(437 mm); and analysis using the Tintina-Millegan temperature series yielded a mean annual potential
evapotranspiration of 16.7 in. (424 mm) The third estimate, which was based on pan evaporation at the
Bozeman station scaled to the Project site, yielded a mean annual pond evaporation value of 20.2 inches
(513 mm). Given the level of uncertainty in the evaporation estimates, as with the precipitation, the study
applied the most conservative approach to the water balance analyses, and used the highest evaporation
estimate (20.2 in., 513 mm) for the Project site for modeling purposes. Tintina installed a pan evaporation
measuring station at the project site in June 2015.

The values presented in Table 2-5 represent those considered most representative of the Project site
when using the most conservative approach, with respect to water availability. The values below
represent an average annual water deficit of 3.9 in. (96 mm).

Table 2-5. Long-Term Project Precipitation and Pond Evaporation Data
Parameter Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
Precipitation (in.) 08) 067 11| 15| 23| 28| 18| 15| 12| 11| 09| 0.9 16.4
Precipitation (mm) 20 | 17 | 28 | 38 58 71 | 46 38 30 | 28 | 23 23 417

Pond Evaporation (in.) 0 0 0 19| 30| 33|44 | 39| 24| 14| O 0 20.2

Pond Evaporation (mm) 0 0 0 48 76 84 | 112 | 99 61 | 36 0 0 513

2.1.4 Wet and Dry Return Periods for Project Site Precipitation

Table 2-6 presents the wet and dry annual precipitation values up to the 1:100 year return period. These
values are calculated based on the mean annual precipitation, and the standard deviation of annual
precipitation values, using the annual precipitation values from the Tintina-Millegan precipitation series
(Knight-Piésold 2015). The analysis assumes a normal distribution. The Tintina weather station will
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continue meteorological data collection to provide a longer period of record for comparison to the regional
stations.

Table 2-6. Wet and Dry Return Period Project Precipitation

Return Period Annual Precipitation (in. / mm)
1:100 year wet (mean + 2.326 s.d.) 24.6 /625
1:50 year wet (mean + 2.054 s.d.) 23.6 /599
1:20 year wet (mean + 1.645s.d.) 22.1/561
1:10 year wet (mean + 1.282 s.d.) 20.9/531
Mean Annual Precipitation 16.4 /417
1:10 year dry (mean - 1.282 s.d.) 11.9/302
1:20 year dry (mean - 1.645 s.d.) 10.6 / 269
1:50 year dry (mean - 2.054 s.d.) 9.2/234
1:100 year dry (mean - 2.326 s.d.) 8.2/208

NOTE: 1. The standard deviation was calculated to be 3.5 in.(89 mm)

2.1.5 Air Quality

Meagher County, in which the Project is located, is classified for air quality purposes as "Unclassifiable
or Better Than National Standards" for all criteria pollutants (40 CFR 81.327 and DEQ website
http://deq.mt.gov/AirQuality/Planning/AirNonattainment.mcpx). This classification indicates that the
MDEQ has not monitored the area’s air quality but that, based on the Department’s experience, the area
is presumed to meet the ambient air quality standards. Specifically regarding the recently revised 8-hour
ozone standard, EPA has published information indicating that all of Montana currently meets the new
standard or is presumed to do so (EPA website:

http://ozoneairqualitystandards.epa.qgov/OAR OAQPS/OzoneSliderApp/index.html#).

As noted above, DEQ has not measured ambient air pollutant concentrations in or near the Project area.
The most representative data have been collected at the Sieben Flats monitoring station located
approximately 50 miles west of the Project between Helena and Great Falls. This is a National Core
(NCore) Multipollutant Network monitoring station that monitors background air quality on a regional scale
as part of a national air quality trends network. The NCore site and the Project site are both rural locations
that are quite similar, and this similarity supports the “Unclassifiable or Better Than National Standards”
classification determination (Sieben Flats NCore data can be accessed at this EPA website:
http://www3.epa.gov/airdata/ad_rep _mon.html).

There are no significant sources of air pollution in the vicinity of the Project area. The nearest significant
source is the Graymont Indian Creek Lime Plant which is located approximately 40 miles southwest of
the mine. White Sulphur Springs is approximately 15 miles south of the mine site and does not have any
significant emitting sources. The nearest large population centers are the cities of Great Falls, Bozeman
and Helena, located at distances of approximately 50 and 80 miles from the Project.

In addition, Tintina received an air quality permit from DEQ’s Air Quality Bureau for its Amendment to
Exploration License to Construct and Exploration Decline. This application concludes that recent
emission air pollutant rates from the Projects exploration activities are quite low and are not expected to
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substantially degrade surrounding air quality. Potential emission rates for criteria pollutants, as reported
in the exploration decline air quality permit (MAQP #4978-00) are all well below EPA thresholds for
“significant emission rates.” The air quality permit states on page 4 of the analysis section that “...the
potential emissions expected from operating the facility (exploration decline) at its maximum throughput
on a continuous basis would not violate ambient air quality standards.”

Tintina will submit an application for and acquire a Montana Air Quality Permit under the Montana Clean
Air Act prior to construction and mining activities at the site that specifies requirements for applicable
State and Federal air quality standards. The air quality permit application requires that the applicant
demonstrate compliance with all applicable state and federal regulations and ambient air quality
standards. As part of that application, a list of equipment and specifications for all stationary emissions
sources would be compiled for submittal to DEQ’s Air Quality Bureau for review and final determination
of permitting needs once specific pieces of equipment have been selected for the mining operation. The
conditions of the Air Quality Permit will specify monitoring and reporting requirements in detail and may
specifically require air quality monitoring for particulates.

2.2 Water Resources

2.2.1 Water Resources Study Area and Methods of Study

Tintina has conducted both water resource baseline monitoring and hydrologic investigations for the
Project. They initiated the baseline monitoring program in May of 2011 and it includes measurement of
flow, water levels, and water quality at surface water, groundwater, and spring and seep monitoring sites
in the Project area. The baseline monitoring program includes the following:

e Quarterly monitoring at 11 surface water sites. Beginning in 2013, Tintina monitored three of these
sites located on Sheep Creek on a bi-weekly/weekly schedule during spring run-off and then
monthly since 2014.

e Quarterly groundwater monitoring at 12 monitoring well sites and 22 additional test wells and
piezometer sites (Figure 2.2).

e Annual spring and seep monitoring which includes monitoring of flow and field parameters at 16
springs and water quality sampling and analysis at 11 sites (Figure 2.3). Field parameters are
also monitored annually at 10 seep locations.

Figure 2.2 shows the location of water resource monitoring sites. Table 2-7 summarizes the type of
baseline data available and period of record at each of the baseline monitoring sites.

In addition to baseline monitoring, Tintina conducted a number of groundwater investigations to
characterize the hydro-stratigraphic units in the Project area (Hydrometrics, August 2012, 2013, and April
2015). Investigations have also examined groundwater/surface water interactions for a possible Land
Application Disposal (LAD) area (Hydrometrics, November 2013), and have included two synoptic
surveys on Sheep Creek between Little Sheep Creek and downgradient monitoring site SW-1 (Figure
2.2).
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Table 2-7. Water Sampling Summary for Baseline Monitoring Sites
Monitoring Edsting il Monitoring Period of Flow or Field Lab
Site {raesees] IriEEes) Frequency record Water Level| Parameters | Parameters PRRTITEL
UTM-WGS 1984 Zone 12
Developed Springs
Ds-1 506507.0804 | 5178870.812 Annual 2011-2015 X X 2015
Ds-2 505263.4901 | 5180150.611 Annual 2011-2015 X X 2011, 2014
Ds-3 505037.6171] 5181520.613 Annual 2011-2015 X X 2014-2015
DS-4 506056.5319| 5181588.636 Annual 2011-2015 X X 2011,14,15
DS-5 504761.4473| 5182484.963 Annual 2011-2014 X X -
DS-6 504949.6587 | 5182827.876 Annual 2011-2014 X X -
Seeps
Seep-1 507876.19 | 5179570.54 Annual 2011-2014 -- X -
Seep-2 506310.6 5180089.2 Annual 2012-2014 -- X -
Seep-3 507821.16 | 5180537.25 Annual 2012-2014 - X -
Seep-4 507530.57 5182486.29 Annual 2012-2014 -- X -
Seep-5 507768.38 | 5182748.77 Annual 2011-2014 -- X -
Seep-6 507853.49 | 5182587.27 Annual 2011-2014 - X --
Seep-7 507155.4 5182821.06 Annual 2011-2014 - -- --
Seep-8 506701.44 | 5180381.64 Annual 2011-2014 - X --
Seep-9 504825.48 | 5182475.68 Annual 2012-2014 - X --
Seep-10 507270.05 5179164.8 Annual 2012-2014 - X -
Springs
SP-1 506273 5180099 Annual 2011-2015 X X 2011,14,15
SP-2 505833.974 | 5180907.344 Annual 2011-2015 X X X 2013, no Lab Data
SP-3 506370.5798 | 5182241.552 Annual 2011-2015 X X X
SP-4 506425.1743| 5180468.941 Annual 2011-2015 X X X
SP-5 506478.8216| 5178985.422 Annual 2011-2015 X X --
SP-6 506219.5828| 5181027.89 Annual 2011-2015 X X X
SP-7 507693.6926| 5181137.92 Annual 2011-2015 X X 2015
SP-8 507995.8872|5178745.244 Annual 2012-2014 X X -
SP-9 507502.0319| 5178577.924 Annual 2012-2014 X X -
SP-10 506335.423 | 5178351.003 Annual 2012-2014 X X -
Tintina Montana, Inc. 29 December 15, 2015



Black Butte Copper Project Mine Operating Permit Application

Easting

Northing

Monitoring Monitoring Period of Flow or Field Lab
Site {misers) Gl Frequency record Water Level| Parameters | Parameters et
UTM-WGS 1984 Zone 12
Surface Water Sites
Hourly water level data since 2012; High
SW-1 507148 5182710 Monthly 2011-2015 X X X flow bi-weekly/weekly Flow
SW-2 511040 5179844 Monthly 2011-2015 X X X High flow bi-weekly/weekly Flow
SW-3 506996 5180581 Quarterly 2011-2015 X X X
SW-4 506308 5180114 Quarterly 2011-2015 X X -
SW-5 503914 5181465 Quarterly 2011-2015 X X X Typically Dry
SW-6 507918 5179536 Quarterly 2011-2015 X X X
SW-7 506420 5179000 Quarterly 2011-2015 X X 2012,15
SW-8 509575 5179476 Quarterly 2011-2015 X X -
SW-9 503844 5179271 Quarterly 2011-2015 X X -
SW-10 504665 5178322 Quarterly 2011-2015 X X 2015 Added Lab WQ for TMDL
SW-11 501951 5181021 Quarterly 2011-2015 X X X
USGS-SC1 514509 5179419 Monthly 2014-2015 X X X High flow bi-weekly/weekly Flow
Monitoring Wells
MW-1A 506935.22 | 5180841.55 Quarterly 2011-2015 X X X
MW-1B 506934.19 | 5180845.46 Quarterly 2011-2015 X X X
MW-2A 506598.18 | 5180331.93 | Quarterly 2011-2015 X X X
MW-2B 506596.96 | 5180328.73 Quarterly 2011-2015 X X X
MW-3 506484.1 5180740.2 Quarterly 2011-2015 X X X
MW-4A 507201.5 5180855.4 Quarterly 2012-2015 X X X
MW-4B 507200.1 5180858.5 Quarterly 2012-2015 X X X
MW-6A 507809.2 5179492.9 Quarterly 2013-2015 X X X
MW-6B 507792.8 5179490.7 Quarterly 2013-2015 X X X
MW-7 507451.7 5179500.7 Quarterly 2013-2015 X X X
MW-8 507036.0 5179398.3 Quarterly 2013-2015 X X X
MW-9 506593.0 5180725.5 Quarterly 2014-2015 X X X
SC15-184 507047.3 5178972.5 Quarterly 2015 X X X first monitoring July 2015
SC15-185 506355.5 5179094.2 Quarterly 2015 X X X first monitoring July 2015
SC15-194 506014.1 5179854.9 Quarterly 2015 X X X first monitoring July 2015
SC15-198 506621.4 5179854.9 Quarterly 2015 X X X first monitoring July 2015
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Monitoring EARE Setalng Monitoring Period of Flow or Field Lab
Site Ietees] (mekers] Frequency record Water Level| Parameters | Parameters Ll
UTM-WGS 1984 Zone 12
Test Wells
PW-1 506301.4 5180698.4 Quarterly 2011-2015 X One Time One Time |Lab Data from Pumping Test
PW-2 506443.2 5180865.0 Quarterly 2011-2015 X One Time One Time |Lab Data from Pumping Test
PW-3 506846.4 5180479.4 Quarterly 2012-2015 X twice twice Lab Data from Pumping Test
PW-4 506901.8 5180688.3 Quarterly 2012-2015 X One Time One Time |Lab Data from Pumping Test
PW-5 506490.7 5181172.8 Quarterly 2013-2015 X - -
PW-& 506468.1 5181097.9 Quarterly 2012-2015 X - - Lab Data from Pumping Test
PW-6N 506e468.1 5181097.2 Quarterly 2015 X -- --
PW-7 506846.2 5180695.5 Quarterly 2013-2015 X twice twice Lab Data from Pumping Test
PW-8 506598.4 5180721.9 Quarterly 2014-2015 X twice twice Lab Data from Pumping Test
PW-10 506593.6 5180721.9 Quarterly 2014-2015 X twice twice Lab Data from Pumping Test
Piezometers
Pz-01 507650.0 5180255.6 Quarterly 2012-2014 X - --
PZ-02 507400.7 5180778.8 Quarterly 2012-2014 X -- --
PZ-03 507249.2 5180618.¢ Quarterly 2012-2015 X -- --
PZ-04 506991.7 5181110.8 Quarterly 2012-2015 X -- --
PZ-05 507080.0 5181214.7 Quarterly 2012-2015 X - --
PZ-07A 506258.4 5180074.7 Quarterly Nov-14 X - -~
PZ-07B 506258.5 5180075.0 Quarterly Nov-14 X - --
Pz-08 507090.3 5180573.8 Quarterly 2014-2015 X - --
PZ-09 507883.8 5180178.6 Quarterly 2014-2015 X -- --
PZ-10 ND ND One-Time Nov-14 X - - PW-8 Aqg Test temporary piezometers
Pz-11 ND ND Twice Nov-14, Mar-15 X - - PW-8 Ag Test temporary piezometers
Pz-12 ND ND One-Time Nov-14 X - - PW-8 Aq Test temporary piezometers

Notes for comments column:
e High flow bi-weekly/weekly flow means - there is bi-weekly or weekly flow monitoring during the high flow season
e Added lab WQ for TMDL means- began water quality monitoring at the request of the TMDL program

Tintina Montana, Inc.
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Appendix B-1 (Hydrometrics, 2015b) of this Permit Application provides a more comprehensive Baseline
Water Resources Report. The remainder of this section describes the hydrologic setting of the Project
area and summarizes the results of baseline and other water resources monitoring programs.

2.2.2 Surface Water

The Project area is in the upper portion of the Sheep Creek drainage, a tributary to the Smith River, which
in turn is a tributary of the Missouri River (Figure 2.4). Sheep Creek is a fifth order stream draining a total
of approximately 194 square miles (502 square km). Sheep Creek originates in the Little Belt Mountains
at an elevation of approximately 7,400 feet (2,255 m) and discharges to the Smith River approximately
34 river miles (55 km) to the west at an elevation of 4,380 feet (1,335 m). The Project area is located in
the approximate upper third of the drainage approximately 19 river miles (30.5 km) above the confluence
with the Smith River. Sheep Creek is a high quality stream that flows in a meandering channel through a
broad alluvial valley upstream of the Project site but enters a constricted bedrock canyon just
downstream. It is used principally for stock water and fishing (RMI, 2010).

Primary tributaries to Sheep Creek in the immediate Project area include Little Sheep Creek and Coon
Creek (Figure 2.5). To the west of the project area is Black Butte Creek, also a tributary to Sheep Creek.
Black Butte Creek flows to the northwest and joins Sheep Creek approximately 7 miles (11 km) to the
west-northwest of the Project area. There is a small unnamed tributary that joins Sheep Creek on the
north side of Strawberry Butte that collects water from springs on the north flank of the Sheep Creek
Valley. Another small un-named tributary flows westward from the northern side of Black Butte (the
geographic feature) into Black Butte Creek. Flow in these tributary drainages is only perennial on their
lower reaches and ephemeral upstream.

The United States Geological Survey (USGS) historically operated a gaging station on Sheep Creek
(USGS 06077000) that was located approximately 4 miles (6.4 km) upstream of the Project area (Figure
2.4 and Figure 2.5). This site provided stream flow data for Sheep Creek from 1941 through 1978 and
the USGS reports average monthly base flows ranging from approximately 9 cfs to 115 cfs (254 to 3,256
L/sec; 0.5 to 3.26 m3/sec). The nearest active USGS gaging stations (USGS 06076690 and 06077200)
are located on the Smith River near Fort Logan above the confluence with Sheep Creek and just below
the confluence with Sheep Creek and Eagle Creek (Figure 2.4). The upstream gaging station (06076690)
provided continuous data from October 1977 to the end of September 1996 and intermittent data since
then. The downstream gaging station (06077200) has run continuously since October 1, 1996. Base
flows on the Smith River at the upstream gaging site range from 18 to 3,200 cfs (510 to 90,613 L/sec;
0.5 to 90 m?¥/sec) and at the downstream gaging site from 30 to 3,800 cfs (0.85 to 107.6 m?/sec). The
percentage of flow from Sheep Creek is unknown as there are additional tributary drainages between the
two USGS gaging stations.

The Holmstrom Ditch is a significant man-made hydrologic feature effecting flows in Sheep Creek. It has
diverted Sheep Creek water for irrigation use into the Newlan Creek drainage since 1935. The diversion
point for the ditch is just downstream of the former USGS-SC1 gaging station (Figure 2.5). While the local
ranchers continue to use the ditch for seasonal irrigation diversions, the Newlan Creek Water District also
uses the ditch as a source of water for the Newlan Reservoir.
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2.2.3 Groundwater

Quaternary alluvial deposits that occupy the axes of the major drainages, colluvium deposits (highly
weathered shallow bedrock that flank these drainages) and the underlying more competent bedrock
formations all contain groundwater in the project area. Primarily low permeability dolomitic and silicic
shales and argillaceous dolomites of the Newland Formation from the bedrock of the Project area. A
review of available information in the Groundwater Information Center (GWIC) database (Montana
Bureau of Mines and Geology; MBMG) indicates wells completed in the area generally produce low
yields. There is limited historical information on the hydrogeology of the Project area. Previous exploration
drilling in some holes (RMI, 2010) in the deeper bedrock units underlying the Sheep Creek Valley

encountered artesian flow.

2.2.4 Water Resources Baseline Monitoring

Tintina has conducted surface water and groundwater monitoring to establish baseline stream flows,
groundwater potentiometric elevations, and water quality in the Project area. This work has included
analyses of surface water and groundwater (Table 2-8) quality samples for physical parameters, common

ions, and nutrients, as well as a comprehensive suite of trace metals.

Table 2-8. Parameter, Methods, and Detection Limits for Baseline Water Monitoring
. 1 Project-Required Surface Project-Required
el Analytical Method® Water Detection Limit Groundwater Detection Limit
Physical
Parameters
TDS SM 2540C 4 mg/L 10 mg/L
TSS SM 2540C 4 mg/L 10 mg/L
Common lons
Alkalinity SM 2320B 4 mg/L 4 mg/L
Sulfate 300.0 1 mg/L 1 mg/L
Chloride 300.0/SM 4500CL-B 1 mg/L 1 mg/L
Fluoride A4500-F C 0.1 mg/L 0.1 mg/L
Calcium 215.1/200.7 1 mg/L 1 mg/L
Magnesium 242.1/200.7 1 mg/L 1 mg/L
Sodium 273.1/200.7 1 mg/L 1 mg/L
Potassium 258.1/200.7 1 mg/L 1 mg/L
Nutrients
Nitrate+Nitrite as 353.2 0.003 mg/L 0.1 mg/L
N
Total Persulfate A 4500-N-C 0.04 mg/L --
Nitrogen
Total E365.1 0.003 mg/L --
Phosphorus
Trace Constituents (SW - Total Recoverable except Aluminum
[Dissolved], GW - Dissolved)®
Aluminum (Al) 200.7/200.8 0.009 mg/L 0.009 mg/L
Antimony (Sh) 200.7/200.8 0.0005 mg/L 0.0005 mg/L
Arsenic (As) 200.8/SM 3114B 0.001 mg/L 0.001 mg/L
Barium (Ba) 200.7/200.8 0.003 mg/L 0.003 mg/L
Beryllium (Be) 200.7/200.8 0.0008 mg/L 0.0008 mg/L
Cadmium (Cd) 200.7/200.8 0.00003 mg/L 0.00003 mg/L
Chromium (Cr) 200.7/200.8 0.01 mg/L 0.01 mg/L
Cobalt (Co) 200.7/200.8 0.01 mg/L 0.01 mg/L
Copper (Cu) 200.7/200.8 0.002 mg/L 0.002 mg/L
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Project-Required Surface Project-Required

i 1
el Analytical Method® Water Detection Limit Groundwater Detection Limit
Iron (Fe) 200.7/200.8 0.02 mg/L 0.02 mg/L
Lead (Pb) 200.7/200.8 0.0003 mg/L 0.0003 mg/L
Manganese 200.7/200.8 0.005 mg/L 0.005 mg/L
(Mn)
245.2/245.1/200.8/SM 0.000005 mg/L 0.000005 mg/L
Mercury (Hg) 3112B
Molybdenum 200.7/200.8 0.002 mg/L 0.002 mg/L
(Mo)

Nickel (Ni) 200.7/200.8 0.001 mg/L 0.001 mg/L
Selenium (Se) 200.7/200.8/SM 3114B 0.0002 mg/L 0.0002 mg/L
Silver (Ag) 200.7/200.8 0.02 mg/L 0.02 mg/L
Strontium (Sr) 200.7/200.8 0.0002 mg/L 0.0002 mg/L
Thallium (T) 200.7/200.8 0.0002 mg/L 0.0002 mg/L
Uranium 200.7/200.8 0.008 0.008
Zinc (Zn) 200.7/200.8 0.002 0.002

Field
Parameters
Stream Flow HF-SOP-37/-44/-46 NA NA
Water HF-SOP-20 0.1°C 0.1°C
Temperature
Dissolved HF-SOP-22 0.1 mg/L 0.1 mg/L
Oxygen (DO)
pH HF-SOP-20 0.1 s.u. 0.1 s.u.
Specific HF-SOP-79 1 pmhos/cm 1 pmhos/cm
Conductance
(SC)

(1) Analytical methods are from Standard Methods for the Examination of Water and Wastewater (SM) or
EPA’s Methods for Chemical Analysis of Water and Waste (1983).
(2) Samples to be analyzed for dissolved constituents will be field-filtered through a 0.45 um filter.

2.2.4.1 Surface Water Monitoring

Tintina established eleven surface water stations as baseline monitoring sites (Figure 2.2) and began
monitoring at these sites in May 2011 with subsequent quarterly monitoring events scheduled in the
months of August, November, March, and May of each year. Monitoring includes flow, stage, and field
parameters (temperature, pH, and specific conductivity (SC)) at all of these sites and collection of water
guality samples at six of the sites during quarterly monitoring. Beginning in 2014, Tintina began monthly
sampling of sites on the main stem of Sheep Creek.

2.2.4.2 Stream Flow

Table 2-9 summarizes flow monitoring results for each of the surface water monitoring sites. Flows
estimated for Sheep Creek during May/June have ranged from approximately 100 to more than 800 cfs
(2.8 to 22.7 m3¥/sec). Base flow in Sheep Creek during late summer/fall ranges from 10 to 30 cfs (0.28 to
0.85 m3/sec) at the upstream monitoring site SW-2 and 15 to 34 cfs (0.42 to 0.96 md/sec) at the
downstream monitoring site SW-1. Individual measurements typically showed an increase in flow by 25%
to 50% between SW-2 to SW-1. Stream flow declines rapidly in late June/early July averaging 10 cfs to
30 cfs (0.28 to 0.85 m3/sec) by late summer and 10 to 15 cfs (0.28 to 0.42 m3/sec) by late winter.
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Tintina has installed a stilling well with a transducer at monitoring site SW-1 that allows collection of
seasonal baseline stage and discharge monitoring in Sheep Creek. Data collected at this site shows
flows in excess of 100 cfs (2.8 m3/sec) in Sheep Creek from mid-May-through mid-June, with high flows
of 200 to more than 800 cfs (5.66 to more than 22.65 m3/sec).

In addition to the flow monitoring at baseline monitoring sites, Tintina has also measured stream flow on
a monthly basis in Sheep Creek at the former upstream USGS-SC1 gaging site since May 2014 with
concurrent measurements at SW-1 and SW-2 to allow correlation of the stream flows between the sites.
Stream flow in Sheep Creek increases between the upstream USGS-SCL1 site and downstream SW-1 by
a factor of up to 2.5 during spring runoff, after which time the increased flow diminishes and flows at the
two sites become nearly equal in late August when tributary inflows downstream of USGS-SC1 are
diverted for irrigation. Downstream flows increase after the irrigation season ends and the flow
measurements show an approximately 50% increase in stream flow between USGS-SC-1 and SW-1
during base flow periods in early spring.

Table 2-9. Summary of Stream Flow Monitoring Data
March May/June \ August/Nov
Monitoring Stream
Station Measured Stream Flow (cfs)
SW-1 Sheep Creek 30-41 111-613 10-34
SW-2 Sheep Creek Frozen 98-250 7-30
SW-3 Coon Creek 0.22 0.3-5 0.08-0.34
SW-4 Coon Creek 0.16 0.2-2 0.01-04
Unnamed tributary to
SW-6 Black Butte Creek 0.04-0.26 0.5-4 0.17-0.33
Unnamed tributary to
SW-7 Black Butte Creek 0-0.4 0-0.3 0.001-0.01
SW-8 Little Sheep Creek 1.7 1-9 0.2-1
SW-9 Black Butte Creek 0.3-1.8 2.3-12.7 0.3-0.8
SW-10 Black Butte Creek Frozen 1.7-15.2 0.3-0.5
SW-11 Black Butte Creek 1.0-2.9 1.6-21.4 0.4-1.0

The observed increase in stream flow between SW-2 and SW-1 is accounted for during high flow season
by inflow from Little Sheep Creek; however, during base flow periods the increase is not accounted for
by Little Sheep Creek or other monitored tributaries and is likely attributable to inflow from groundwater
and unmonitored springs and tributaries on inaccessible private property to the north of Sheep Creek.

2.2.4.3 Surface Water Quality

Appendix B (Hydrometrics, 2015b) of this Permit Application is a Baseline Water Resources Report and
Appendix B-2 of this Application provides electronic water quality data (Hydrometrics, 2015 on CD) for
each of the surface water monitoring sites. Appendix B-3 of this Application (Hydrometrics, 2015, on CD),
contains water quality statistics for individual sites in the Baseline Report (Hydrometrics 2015a).
Analytical results for surface water samples collected from within the Project area show neutral to slightly
alkaline pH values (6.8 to 8.6), and low to moderate specific conductance (49 to 487 umhos/cm). Calcium
and bicarbonate dominate the major ion chemistry of waters. Hardness typically ranges from
approximately 73 to 256 mg/L. Metals data show infrequent excursions above DEQ-7 water quality
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standards for selected metals (aluminum and iron) during high runoff events. The following constituents
showed surface water standard exceedances:

e Total recoverable iron exceeded the chronic aquatic criteria of 1 mg/L during peak runoff periods
at all sites except SW-6 and SW-11 (2011) and SW-3 (2012).

e Dissolved aluminum concentrations often exceeded the chronic aquatic criteria of 0.087 mg/L
during periods of high runoff in Sheep Creek (SW-1, SW-2, and USGS SC-1) and in Black Butte
Creek (SW-11).

e Thallium exceeded the human health surface water standard of 0.00024 mg/L at SW-3 during
three separate monitoring events in 2011.

Sheep Creek is included in MDEQs 303(d) list of impaired streams for dissolved aluminum, total
recoverable iron, and Escherichia coli. The exceedances of dissolved aluminum and total recoverable
iron occur during spring runoff near peak flow, when turbidity is high. Elevated total recoverable iron and
aluminum values from highly turbid water are not unusual, and have been observed in many different
geographic areas, during high flow events under what are “natural” conditions. Nonetheless, MDEQ
conducted a broad monitoring program in the Sheep Creek drainage for further data collection that could
be used for development of a TMDL if deemed necessary. MDEQ has not issued a completion schedule
for establishing a TMDL.

2.2.4.4 Groundwater Monitoring

Section 1.4 of this Permit Application provides a description of the surficial and bedrock geology of the
Project area. Monitoring wells and test wells completed within shallow and deep stratigraphic units to
define baseline water levels, groundwater flow directions and ground-water quality within the Project
area. A series of paired monitoring wells (MW-1A,-1B, MW-2A,-2B, MW-4A, -4B, and MW-6A, -6B)
installed between 2011 and 2013 help document baseline conditions within the unconsolidated
Quaternary/Tertiary clayey gravel deposits and in the underlying shallow bedrock groundwater system
(Figure 2.2). In addition to these monitoring wells, 10 test wells (PW-1 through PW-10) installed for aquifer
testing provide information on both the hydrologic characteristics and water quality within representative
stratigraphic units (Figure 2.2). Figure 2.6 shows a generalized north-south geologic cross-section
depicting completion units for all of the monitoring and test wells. Table 2-10 includes the completion
details of each of these wells.

Twelve piezometers allow monitoring of the groundwater levels in the alluvial/colluvial systems of Sheep
Creek, Coon Creek, and Dry Creek (Figure 2.2).

2.2.4.5 Groundwater Flow Directions

Figure 2.7 shows a compilation of water level data from the May 2015 sampling round. The potentiometric
surface shows an eastward trending flow direction in the bedrock groundwater system within the Project
area consistent with the general topographic trend in the greater area. The potentiometric contours of the
bedrock hydrologic system indicate an average hydraulic gradient of approximately 0.08. Groundwater
in the Sheep Creek alluvium generally flows parallel to the creek; then turns northwest and finally turns
to the north as Sheep Creek bends to the north around Strawberry Butte (Figure 2.7). Groundwater
continues to flow north towards Sheep Creek as the creek crosses the northern extents of the alluvial
system and enters a small canyon. The hydraulic gradient in the alluvial system is relatively flat (0.008)
through most of the monitoring area and then increases slightly to 0.013 in the northern portion of the
valley. Water level elevations at PZ-04 and PZ-05 (located in the northern portion of the alluvial valley,
see Figure 2.7) typically rest near or above the ground surface. The increased gradient and near surface
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water level elevations in this area are indicate that the alluvial groundwater system discharges to surface
water as the alluvium thins and then pinches out against the less permeable bedrock which forces the
water upward as Sheep Creek flows over the bedrock rise and downstream into the canyon.

Well pairs MW-1A/1B and PZ-07A/7B have downward hydraulic gradients that indicate that the surficial
groundwater systems are likely perched systems that are not fed by the deeper bedrock aquifers in these
areas. In contrast, all of the other well pairs (MW-2A/2B, MW-4A/4B and MW-6A/6B) show upward
hydraulic gradients. In addition, there is one set of triplet wells on site, PW-9, PW-10, and MW-9,
completed in the Upper Copper Zone (UCZ), Ynl-B, and Ynl-A stratigraphic units (Figure 2.6),
respectively. Water level elevations at these wells show a large upward gradient between the Upper
Sulfide Zone (USZ, PW-9) to Ynl-A and a downward gradient from USZ to Ynl-B bedrock system. Note
that Ynl-A and Ynl-B refer to hydrostratigraphic units, not geologic units, though they presumably follow
geologic boundaries. Ynl-A refers to the Lower Newland shale above the Upper Sulfide Zone and below
the Upper Newland carbonates, while Ynl-B refers to the Lower Newland rocks below the Upper Sulfide
Zone and above the Volcano Valley fault. The hydrologic investigations define a separate
hydrostratigraphic unit coincident with the Upper Sulfide Zone (USZ).

Figure 2.6 is a schematic diagram showing the relationship of well completion depth intervals with
geologic and hydro-stratigraphic units (as shown on geologic cross-section).
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Table 2-10. Well Completion Data
Ground Measuring
Northing Easting Surface Point Elev. Borehole Well Total Screen Hydro-
Well Name (meters) (meters) Elev. Total Depth Depth Interval | stratigraphic Dti?laerd Purpose
Unit
(feet, amsl)
UTM Zone 12 North (feet, bgs)
Monitoring Wells
MWI1A 5180841.55 506935.22 5635.81 5637.73 38 34 25-34 Shallow 2011 Baseline
Rodrncl
MW1B 5180845.46 506934.19 5636.14 5637.9 98 98 88 - 98 YNL-A East of USZ
MW?2A 5180331.93 506598.18 5743.72 5745.31 62 62 52 -62 Shallow Baseline East of Coon
2011
Bedrock Creek
MwW2B 5180328.73 506596.96 5743.44 5745.53 80 80 70 - 80 YNL-A
MW3 5180740.22 506484.07 5760.06 5762.17 305 305 285 - 305 usz 2011 Baseline USZ
MWA4A 5180855.43 | 507201.47 | 5610.12 5612.12 23 23 14-23 Sheep 2012 |Baseline Sheep Cr.
Creek Alluvium
MW4B 5180858.49 | 507200.12 | 561007 |  5612.07 59 59 39-50  |YNL-A 2012 |Baseline YNL-A below
Sheep Cr. Alluvium
MW-5 Not Drilled
MW-6A 179492. 7 i . 1.87 2 1 -1 201
6 5179492.85 507809.18 5680.08 5681.8 0 5 5-15 Quarternary 013 Proposed UG LAD
MW-6B 5179490.71 507792.76 5683.41 5685.31 50 50 40-50 Dolostone 2013
MW-7 5179500.71 507451.7 5747.48 5749.46 50 50 40-50 Dolostone 2013 Proposed UG LAD
MW-8 5179398.31 507036 5809.1 5810.93 80 80 70-80 Dolostone 2013 Proposed UG LAD
MW-9 5180725.46 | 506592.96 | 5744.35 5745.8 143.7 128 108128 |YNL-A 2014 [Baseline  YNLA
Characterization
Test Wells
PW-1 5180698.4 506301.42 5912.07 5913.74 213 211 140-211 YNL-A - 2011 Previous Decline
Perched
PW-2 5180865.03 506443.15 5793.08 5794.88 215 212 132 - 212 usz 2011 Previous Decline
PW-3 5180479.42 506846.43 5655.21 5657.42 131 127 90-127 YNL-A 2012 Expl Decline
PW-4 5180701.75 506849.44 5678.13 5680.01 242 239 200-239 usz 2012 Expl Decline
Volcano Volcano Valley Fault
PW-5 5181172.77 506490.68 5913.22 5915.49 555 500 515-555 Valley 2013 Hydrologic Characteristics
Cosalt
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Ground Measuring
' Northing Easting Surface Point Elev. Borehole Well Total Screen Hydro-
Well Name ’ . Year
(meters) (meters) Elev. Total Depth Depth Interval stratigraphic Drilled Purpose
Unit
(feet, amsl)
UTM Zone 12 North (feet, bgs)
Monitoring Wells
| Buttress Fault Hydrologic
PW-6 5181085.67 506477.44 5895.43 5897.4 1234 1204 1164-1204 Buttress Fault 2013 Characteristics
Open . Baseline YNE Hydrologic
PW-6N 5181085.67 506477.44 5895.43 5897.4 1358 1358 borehole NIeh:’;lr’Ft 2015 Characterization
1234-1358  |Quartzite
PW-7 5180867.59 | 507122.89 | 5609.11 5611.15 1350 1346 1306-1346 |LCZ 2013 [|BaselineLcz
Characterization
Baseline YNL-A
PW-8 5180695.53 506846.19 5679.12 5680.6 184 178.5 138.5-178.5 [YNL-A 2014 .
Characterization
PW-9 5180721.88 | 506598.38 | 5743.59 5745.05 255.5 255.5 21552555 |ucz 2014 |Baseline UCZ
Characterization
PW-10 5180721.88 | 50659355 | 5743.57 5744.84 369.5 358.5 31853585 |YNL-B 2014 |Baseline YNL-B
Characterization
SC15-184* 507047 5178973 5747 5747 99 85 55-85 G diori 2015 Project Facilities Baseline
: ; ranodiorite Characterization
SC15-185* 506355 5179094 5917 5917 99 80 60-80 G diori 2015 Project Facilities Baseline
: ; ranodiorite Characterization
SC15-194* 506014 5179855 5878 5878 99 80 60-80 YNL-A 2015 Project Facilities Baseline
: ; : Characterization
Project Facilities Baseline
SC15-198* 506621 5179762 5815 5815 99 70 60-70 YNL-A 2015

Characterization

*Northings, Eastings, and elevations are approximate.
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2.2.4.6 Groundwater Quality

Groundwater in shallow alluvial wells and shallow bedrock wells is calcium/magnesium bicarbonate type
water with near neutral pH and moderately low dissolved solids. One exception is well MW-1B, which
has calcium/magnesium sulfate type water with a lower pH range (6.02 to 6.51 s.u.) and moderate
dissolved solids (336 to 425 mg/L). The water quality at MW-1B completed in Ynl-A stratigraphic unit
(Figure 2.6) is similar to MW-3 and test well PW-4, both of which are completed in the Upper Sulfide
Zone.

Wells completed in alluvium, shallow unconsolidated overburden, and highly weathered bedrock include
MW-1A, MW-4A, and MW-6A. These wells have neutral pH water (6.24 to 7.66 s.u.) with generally low
to non-detectable concentrations of dissolved metals. MW-1A, however, periodically exhibits variable
water quality with some excursions of arsenic, barium, iron, lead, manganese, and thallium above Human
Health standards. Well MW-1A is screened in fine-grained sediments and monitoring events which
detected metals at higher concentrations may reflect breakthrough of particulate through the filters due
to the very high turbidity.

Wells completed in shallow bedrock above the Upper Sulfide Zone include MW-2A and MW-2B, MW-4B,
MW-6B, MW-7, MW-8, MW-9, and test wells PW-1, PW-3, and PW-8. Dissolved trace constituents that
are present at detectable concentrations in these wells include arsenic, barium, iron, manganese,
strontium, thallium, and uranium. The concentration of thallium at MW-2B (0.0024-0.004 mg/L) exceeds
the human health standard of 0.0024 mg/L. Thallium concentrations at the other shallow bedrock wells
fall below regulatory limits. All other parameters in the shallow aquifer meet applicable regulatory limits.
While thallium exhibits detectable concentrations in MW-3 and PW-4, it does not exceed the human
health standard.

Wells completed in the Upper Sulfide Zone (MW-3, PW-4, PW-9) have the highest concentrations of
dissolved solids and sulfate compared to the other wells. As previously discussed, MW-1B has similar
water quality to these Upper Sulfide Zone wells. The pH of water at these Upper Sulfide Zone wells
ranges from 6.04 to 7.31 s.u. which is slightly lower than other wells. Detectable dissolved trace
constituents in the upper sulfide zone wells include antimony, arsenic, barium, cobalt (MW-1B only), iron,
lead, manganese, mercury, molybdenum, nickel, strontium, thallium, uranium, and zinc. Strontium
concentrations range from 8.08 to 16.2 mg/L at MW-3 and PW-4 and exceed the human health standard
of 4 mg/L. Arsenic concentrations at MW-1B, MW-3 and PW-4 range from 0.054 mg/L to 0.09 mg/L and
exceed the human health standard of 0.010 mg/L. Arsenic speciation of samples from MW-1B and MW-
3 indicate that the majority of the arsenic is present in reduced form as As (lll), which would likely oxidize
in contact with atmospheric oxygen and co-precipitate with iron as a ferri-hydroxide complex.
Concentrations of thallium at MW-1B (0.013 mg/L) also exceed the human health groundwater standard
of 0.002 mg/L.

Analytical results from PW-7 (completed in the Lower Sulfide Zone) indicate a sodium/potassium
bicarbonate type water with highly basic pH (10.77 to 11.58 s.u.), and with higher concentrations of
chloride and lower concentrations of sulfate than other wells on site. Trace constituents detected above
the reporting limit include aluminum, antimony, arsenic barium, molybdenum, selenium, strontium, and
zinc. Dissolved aluminum concentrations (0.187 to 1.03 mg/L) were much higher than observed at other
wells on the site. Antimony was the only trace constituent that exceeded the groundwater human health
standard. This sample provides an initial assessment of the water quality in PW-7. However, the well did
not produce sufficient water to allow for field parameter stabilization and drill mud was found in the well
during the initial water level measurements and in subsequent monitoring events. These factors along
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with the atypical water quality including elevated aluminum, chloride, and sodium suggest the water
guality from PW-7 may be contaminated from drilling muds and fluids.

2.2.4.7 Seeps and Springs

A field inventory completed in 2011 (Hydrometrics, 2011a) identified and mapped nine seeps and 13
springs in the Project area and included sampling of some annually in the spring for water quality and
flow. A field survey collected a second series of flow measurements and water quality samples of seeps
and springs during July 2012. A number of springs discharge along the Volcano Valley Fault where the
Flathead Quartzite lies in contact with the Newland formation (Chen-Northern, 1989). Seeps and springs
are identified on Figure 2.3.

Identified small springs or seeps are typically located in ephemeral channels in the headwaters of small,
unnamed tributaries. These springs form small boggy areas with limited flow and generally re-infiltrate
within a few hundred feet downstream. A number of these springs (indicated by a DS designator
(developed spring), Table 2-11) have been developed for stock watering and feed small livestock
watering tanks. Slightly larger springs and seeps identified along the lower reaches of Coon Creek and
on Little Sheep Creek support perennial downstream flow. Observed flow rates at the springs ranged
from less than 1 gpm to over 100 gpm (4 to 379 Lpm) (Table 2-11).

Table 2-11. Summary of Spring Flow Data

Sta. Flow Rate (gpm) Sta. Flow Rate (gpm)
Name . Name .

min max avg min max avg
SP-1 14 65 22 DS-1 <0.5 35 12
SP-2 2.2 9.4 6.9 DS-2 <0.5 12 4.7
SP-3 0.6 5.4 2.8 DS-3 4.9 117 38
SP-4 54 27 13 DS-4 2.2 20 8.7
SP-6 0.9 3.0 1.8 DS-5 <1 18 6.7
SP-7 9.4 112 38 DS-6 <0.5 18 7.3
SP-8 8.1 8.1 8.1
SP-9 5.4 15 9.4
SP-10 3.6 8.1 5.8

Water samples from five of the primary spring sites (SP-1, SP-2, SP-3, SP-4, and SP-6) surrounding the
proposed facility area, and from two surface water locations (G-1 and G-2) where gossan (an iron-oxide
deposit) is exposed in outcrop in the streambed generally, exhibit neutral to slightly alkaline pHs (6.20-
8.21 s.u.) with moderate to high alkalinities (50-240 mg/L). Background nitrate concentrations are low
(<0.1-0.68 mg/L) at all of the spring sites. Metals concentrations are all within regulatory limits. However,
SP-3 exhibits slightly higher concentrations of some dissolved metals (aluminum, copper, and chromium),
but all are well below regulatory standards. Springs originating from gossan sites have similar water
quality as the other springs, however, Thallium at one of the gossan sites (G-2) exceeds the numeric
drinking water standard.

2.2.5 Aquifer Characterization Investigations

Tintina conducted a series of aquifer tests, including both slug tests and short-term and long-term
pumping tests at the site to characterize the hydrogeologic characteristics of the principal stratigraphic
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units and the fault systems that bound the copper-rich deposits. Table 2-13 presents information for each
test and the estimated aquifer characteristics derived from test results.

Aquifer testing at MW-4A indicates the Sheep Creek alluvial groundwater system is highly permeable
with an estimated hydraulic conductivity of approximately 200 feet (61 m) per day. Underlying bedrock
units exhibit much lower permeabilities. The highest permeabilities within the lower Newland Formation
occur within the Ynl-A, above the Upper Sulfide Zone, which exhibits hydraulic conductivities ranging
from 1 to 5 feet per day (0.3 to 1.5 m/day). The permeability of the bedrock decreases by one to two
orders of magnitude in the underlying USZ with hydraulic conductivities ranging from 0.01 to 1 ft. /day
(0.003 to 1.52 m/day). The permeability of the LSZ is also low with hydraulic conductivities of 0.1 to 0.2
ft./day (0.03 to 0.06 m/day).

Aquifer testing of wells completed in the Volcano Valley Fault and the Buttress Fault yielded hydraulic
conductivity estimates of 0.09 to 0.004 ft. /day (0.027 to 0.001 m/day). However, effects from the well
casing and well annulus storage dominated these tests and were difficult to isolate. Therefore the actual
permeability of the faults may be substantially lower. To further assess the permeability of the Volcano
Valley Fault, Tintina carried out Flexible Wall Permeameter tests on five samples of the gouge material
within the fault zone, from three separate exploration cores. The testing yielded extremely low hydraulic
conductivity estimates ranging from 7.1x10- to 1.5x10°° ft. /day with an average hydraulic conductivity of
2.8 x 10 ft. /day.

In addition to the aquifer testing discussed above, deepening of well PW-6 in the spring of 2015 helped
evaluate the hydrologic characteristics of the Neihart quartzite on the north side of the Volcano Valley
Fault. Since quartzite units can contain higher permeability zones when fractured, Tintina deepened well
PW-6N into the Neihart Formation adjacent to the Buttress fault. Air testing of the open borehole in the
Neihart quartzite at this location produced 500 plus gallons (1,893 L) per minute and confirmed that there
are high permeability fractures within the Neihart quartzite adjacent to the Buttress Fault. This resulted
in a change in mine planning.

Hydraulic conductivity is the rate at which water can move through various (usually natural) media, and
in this document it is typically measured in feet/day. Because interpreting the results of aquifer testing
using hydraulic conductivity is not always intuitive to everyone, Table 2-12 is used to illustrate hydraulic
conductivities of some natural materials to help to put some of the values cited above and elsewhere in
this document into perspective. Note that Table 2-12 has rows ranking relative permeability (pervious,
semi-pervious and impervious) and the character of the resulting aquifer (good, poor and none). Color
coded on this table are various material types discussed throughout this document. Going from high to
low hydraulic conductivity these units are:

1. Blue - Highly fractured shallow bedrock unit into which the proposed underground infiltration
galleries will discharge treated water (flow range from hundreds of feet per day to a few thousand
feet per day).

2. Yellow — the sand and gravel alluvial aquifer of Sheep Creek (flows around 200 feet (60 m) per
day).

3. Tan - the range of hydraulic conductivity in various lower Newland Formation bedrock units
(flows range from 1/1,000" to 1/100,000%" of a foot per day),

4. Green — both cemented and un-cemented tailings material (flows on the order of
1/1,000,000,000; a billionth of a foot per day).
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Table 2-12. Hydraulic Conductivities of Natural and Project Specific Materials
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Table 2-13.  Summary of Aquifer Test Results
Observation . Pumping Hydrau.llr-: Hydrau.llcl: .
well Analysis Method Test Conductivity Conductivity Storativity
(ft/day) (cm/sec)
Alluvium
Springer-Gelhar 216 7.6E-02 NA
MW-4A Springer-Gelhar MW-4A (slug) 210 7.4E-02 NA
Springer-Gelhar 208 7.3E-02 NA
Perched Aquifer
Theis 0.07 2.5E-05 NA
PW-1 Moench PW-1 0.03 1.1E-05 NA
Theis-Rec. 0.07 2.5E-05 NA
YNL-A
Hvorsle 7.4 2.6E-03 NA
MW-4B v MW-4B 7.0 2.5E-03 NA
Hvorsle (slug) 7.3 2.6E-03 NA
Theis 2.1 7.4E-04 NA
Moench PW-3 1.6 5.6E-04 NA
Theis-Rec. 1.1 3.9E-04 NA
PW-3 Theis 5.8 2.0E-03 1.00E-04
Moench PW-8 5.5 1.9E-03 8.00E-06
Theis-Rec. 4.6 1.6E-03 NA
Theis 2.3 8.1E-04 NA
PW-8 Moench PW-8 1.0 3.5E-04 NA
Theis-Rec. 1.3 4.6E-04 NA
usz/ucz
Theis 0.06 2.1E-05 NA
PW-2 Moench PW-2 0.3 8.8E-05 NA
Theis-Rec. 0.1 3.9E-05 NA
Theis 0.02 7.1E-06 NA
PW-4 Moench PW-4 0.01 3.5E-06 NA
Theis-Rec. 0.02 7.1E-06 NA
Theis 0.2 8.5E-05 NA
PW-9 Moench PW-9 0.2 7.1E-05 NA
Theis-Rec. 0.7 2.5E-04 NA
Theis 0.3 1.0E-04 2.70E-06
Moench PW-2 0.3 8.8E-05 1.20E-04
Theis-Rec. 0.2 7.1E-05 NA
Theis 0.7 2.5E-04 9.00E-05
MW-3 Moench PW-9 1.0 3.4E-04 6.00E-05
Theis-Rec. 0.4 1.6E-04 NA
Hvorslev MW-3 1.1 3.9E-04 NA
Bouwer-Rice (slug) 1.1 3.9E-04 NA
YNL-B
Moench 0.007 2.5E-06 NA
PW-10 Barker PW-10 0.006 2.1E-06 NA
Theis-Rec. 0.001 3.5E-07 NA
LCz
Bouwer PW-7 0.2 7.4E-05 NA
Barker-Black (slug) 0.1 3.2E-05 NA
PW-7 Moench 0.0003 1.1E-07 NA
Barker PW-7 0.001 3.5E-07 NA
Theis-Rec. 0.0003 9.9E-08 NA
Faults
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. . Hydraulic Hydraulic
Observation . Pumping L L .
well Analysis Method Test Conductivity Conductivity Storativity
(ft/day) (cm/sec)
PW-5 Papadopolus 0.09 3.2E-05 NA
(VVE) Barker PW-5 0.02 5.3E-06 NA
Theis-Rec. 0.04 1.3E-05 NA
SC-11-008 (VVF) Permeameter NA 0.00003 1.00E-08 NA
SC-11-036 (VVF) Permeameter NA 0.00002 8.10E-09 NA
SC-12-129 (VVF) Permeameter NA 0.00002 5.40E-09 NA
SC-14-164 (VVF) Permeameter NA 0.00006 2.10E-08 NA
SC-14-170 (VVF) Permeameter NA 0.0007 2.50E-07 NA
Papadopolus 0.04 1.4E-05 NA
PW-6 Moench PW-6 0.01 3.5E-06 NA
(Buttress Fau|t) Theis-Rec. 0.004 1.3E-06 NA
Barker 0.06 2.1E-05 NA
Core holes
Theis 0.6 2.1E-04 2.20E-05
AH-4 Moench PW-1 0.03 1.1E-05 8.00E-05
Theis 0.3 1.1E-04 2.70E-06
SC11-044 Moench PW-2 0.3 1.1E-04 1.20E-04
Theis-Rec. 0.3 1.1E-04 NA
Theis 1.2 4.2E-04 NA
SC12-116 Moench PW-3 1.3 4.6E-04 NA
Theis-Rec. 1.7 6.0E-04 NA

Tintina conducted a long term (31 day) aquifer test on well PW-8 in July and August 2014. Well PW-8 is
completed in Ynl-A shale just above the contact with the USZ. In addition to characterizing the
permeability of the USZ, the purpose of the extended test included an assessment of the extent to which
prolonged pumping would affect water levels in overlying units and at nearby surface water sites. Three
temporary piezometers installed in the Coon Creek, Sheep Creek, and Dry Creek alluvial systems (Figure
2.2) and existing surface water sites allowed additional monitoring. The PW-8 aquifer test ran for 31 days.
The test produced no drawdown in the shallow groundwater system or at observation sites associated
with Sheep Creek, Coon Creek and Dry Creek. Pumping well PW-8 recovered to pre-test levels within
two days of shutting down the pump.

Tintina also conducted a long-term aquifer test on well PW-9 in the Upper Sulfide Zone. Pumping of the
well for 19 days achieved drawdown stabilization in the pumping well and observation wells. Tintina
collected flow and stage measurements at three surface water sites (SW-14-1, SW-14-2, and SW-3) and
one spring (SP-06). Pumping of PW-9 produced limited drawdown in nearby well PW-10, completed
below the Upper Sulfide Zone, and MW-9, completed above the Upper Sulfide Zone, suggesting that the
hydro-stratigraphic units above and below the Upper Sulfide Zone are only partially or poorly connected
to the Upper Sulfide Zone. Weekly surface water flow and/or stage monitoring conducted at three surface
water sites (SW-3, SW-14-1, and SW-14-2) and in piezometers completed in the shallow alluvial systems
during both the PW-8 and PW-9 aquifer tests showed no influence from extended pumping of the bedrock
aquifer at the proposed development depths.

2.2.6 Groundwater — Surface Water Interactions
2.2.6.1 Sheep Creek

Potentiometric data indicate that Sheep Creek is hydrologically connected with the alluvial aquifer in the
Sheep Creek Valley, however, synoptic surveys show that the contribution from the alluvial aquifer to
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Sheep Creek is minimal. Surface water monitoring data show a general increase in flow from upstream
monitoring sites (USGS-SC1 & SC-2) to downstream (SC-1); however, the majority of that increase
appears to be attributable to tributary inflow. Tintina conducted two synoptic surveys in August and
October 2012 to characterize groundwater inflows to Sheep Creek. Figure 2.8 shows synoptic survey
sites. The results of the August 2012 synoptic survey (Table 2-14) showed large decreases and increases
in flow along Sheep Creek that can be accounted for by inflow from groundwater and unmonitored springs
and tributaries on inaccessible private property to the north of Sheep Creek. In addition, the synoptic
survey was conducted shortly after discontinuation of irrigation in the hay meadow which may have
influenced hydrologic conditions.

Table 2-14. August 2012 Synoptic Survey Results

Sheep Creek | Tributary Sum of Sheep

Site Discharge Discharge | Creek and Tributary Notes
(cfs) (cfs) Flow (cfs)
Sheep Creek above Strawberry
SGSC-01 14.03 -- -- Butte South Inlet, most upstream
Sheep Creek Site
Strawberry Mouth of Strawberry Butte South
Butte - 1.3 15.33 Inlet upstream of Sheep Creek
South Confluence

Little Sheep Creek downstream of

SGLSC-01 - 22 17.53 the Sheep Creek Rd culvert

SGSP-01 _ 133 _ Mouth of Spring Creek before
Sheep Creek confluence

Coon-03 _ 052 _ Mouth of Coon Creek upstream of
Sheep Creek confluence
Sheep Creek downstream of Coon

SGSC-04 13.02 -- -- Creek confluence in canyon north of
hay meadow

SGSC-05 15.24 _ _ Sheep Creek at quarterly

monitoring site SW-1

Tintina conducted a second synoptic survey in October 2012 to further evaluate the groundwater/surface
water interaction on Sheep Creek and two small drainages (Coon Creek and Brush Creek; Figure 2.8
adjacent to the Project area (Figure 2.5)). Table 2-15 shows a tabulation of the results of the October
2012 survey. Measured changes in discharge to Sheep Creek were much smaller during the second
synoptic survey (generally within the measurement error of 10-15%). Tributary inflows appear to account
for most increases in stream flow in Sheep Creek during the October 2012 synoptic survey. The survey
was unable to measure groundwater inflow to Sheep Creek within the Project area which indicates that
groundwater contributions to the stream account for less than 10 to 15% of the total flow rate on this
reach of Sheep Creek. Darcy’s flow calculations confirm that groundwater inputs to Sheep Creek from
the alluvial aquifer are too small to physically quantify using open channel flow measurement techniques
as described below and in greater detail in Appendix B (Hydrometrics 2015b) of this Permit Application.
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Table 2-15. October 2012 Synoptic Flow Results
Sheep Tributary Sum of Sheep
. Creek : Creek and
Site . Discharge : Notes
Discharge (cfs) Tributary
(cfs) Discharge (cfs)
Brush Creek Survey
LST-01 -- Dry -- Most upstream site on Brush Creek
LST-02 -- 0.07 -- Moving downstream |
LST-03 - 0.09 -
LST-04 - 0.1 --
LST-05 - 0.1 -
LST-06 - 0.16 -- Most downstream site on Brush Creek
Coon Creek Survey
Coon Creek just as it enters the hay
Coon-01 -- 0.1 -- meadow, SW-3
Coon-02 _ 0.22 _ Coon Creek mid-point in the hay
meadow
Coon-03 _ 0.19 _ Coon Creek immediately upstream of
Sheep Creek confluence
Sheep Creek Survey
2SGSC-01 21.5 -- -- Most upstream site in hay meadow
Sheep Creek upstream of Little Sheep
SGSC-02 292 _ _ Creek confluence. (includes discharge
from un-named tributary south of
Strawberry Butte
SGLSC-02 _ 112 2339 Little Sheep Creek before Sheep
Creek confluence
SGSC-03 1951 _ Sheep Creek upstream of Spring
Creek confluence
SGSP-01 _ 0.44 _ Spring Creek before Sheep Creek
confluence
Coon-03 _ 0.19 20.14 Coon Creek upstream of Sheep
Creek confluence
Sheep Creek downstream of Coon
SGSC-04 20.57 -- -- Creek confluence in canyon north of
hay meadow
SGSC-05 19.05 _ _ Sheep Creek at quarterly monitoring
site SW-1

A simple Darcy’s flow calculation confirms that the estimated groundwater flux from the Sheep Creek
alluvial groundwater system to Sheep Creek in this lower reach is consistent with the small fluctuations
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shown in the synoptic results. Darcy’'s Law can be used to estimate flow rate given a hydraulic
conductivity (K), hydraulic gradient (I) and flow cross sectional area (A) where:

Discharge (Q) =K xIx A

Drilling and test data indicate a thickness of approximately 16 feet (4.9 m) for Sheep Creek alluvium near
MW-4A, with a maximum alluvial deposit width of 1500 feet (457 m), an average hydraulic gradient (I) of
groundwater of 0.008, and an average alluvial hydraulic conductivity (K) of 200 feet/day (61 m/day). Using
these values Darcy’s Law yields a discharge estimate of 200 gpm (757 Lpm; 0.44 cfs) of groundwater
flow through the alluvium towards Sheep Creek. This would be equivalent to just over 2% of the base
flow observed in Sheep Creek during the synoptic survey and confirms that groundwater inputs to Sheep
Creek from the alluvial aquifer are too small to physically quantify using open channel flow measurement
techniques.

2.2.6.2 Brush Creek and Coon Creek

A synoptic survey on Brush Creek (Figure 2.8) indicates discharge of shallow groundwater at the head
of the draw and then no measureable change in flow between sites LST-02 and LST-05. There was a
small increase (0.06 cfs) between LST-05 and LST-06 as Brush Creek approaches the Little Sheep Creek
alluvial system. Water quality data help further assess groundwater and surface water interactions on
Brush Creek in the 2013 investigation, and that evaluation found that the water quality in Brush Creek
was not indicative of groundwater from the shallow bedrock groundwater system in the vicinity of the
proposed underground infiltration gallery area (see Figure 1.3; and Section 3.7.4). The source of the
small increase in flow below LST-05 is unknown but may be associated with the Little Sheep Creek
alluvial system.

Tintina conducted a synoptic survey on the lower reach of Coon Creek where it enters the Sheep Creek
alluvial system. The discharge in Coon Creek at the furthest upstream site (COON-01) was approximately
0.1 cfs. Coon Creek discharge approximately doubled between sites COON-01 and COON-02, and the
discharge remained near 0.2 cfs until its confluence with Sheep Creek (Table 2-15). Data from the drilling
at PW-3 and the PW-8 pumping test and water level elevation data provide evidence that above SW-3
Coon Creek is not in direct connection with the deeper bedrock groundwater system.

2.3 Wetlands Resources

2.3.1 Wetland Study Area and Methods

Wetlands are areas where the frequent and prolonged presence of water at or near the soil surface
results in the formation of hydric soils and hydrophytic (water-loving) plants. Westech Environmental
Services, Inc. (Westech) delineated wetlands and waterbodies and completed a functional analysis of
wetlands within the Project area including all areas under lease agreements with private landowners
(Figure 1.4) and all areas within the mine permit boundary area (Figure 1.3). This inventory/assessment
was the basis for initiation of Clean Water Act Section 404 Permit Application activities with the U.S. Army
Corps of Engineers (USACE). USACE is currently reviewing the detailed technical wetland delineation
report (Appendix C-1; Westech, 2014) and functional analysis report (Westech, 2015a, Appendix C-2 of
this report). Tintina has asked USACE to provide jurisdictional determinations of Waters of the U.S.
(WOTUS). Some of the wetlands discussed in this report may not be jurisdictional.

Westech Environmental, Inc. obtained background and supplementary sources of data for the wetland
delineation and functional analysis from various environmental baseline studies conducted for the Project
and publicly available data including:
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e Hydrology, wetlands, and soils data, are contained in the Amendment to Exploration License
00710 Tintina Alaska Exploration, Inc. Exploration Decline for Underground Drilling and Bulk
Sampling Black Butte Copper Project, Meagher County, Montana (Tintina 2013);

e High-resolution aerial photographs (true color and IR);

e USGS topographic maps;

¢ National Wetland Inventory mapping;

o Natural Resource Conservation Service (NRCS) soils mapping;

o Baseline wetland and waterbody inventory for the Black Butte Copper Project (WESTECH 2015);

e Baseline fish and wildlife resources inventory for the Black Butte Copper Project (Stagliano and
Farmer on-going);

e Background hydrology and wetland mapping for the Black Butte Copper Project (Tintina 2013);

¢ Montana Natural Heritage Program (MTNHP) plant and animal species of concern report (MTNHP
2014); and

e MTNHP list of ecological communities for Montana (MTNHP 2002).

2.3.2 Wetland Delineation Methods

Westech identified and delineated wetlands using the routine on-site approach described in the 1987
U.S. Army Corps of Engineers (USACE) Wetland Delineation Manual (Environmental Laboratory 1987)
and the final Regional Supplement to the Corps of Engineers Manual: Western Mountains, Valleys, and
Coast Region (Version 2.0) (USACE 2010). They classified wetlands according to the Cowardin
classification system (Cowardin et al. 1979), and classified non-wetland waterbodies, such as streams,
according to flow regime (perennial, seasonal, etc.) and substrate (e.g., unconsolidated bottom, rock
bottom, etc.) as outlined in the Cowardin system (Cowardin et al. 1979). The wetland delineation report
(Westech 2015a), attached as Appendix C-1 (Westech, 2014) to this report describes technical
delineation and mapping methods used in this study.

2.3.3 Wetland Indictors

Evaluators of wetlands use Wetland hydrology indicators, hydric soils indicators, and hydrophytic
vegetation in combination to determine whether an area meets USACE criteria for wetlands
(Environmental Laboratory 1987; USACE 2010). Generally, consideration as a wetland requires the
presence of indicators of all three wetland components.

Hydrologic indicators of repeated, extended episodes of inundation or soil saturation (e.g., surface water,
saturation, oxidized rhizospheres along living roots, drainage patterns, geomorphic position, and frost-
heave hummocks) infer the presence of wetland hydrology (USACE 2010). Wetland hydrology indicators
within the Project occur adjacent to waterbodies, in sub-irrigated meadows, and at numerous springs and
seeps. One indicator is flowing surface water recorded in Sheep Creek, Little Sheep Creek, and Black
Butte Creek and in many of the tributaries to these streams. Another is standing surface water noted at
most wetlands throughout the Project, although in very limited quantities at many sites.

Hydric soils are defined as soils that are saturated, flooded, or ponded long enough during the growing
season to develop anaerobic conditions in the upper part (USDA Soil Conservation Service 1991).
Generally, hydric soils are saturated, flooded, or ponded for one week or more during the period when
soil temperatures are above biologic zero (41 degrees Fahrenheit or 5 degrees Celsius), as defined in
USDA Soil Conservation Service (1975). These soils typically support hydrophytic vegetation and exhibit
distinctive characteristics that result from repeated, extended periods of saturation; these characteristics
tend to persist in the soils during both wet and dry periods. Hydric soils occur within the sub-irrigated
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zone around Sheep Creek, Little Sheep Creek, Black Butte Creek, in various tributaries to these
waterbodies, and springs and seeps. In most of these locations the soils consist of finely textured clays
and clay-loams.

The USACE wetlands delineation methodology uses a plant community approach to determine whether
a site is dominated by hydrophytic vegetation, which are species that require or can tolerate prolonged
inundation or soil saturation during the growing season (Environmental Laboratory 1987; USACE 2010).
Hydrophytic vegetation within the 7,768 acre Project lease study area was divided almost equally
between shrub wetlands (Palustrine Scrub-Shrub) and herbaceous wetlands (Palustrine Emergent).
Forested wetlands (Palustrine Forested) and un-vegetated potholes or ponds (Palustrine Unconsolidated
Bottom) occurred in very limited areas. Table 2-16 lists the acreage of each wetland type according to its
Cowardin classification as well as the percentage of each type within the Project area.

Table 2-16. Wetland acreage and Percent by Cowardin Type

. Percent of Total
Cowardin Type? Acres Wetlands Acres
Palutrine Emergent (Herbaceous wetland) 152.6 46.4
Palustrine Scrub-Shrub (Willow dominated) 90.8 27.6
Palustrine Scrub-Shrub (Shrubby cinquefoil dominated) 82.8 25.2
Palustrine Forested (Englemann spruce dominated) 1.9 0.6
Palustrine Unconsolidated Bottom (Excavated pond) 0.5 0.1
Palustrine Unconsolidated Bottom (Natural depression) 0.2 0.1
TOTAL 328.8 100.0

! Cowardin et al. (1979)

2.3.4 Water Bodies

Guidance in searching for water bodies (often termed “streams” by the USACE even if flowing water is
not present) comes from the U.S. Army Corps of Engineers Jurisdictional Determination Form
Instructional Guidebook (USACE and EPA 2007) in conjunction with the definition of OHWM in 833 CFR
328.3(e) which states:

“The term ordinary high water mark means that line on the shore established by the
fluctuations of water and indicated by physical characteristics such as clear, natural line
impressed on the bank, shelving, changes in the character of soil, destruction of terrestrial
vegetation, the presence of litter and debris, or other appropriate means that consider the
characteristics of the surrounding areas.”

Surveyors mapped non-wetland waterbodies using sub-meter GPS, or drew the waterbody onto high-
quality aerial imagery where the feature was large enough to accurately map on a photo. Classification
of each waterbody according to hydrologic regime (perennial, seasonal, intermittent, and ephemeral) and
substrate followed the criteria of Cowardin et al. (1979). Several waterbodies occur within the Project
boundary. Sheep Creek is the largest stream, by flow volume, within the Project while Little Sheep Creek
is the longest stream within the Project. Very little stream length of Black Butte Creek occurs within the
Project. Several tributaries to these streams occur within the Project. Most waterbodies within the Project
area have an unconsolidated bottom with at least 25 percent streambed cover of particles smaller than
stones and vegetative cover less than 30 percent. Sheep Creek has the highest amount of rock cover,
but most stones are cobbles and gravels, not bedrock or boulders, placing this stream within the
unconsolidated bottom type similar to most other waterbodies within the Project area.
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2.3.5 Potential Waters of the US

Waters of the U.S. (WOTUS), as defined in 33 CFR Part 328, encompass all major streams and their
tributary streams, ponds, and adjacent wetlands. These waters have been determined to have significant
nexus with a traditional navigable water by rule, and are considered per se jurisdictional waters without
the need for additional study. Additional investigation, delineation, and avoidance/mitigation measures to
comply with Section 404(b)(1) of the Clean Water Act which provides regulations for all WOTUS to
determine where a “significant nexus” (connection) exists between other waters and a traditional
navigable water. USACE regulators, typically following a site visit with the Project team, may determine
that a water is “isolated” and not “jurisdictional”, and therefore not subject to regulation under Section
404. A non-jurisdictional determination is only applicable for Section 404 compliance—other federal or
state regulations may still apply. Tintina is currently working with the USACE on developing a jurisdictional
determination for the Project area.

2.3.6 Wetland Delineation Summary

The wetland delineation and waterbody survey of the Project area (Westech, 2015a) identified 328.8
acres of wetlands within the Project’s leased lands boundary (Figure 2.9 and listed in and shown on the
larger scale three (3) sheets entitled Wetland Delineation and Waterbody Survey) (Westech, 2015a). The
largest wetlands occur within the sub-irrigated herbaceous meadows and willow- or shrubby cinquefoil-
dominated wetlands surrounding Sheep Creek and Little Sheep Creek. Upland areas within these sites
are highly mesic (high moisture content), and the boundary between wetland and upland is often
indistinct. Surveyors estimated that approximately five percent of the area within these wetlands is
comprised of upland pockets. At the upper reaches, these wetlands generally transition to wider, dry
channels and swales where wetland features (hydrophytic vegetation and supporting hydrology) become
isolated and/or absent. Very small pockets of wetland also occur within the uplands at these sites, but
were estimated to account for less than 1 percent of upland area and were too small or indistinct to
delineate.

The majority of the remaining wetlands in tributaries to Sheep Creek and Little Sheep Creek, as well as
the wetlands surrounding Black Butte Creek, are a mosaic of shrub and herbaceous vegetation types.
The hydrology at most of these wetlands appears primarily groundwater driven. Small streams are
present but are themselves a function of local springs and do not appear to have enough water within
them to support the relatively large wetlands surrounding them. Based on observations during the
delineation, it appears that few of the wetlands within the Project are specifically dependent on streamflow
hydrology. Stockmen have developed many of the localized wetlands in the immediate vicinity of upper
drainage springs and seeps for livestock water and cattle have heavily trampled these areas.

Various species of willow or shrubby cinquefoil dominate approximately half of the wetlands within the
Project area by. Wetlands dominated by sedges as well as native and non-native grasses comprise the
majority of the remaining wetlands within the Project. The survey also delineated one, small forested
wetland dominated by Engelmann spruce; a series of small, wetland depressions with minimal
vegetation; and an excavated pond.

Surveyors recorded wetlands with fen characteristics within three (3) wetlands on the Project, wetlands
W-SCT1-02, W-LS-11, and W-LST1-06 (Westech, 2015a). Fens are a relatively rare wetland type in
Montana and can result in a high wetland functional rating.

Tintina Montana, Inc. 56 December 15, 2015



Northwest Springs and Depressions

(Category 1) Sheep Creek Spring Tributary

(Category 1)

LEGEND

Prolect Boundary

Fence

a0 W, ‘ ; ' o R O A : Assessment Area
Sheep Creek Tributary 2 _Sheep Greek: ) ‘ L . ,

(Category.lif) . ’ | : ‘ \(A(/ZettMead?r;/ e, g gre : ' Plot Location
' / § : " R P . ategory ! i ) ' :

L o

Upper Sheep Creek Shrub Wetlands | A
(Category 1) By Wetlands

Stream

Palustrine Emergent

ot E .
Loy Palustrine Forested

Palustrine Scrub-Shrub
(Willo1)

Palustrine Scrub-Shrub
B, T (Shrubby Cinquefoil)
T NS

& / gl : £ Little Sheep CreeR Y rib Ut/ > ’ : > 3.7 Little Sheep Creek | Ty = .. : A e R Palustrine Unconsolidated
Black Butte Creek - Zf i ’ I e (CRETOR I - TR SR S Wetland {Upland Mosaif . =™\ N e SN Bottom
(Categalm " i e > S | LT A (Categoryll) 47 - : Y/ 5 T . T,

Little Sheep Creek Tributary 2
(Gategory 1P

. LittlexsSheep Creek’ Fributary 1
Minor Dranages
(Category:lil)

Little.Sheep Creek Wet Meadow
: «(Category 1) A
Little Sheep:&reek

Upper Wet Meadow - ' N W AN ‘ / Aerial: 2013 NAIP
» ) So’ \ S r;(ﬁ‘;\ B . i Tolo: 20' Generated from % second NED

Categon:il
( g\_\‘y_ s A o5 A .'.w\\\, R

Category Rating Number [er Montana
Wetland Assessment Method (MWAM)
(Berglund and McEldoliney 2008).
Categories are rated | to IV, Uith | the
highest and IV the lo[est.

Scale 1" (11000’
500 1000

Feet

‘Southwest Miror, Drainages
o (Category i)

LU TN Y ESOURCES
Black Butte Copper Project
Wetland Delineation and

Functional Assessment
Map

Date: November 4 2015 F i g ure 2 .9

Source: Westech (2015)
Sheet 1 of 1

02/10/15 rWetlands_AA_Facilities.d1g [1:12,000




Black Butte Copper Project Mine Operating Permit Application

Table 2-17 summarizes wetland acreage within the Project. Table 2-18 summarizes stream length (feet)
within the Project. The tables summarize acreages and lengths by the local watershed for each wetland
or stream. Watershed names allow organization, identification and location of individual wetlands and
stream segments within the Project area, and equate to the USACE terminology of “Local Waterways”
(Westech 2014, Appendix A of the Westech report). With the exception of Black Butte Creek and Sheep

Creek, these watersheds do not relate to larger order watersheds.

Table 2-17. Wetland Acreage by Cowardin Type and Watershed
 Soaran Tyee —— oy
Project Watershed* Palustrine Pasl\;srtrgne Shrub Palustrine Unsglnussotlrilgsted Wa':gggﬁed
Emergent (Willow) éShrubby Forested Bottom (acres)
inguefoil)
Black Butte Creek 10.69 7.86 1.61 0.00 0.00 20.16
Black Butte Creek Total 10.69 7.86 1.61 0.00 0.00 20.16
Black Butte Creek Tributary 1 2.06 0.00 0.00 0.00 0.14 2.20
Black Butte Creek Tributary 2 0.02 0.00 0.00 0.00 0.00 0.02
Black Butte Creek Tributary 3 0.71 0.15 0.00 0.00 0.00 0.86
'Erséat‘;:( Butte Creek Tributaries 2.79 0.15 0.00 0.00 0.14 3.08
Little Sheep Creek 51.03 5.16 62.95 0.00 0.09 119.23
Little Sheep Creek Total 51.03 5.16 62.95 0.00 0.09 119.23
Little Sheep Creek Tributary 1 8.57 3.33 3.13 0.00 0.00 15.03
Little Sheep Creek Tributary 2 412 3.59 5.33 0.00 0.00 13.04
Little Sheep Creek Tributary 3 0.00 0.00 0.35 0.00 0.00 0.35
Little Sheep Creek Tributary 4 1.27 0.00 0.00 0.00 0.00 1.27
Little Sheep Creek Tributary 5 10.62 0.47 0.00 0.00 0.38 11.47
Little Sheep Creek Tributary 7 0.01 0.00 0.00 0.00 0.00 0.01
#gﬂj Sheep Creek Tributaries 24,59 7.39 8.81 0.00 0.38 4117
Sheep Creek 52.77 53.87 0.00 0.00 0.00 106.64
Sheep Creek Total 52.77 53.87 0.00 0.00 0.00 106.64
Sheep Creek Tributary 1 4.32 0.81 1.87 0.00 0.00 7.00
Sheep Creek Tributary 2 0.94 0.00 3.51 0.00 0.00 4.45
Sheep Creek Tributary 3 1.17 1.04 0.94 0.00 0.00 3.15
Sheep Creek Tributary 4 0.93 0.00 0.00 0.00 0.00 0.93
Sheep Creek Tributary 5 3.38 14.56 3.15 1.86 0.00 22.95
Sheep Creek Tributaries Total 10.74 16.41 9.47 1.86 0.00 38.48
Project Total 152.61 90.84 82.84 1.86 0.61 328.76

! Project watersheds are the specific, in many cases very small, watersheds within the Project area. With the
exception of Sheep Creek and Black Butte Creek these watersheds do not correspond to larger order watersheds.
In some cases, (e.g., Little Sheep Creek Tributary 6) a tributary is not listed in sequential order indicating that there
were no wetlands, only streams, within that tributary.
2See Cowardin et al. (1979) for further discussion. Note that emergent wetlands are dominated by herbaceous
species such as sedges and grasses. Unconsolidated bottom wetlands are those with a mud/silt bottom with limited

vegetation.
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Table 2-18. Summary of Stream Length (feet) by Cowardin Type and Project Watershed

i 2
Cowardin Type Total by
Project Watershed? Project
R3UB | R3RB | R3SB | R3AB | R4SB | \watershed

Black Butte Creek 3,256 0 0 0 0 3,256
Black Butte Creek Total 3,256 0 0 0 0 3,256
Black Butte Creek Tributary 1 0 3,226 0 0 852 4,078
Black Butte Creek Tributaries Total 0 3,226 0 0 852 4,078
Little Sheep Creek 29,606 0 0 0 0 29,606
Little Sheep Creek Total 29,606 0 0 0 0 29,606
Little Sheep Creek Tributary 1 4,862 0 0 0 2,903 7,765
Little Sheep Creek Tributary 2 713 0 0 0 0 713
Little Sheep Creek Tributary 4 0 0 0 0 2,307 2,307
Little Sheep Creek Tributary 5 1,215 0 0 0 0 1,215
Little Sheep Creek Tributary 6 709 0 0 0 0 709
Little Sheep Creek Tributary 7 0 0 0 0 1,373 1,373
Little Sheep Creek Tributaries 7.499 0 0 0 6,583 14,082
Total
Sheep Creek 6,663 0 0 0 0 6,663
Sheep Creek Total 6,663 0 0 0 0 6,663
Sheep Creek Overflow 0 0 0 0 9,446 9,446
Sheep Creek Overflow Total 0 0 0 0 9,446 9,446
Sheep Creek Overflow Tributaries 710 0 0 0 0 710
Sheep Creek Overflow Trib. Total 710 0 0 0 0 710
Sheep Creek Tributary 1 3,699 0 0 401 0 4,100
Sheep Creek Tributary 2 889 0 0 0 0 889
Sheep Creek Tributary 5 11,451 0 0 0 2,150 13,601
Sheep Creek Tributaries Total 16,039 0 0 401 2,150 18,590
Project Total 1637733226 | 0 | 401 |19031| 86,431

! Project watersheds are the specific, in many cases very small, watersheds within the Project
area. With the exception of Sheep Creek and Black Butte Creek these watersheds do not
correspond to larger order watersheds. In some cases, (e.g., Little Sheep Creek Tributary 3) a
tributary is not listed in sequential order indicating that there were no streams, only wetlands,
within that tributary.

2See Cowardin et al. (1979) for further discussion. Note: R = Riverine; 3 = Upper Perennial; 4 =
Intermittent; UB = Unconsolidated Bottom; RB = Rock Bottom; SB = Streambed; and AB = Aquatic
Bed.
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2.3.7 Functional Assessment of Wetlands

Based on a wetland delineation of the Project area completed by Westech (2015a), as well as data from
publicly available sources and Project-specific surveys, wetlands within the Project area group into
functional Assessment Areas based on similar ecologic and hydrologic indicators. Rating of each
Assessment Area followed the Montana Department of Transportation (MDT) Montana Wetland
Assessment Method (MWAM) method, which provides relative ratings of each wetland or group of
wetlands for as many as 12 wetland functions including:

¢ Habitat for federally listed or proposed threatened or endangered species
e Habitat for MTNHP S1, S2, or S3 Species of Concern

¢ General wildlife habitat

e General fish habitat

e Flood attenuation

e Surface water storage

¢ Sediment/nutrient/toxicant retention/removal

e Sediment/shoreline stabilization

e Production export/terrestrial and aquatic food chain support
o Groundwater discharge/recharge

¢ Unigueness

e Recreation/education potential

MDT and Montana Fish, Wildlife and Parks (FWP) first developed this wetland evaluation method in 1989
and have revised it several times based on field-testing at several hundred wetlands (Berglund and
McEldowney 2008). Montana Wetland Assessment Method is widely used in Montana and elsewhere. In
a 2004 evaluation of state- and tribe-developed wetland functional assessment methodologies, EPA
found Montana Wetland Assessment Method was one of seven systems (of forty evaluated) that met all
of EPA's criteria for consideration as a model for development of functional assessment methods
(Fennessy et al. 2004). The most recently available version of the MDT Montana Wetland Assessment
Method data form and guidance was used (Berglund and McEldowney 2008; on-line at:

http://www.mdt.mt.gov/other/environmental/External/wetlands/2008 wetland assessment/2008 mwam
manual.pdf).

The functionality report includes ratings for a total of 14 Assessment Areas. Figure 2.10 and on 3 larger
scale map sheets entitled Wetland Delineation and Waterbody Survey Assessment Map (Westech
2015b) show the locations of these area. Each Assessment Area consists of ecologically similar wetlands
that are hydrologically connected or adjacent to one another. In some cases, large, contiguous wetlands
were divided to better represent the qualities within a specific wetland reach. For example, in the Little
Sheep Creek watershed, wetlands were parceled into three groups for assessment purposes. The
wetland functional assessment report (Westech 2015b) provides further information on the methodology
for assessing wetland functions, forms, and photos.

Based on the hydrological, ecological, and biological properties of the wetlands and uplands within an
Assessment Area, each Assessment Area groups within one of four categories:

o Category I: exceptionally high quality wetlands, generally rare to uncommon in the state or
important from a regulatory standpoint; includes any Assessment Area that is documented
primary habitat for a federally listed threatened or endangered species
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e Category Il: more common wetlands than Category I; provide habitat for rare species and/or
provide high-quality fish or wildlife habitat, and/or have high values for other wetland functions

e Category lll: more common and generally less diverse wetlands than Categories | and Il

e Category IV: generally small, isolated wetlands that lack vegetative diversity, provide little wildlife
habitat, and are often anthropogenically disturbed.

A total of 14 Assessment Areas were rated. Table 2-19 lists each assessment area’s category
designation.

Table 2-19. MWAM Wetland Rating by Assessment Area

Assessment Area Category Rating Number?

Black Butte Creek Wetlands Il

Little Sheep Creek Wet Meadow I

Little Sheep Creek Upper Wet Meadow Il

Little Sheep Creek Wetland/Upland Mosaic Il

Little Sheep Creek Tributary 1 Il

Little Sheep Creek Tributary 1 Minor Drainages [

Little Sheep Creek Tributary 2 i

Sheep Creek Wet Meadow Il

Sheep Creek Tributary 1 [

Sheep Creek Tributary 2 [

Sheep Creek Spring Tributary I

Upper Sheep Creek Shrub Wetlands Il

Northwest Springs and Depressions i

Southwest Minor Drainages [

! Category Rating Number per Montana Wetland Assessment Method (MWAM)
(Berglund and McEldowney 2008). Categories are rated | to IV, with | the highest and
IV the lowest.

Two Assessment Areas were rated Category I, Little Sheep Creek Wet Meadow and Sheep Creek Spring
Tributary (Figure 2.9). Both of these Assessment Areas likely contain fens (wetlands W-LS-11 and W-
SCT1-02 respectively), resulting in a high rating for Uniqueness. Both Assessment Areas also have high
ratings for General Fish Habitat and Groundwater Discharge/Recharge, and contained documented or
suspected habitat for MTNHP Species.

Six Assessment Areas rated Category Il (Figure 2.9). Important attributes of these Assessment Areas
included: Groundwater Discharge/Recharge, Sediment/Nutrient/Toxicant Removal, Habitat for MTNHP
species, Sediment/Shoreline Stabilization, and in the case of Assessment Areas containing Sheep Creek,
Recreational/Educational Potential due to the Sheep Creek fishery. The primary difference between
Category | and Il Assessment Areas is the probable fens within the Category | wetlands resulting in a
higher total rating. One other Assessment Area, Little Sheep Creek Tributary 1, also may contain small
fens within the overall wetlands but rated lower on other functions, primarily the lack of fish or rare species
habitat, and thus scored a Category Il.

Six Assessment Areas were rated Category Ill (Figure 2.9). These Assessment Areas differ from
Category | and Il Assessment Areas primarily in the extent of wetlands within the Assessment Area (Little
Sheep Creek Tributary 1 Minor Drainages Assessment Area, Sheep Creek Tributary 1 Assessment Area,
Northwest Springs and Depressions Assessment Area, and Southwest Minor Drainages Assessment
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Area), the lack of connection to other wetlands (Little Sheep Creek Tributary 2 and Northwest Springs
and Depressions), and the general lack of consistent water or other habitat features. In general, the
Category Il wetlands appear to fit the concept of that category well: they are common types of wetlands
in the region, are not notably diverse, and generally do not provide high-quality wildlife or fish habitat, yet
they clearly provide greater functional values than a Category IV wetland. Two exceptions are the Little
Sheep Creek Tributary 2 Assessment Area and the Sheep Creek Tributary 2 Assessment Area. Both of
these Assessment Areas contain well-developed willow and herbaceous wetlands, numerous springs
and seeps, and documented or suspected habitat for MTNHP species. Both Assessment Areas scored
a 61 percent, near the criterion of 65 percent to rate as a Category Il wetland. The Little Sheep Creek
Tributary 2 Assessment Area rated lower due to lack of connection to other wetlands as the water from
this Assessment Area goes subsurface resulting in an upland barrier between this Assessment Area and
the remainder of the Little Sheep Creek Assessment Areas. Consequently, this Assessment Area did not
receive a score for General Fish Habitat or Flood Attenuation, and a low score for Export/Food Chain
Support. The Sheep Creek Tributary 2 Assessment Area likewise did not receive a score for these
functions as the stream is very minor and does not result in flooding or shoreline stabilization. Further,
the stream is isolated from Sheep Creek by at least 2 culverts preventing fish passage into this
Assessment Area.

2.4 Environmental Geochemistry

2.4.1 Introduction

The acid generation and metal release potential of waste rock, construction rock, and tailings to be
produced by the Project has been characterized using static multi-element analysis, acid-base
accounting, net acid generation potential, and kinetic methods. Mineralogical analyses of metal residence
and asbestiform mineral analyses were also completed. Results are reported through October 2015, with
some tests ongoing. Table 2-20 summarizes the number of tests completed by method, lithotype, and
tonnage for waste rock and construction materials in, and Table 2-21 provides a summary for tailings.
These test methods and their results are provided in detail in Appendix D (Enviromin, 2015) and are
summarized below.

Tintina proposes to mine waste rock from the Lower Newland Formation (Ynl), which contains both the
Upper Sulfide Zone (USZ) and the Lower Sulfide Zone (LSZ). Enviromin has defined operational
geochemical units for testing purposes based on mineralization and hydrogeology. Tintina’s proposal
includes mining waste rock from the footwall of the Lower Sulfide Zone (LZ-FW, 35% of waste rock
tonnage), the Lower Newland dolomitic shale and conglomerate below the USZ and above the Volcano
Valley Fault in the Johnny Lee deposit area (Ynl B, 32%), portions of the USZ containing no copper (USZ,
28%), and from the Lower Newland above the USZ (Ynl, 4%). Moving upward stratigraphically, the LZ-
FW represents a silicified conglomerate, stratigraphically below the LSZ, that consists of shale clasts
from both the lowermost Newland Formation and the Chamberlain Formation. The Ynl B consists of
interbedded dolomitic shale and shale-clast conglomerate and lies beneath the USZ, which consists of
stratabound bedded pyrite and contains the Upper Copper Zone. Undifferentiated dolomitic shale and
shaley dolomites of the upper part of the Lower Newland Formation (Ynl) overlie the USZ.

Specific tonnages for each waste lithotype are listed in Table 2-20. This rock will be exposed in
underground access workings and, temporarily, in active stopes. It will also be stockpiled for up to 2 years
on a lined surface pad prior to being co-disposed with cemented tailings early in mine life. Additional
waste lithotypes representing tonnages below 1% (including IG, Ynl O, Yne, and Yc) have also been
characterized (Appendix D)(Enviromin, 2015); those results are not discussed further here.
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Excavation and construction activities will involve shallow, weathered, near-surface bedrock deposits of
the Ynl and sill-form granodiorite intrusives and to address the nature of this material, an additional eight
(8) static ABA and NAG tests, as well as SPLP and asbestiform mineral characterization on composites
of granodiorite are underway. These tests were initiated subsequent to determination of final facility
locations in October 2015, and results will be available at a later time.

Operationally, tailings will be produced via flotation and blended with cement/binders to create cemented
paste tailings. Tintina proposes to use a drift and fill mining method, placing 45% of produced tailings
mixed with 4% cement as backfill into mined out underground stopes and access headings during
operations. The remaining tailings (approximately 55%) will be amended with approximately 2% cement
(and binder), and transferred as paste into a double lined and monitored surface tailings impoundment
(the CTF). The tailings impoundment design allows little or no water storage on the facility. Most waste
rock will be produced during construction of the decline and will be placed into the lowermaost CTF, where
it will subsequently be covered by paste tailings. Crushed waste rock placed around the sump will develop
a drain within the CTF, which will be encapsulated with paste tailings at closure. To provide information
for the alternatives analysis that will be required under MEPA, raw (hon-amended) tailings were therefore
tested along with cemented paste tailings with 2% and 4% binders, as well as 4% cement binder mixed
with 10% (by weight) waste rock (identified in figures and lab reports as “4%+ROM”) to simulate
alternative disposal methods. Tailings treatments were tested under both subaerial weathering and
saturated conditions.

2.4.2 Waste Rock Geochemistry
2.4.2.1 Static Testing of Waste Rock

Four-acid digestions followed by ICP-AES multi-element analysis (method MEMS61) to quantify whole
rock metal content were completed by ALS Laboratories (Sparks, NV). A total of 7,497 samples were
statistically analyzed to characterize overall geochemical variability within multiple lithotypes and to
identify representative sample subsets for static testing. Appendix D summarizes these data.

A total of 156 static tests of acid generation potential, using both acid-base accounting (ABA) and net
acid generation (NAG) methods, were completed by ALS Laboratories (Sparks NV) for the dominant
waste rock lithotypes. Results of ABA and NAG tests (Figure 2.10) indicate that the majority of Ynl B and
Ynl samples (90%) are unlikely to form acid, while many USZ and LZ-FW samples have an uncertain
potential or are likely to generate acid. Comparison of neutralization (NP) and acidification potential (AP)
in Figure 2.11 shows a similar relationship.

Energy Laboratories (Billings MT) completed static tests of metal mobility for composites of the 2012 Ynl
B, Ynl, and USZ lithotypes using EPA Method 1312, the synthetic precipitation leachability procedure
(SPLP). Because these tests show elevated pH values (> pH 9.5, a result of the presence of carbonate
mineralization), these results were considered to be an unrealistic prediction of pH-sensitive metal
concentrations. While they are presented and discussed in Appendix A of the 2015 Baseline
Environmental Geochemistry Baseline Report (Appendix D of this MOP) (Enviromin, 2015), they are not
discussed further here.

Asbestiform mineral testing was completed for all waste rock lithotypes by R.J. Lee Associates
(Monroeville, PA). Although these types of minerals are highly unlikely to occur in the lithotypes that will
be mined from the Project, these tests were conducted to meet regulatory requirements. No asbestiform
minerals were identified in any lithotype to be mined from the Project. Appendix D (Enviromin, 2015)
provides detailed methods and results for these tests
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Table 2-20. Black Butte Copper Project Waste Rock Tonnage and Environmental Geochemical Analyses by Lithotype

Waste

Tonnage rock % ABA/
Lithotypes Description Tonnage | ICP NAG SPLP | Minerals | AM | HCT
LZ-FW Silicified shale and debris flow 247,300 35| 542 15 0 0* 1 1
Ynl-B | Lower Newland basal conglomerates 226,100 32| 1334 35 2 2 2
usz Lower Newland upper sulfide 197,800 28 | 3590 49 2 2 2
Ynl Undifferentiated Lower Newland 28,250 4| 1129 57 2 1 2 1
GD Granodiorite (construction rock) thd nr| 123 8 1 o* 1* o*

Italicized text indicates ongoing testing

AM=Asbestos Mineral testing

*Tests planned

Construction rock to be excavated will be 1:1 Ynl and Granodiorite
Nr=not relevant tbd=to be determined

Table 2-21. Black Butte Copper Project Tailings Treatments and Related Testing

Tailings Test Table | ABA | NAG | ICP metals | Sat. HCT | Unsat HCT | Diffusion Test
Raw tailings X X X X X -
Paste tailings 2% X X X - X* -
Paste tailings 4% X X X - X* X
Paste tailings 4% and i i i i X+ X
Waste Rock

*Unsaturated HCTs conducted on intact cylinders, not crushed materials, as is indicated in the ASTM standard.
Italicized text indicates ongoing testing
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2.4.2.2 Kinetics Testing of Waste Rock

Kinetic tests of waste rock acid generation and metal release potential are currently underway at
McClelland Laboratories (Sparks, NV), following ASTM protocol D5744 for humidity cell tests (HCTSs).
McClelland Laboratories also conducted the 2013 kinetic test work. This test exposes samples to
alternating dry and humidified air, followed by weekly flushing to remove oxidation products; pH, alkalinity,
acidity, dissolved iron, and sulfate are measured weekly as indications of sulfide oxidation and acid
generation potential. All waste rock kinetic tests were conducted on composites of static test subsamples
from the individual lithologies.

Kinetic tests of Ynl B, USZ, and Ynl waste rock collected from the vicinity of the previously proposed
Johnny Lee decline were conducted between 2013 and 2014. The Ynl composite tested in 2013
consisted of subsamples that were representative of this lithotype site wide, but the Ynl B and USZ
composites did not have adequate site-wide representation. To address this limitation, additional tests of
these two waste rock units were initiated in 2015, using representative subsamples collected site wide.
Also, as a result of 2015 changes to the mine plan, LZ-FW was identified as roughly one-third of the
waste rock tonnage to be produced; and Tintina expanded geochemical characterization to include
analysis and compositing of representative samples for this unit as well. These three ongoing kinetic tests
are currently in week 19 (USZ and LZ-FW) and 17 (Ynl B) (as of 10/30/2015). As was done with the 2013
tests, and to ensure that all testing objectives have been met, these samples will remain online until they
attain steady state geochemical conditions and Tintina obtains regulatory approval for termination of
testing.

Results of all kinetic tests of waste rock material are summarized in Figure 2.12. Sulfide oxidation was
observed in HCT tests for the four volumetrically significant waste rock units. However, consistent with
static test results and the presence of abundant carbonate minerals, oxidation in the Ynl B, Ynl, and LZ-
FW tests has not produced sufficient acidity to deplete alkalinity nor have these tests produced acidic pH
values. Despite indications of sulfide oxidation, depleted alkalinity and increased acidity with lower pH
was only evident in the 2015 USZ test. Some of these tests are ongoing and, therefore, interpretation is
subject to change.

All assessments of metal release potential for waste rock lithotypes (tonnage >1%) and tailings have
been based on metal concentrations measured in kinetic test effluents in weeks 0, 1, 2, 4, and every 4
weeks thereafter. Appendix D (Environ, 2015) provides a detailed summary of metal release for kinetic
tests completed in 2013 and conducted in 2015.

Despite maintaining neutral pH in the test cells, the Ynl B and Ynl units showed potential to exceed
surface water quality standards for some metals in early weeks of kinetic testing. However, they do not
exceed groundwater standards after week 2. Transient concentrations of cadmium and iron, were
observed to exceed surface water standards and nickel exceeded the groundwater standard in week O
of Ynl testing. With no further evidence of release of these metals during the test, these week 0
exceedances were most likely related to sample preparation rather than to weathering in the column.
Selenium was observed to exceed surface water standards in weeks 0, 1, and 2, but not thereafter, while
thallium was detected in concentrations that exceeded groundwater standards in weeks 0, 1, and 2, and
in concentrations that exceed surface water standards thereafter. The Ynl B, in 2013 and 2015 tests,
exhibited release of lead, selenium, antimony, and thallium in excess of surface water quality standards
primarily in early weeks of testing (0, 1, and 2). The composites tested in 2012 and 2015 only exceeded
the groundwater standard for antimony and thallium, respectively, in week zero. The LZ-FW, though pH
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is neutral, has shown potential for release of several metals at concentrations above surface water quality
standards through week 16, and has exceeded groundwater standards in multiple weeks for antimony,
arsenic, and uranium, and for nickel in week 0. The USZ has also shown potential for release of multiple
metals in excess of surface water standards in multiple weeks. In week 1 of the 2015 test, concentrations
began to drop off, and by week 8 only cadmium, copper, lead and nickel remained at concentrations
exceeding surface water standards, while strontium and thallium exceeded both surface water and
groundwater (Appendix D) (Enviromin, 2015). With the exception of week 0, no groundwater criteria were
exceeded in leachate from the USZ 2012 test, but the 2015 sample did exceed groundwater standards
for arsenic, cadmium, beryllium, copper, lead, mercury, and nickel in weeks 0-2 of testing, and for Sr and
Tl throughout the test.

Because each of the waste rock lithotypes has some, if not significant, potential to generate acid or
release concentrations of metals in excess of water quality standards, all mined waste rock will be
encapsulated in paste tailings in the lined CTF impoundment. Furthermore, Tintina proposes to collect
all seepage from the waste rock stockpile, the cemented paste tailings impoundment, and the
underground workings for treatment to non-degradation standards for groundwater prior to discharge.
Potential for impact to surface and groundwater is therefore low.

In 2014, MT Tech Center for Advanced Mineral Processing completed mineralogical analyses using the
Mineral Liberation Analysis/scanning electron microscopy method on samples of waste rock, both pre-
and post-weathering, to evaluate the mineral residence of metals of interest, such as thallium and
selenium. The Ynl B (2013 sample) was comprised of quartz, dolomite, muscovite, potassium feldspar
and pyrite (1.6%); the Ynl sample showed similar composition, but also contained biotite, barite and
10.8% pyrite. The USZ, like the other Ynl units, contained quartz, dolomite, muscovite, and potassium
feldspar; it also contained 45% pyrite. No discrete mineral phases containing thallium or selenium were
identified, but analysis of the thallium and selenium content of heavy liquid separates (which separated
the lighter minerals, e.g., feldspars from the heavy sulfides) suggested that these elements which
occurred commonly in humidity cell effluent occur as trace substitutes in the sulfides. Appendix D
Enviromin, 2015) provides details on these analyses and results.

Predictive models of water quality in the underground workings during operations and at closure, on the
waste rock stockpile, and in the tailings impoundment sump are also being developed and will be reported
at a later time.
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2.4.3 Tailings Geochemistry
2.4.3.1 Static Testing of tailings

Splits of homogenized tailings reject produced in bench-scale metallurgical testing were used for all tests.
While there is some variation in AP and NP, ABA and NAG tests indicate that the tailings will have a
strong potential to generate acid with or without cement amendment (Table 2.22). The neutralization
potential resulting from the addition of 2% to 4% cement is not sufficient to neutralize the sulfide in the
tailings, although this was not the intent of cement addition. Cement was added to provide structural
strength in support of drift and fill mining methods underground, and to change the physical properties of
the material to a stable, non-flowable material with low hydraulic conductivities on the order of 10-° m/sec
in both surface and underground settings.

2.4.3.2 Kinetic Testing of tailings

Kinetic tests of raw (non-amended) tailings are ongoing at McClelland Laboratories and cemented paste
tailings tests are ongoing at Western Environmental Testing Laboratory (WETLab, Sparks NV). Table 2-
24 summarizes the tailings characteristics, testing methods and conditions, and ultimate disposition of
tailings in various scenarios represented by each kinetic test. Cemented paste tailings cylinders were
tested (without crushing) in conventional ASTM method D5744 (as described above for kinetic testing of
waste rock) humidity test cells to simulate sub-aerial weathering and were also tested using ASTM C1308
diffusion tests to simulate diffusion through backfill in saturated underground workings. The ASTM C1308
diffusion test involves the submergence of paste tailings cylinders (with a height:diameter ratio of 2:1) in
14 sequential deionized water baths over a period of 11 days; the test is designed to predict sulfide
reactivity and solute release as a result of diffusion. Raw (non-amended) tailings were also tested using
ASTM method D5744 (as described above for kinetic testing of waste rock), both sub-aerially and in a
modified, saturated test, to represent dry stack surface placement and subaqueous deposition
impoundment scenarios, respectively.

Acid generation parameters for all kinetic tests of tailings are shown in Figure 2.13, and Appendix D
(Enviromin, 2015) provides detailed results. In the diffusion tests, the 4% cemented paste (4%) and 4%
cemented paste with waste rock (4% + ROM, in figures and lab reports) cylinders showed differences in
sulfide oxidation. The 4% cemented paste cylinder maintained a variable but overall higher pH between
6.5 and 9.5, and produced more alkalinity throughout the test than the 4% cemented paste with waste
rock cylinder. Sulfate and acidity was low in diffusion tests of both materials, however. A similar
relationship was observed in the aerated HCT tests of these materials, which exhibited higher overall
oxidation. The 4% cemented paste maintained a pH between 5.0 and 5.5 through week 10 and the 4%
cemented paste with waste rock column declined to a pH of 4 in week 6. This indicates that the additional
of more neutralizing waste rock did not reduce sulfide oxidation.

Acid and sulfate production varied between the cemented paste treatments, with the 2% test exhibiting
greater oxidation than the 4% or the 4% cemented paste with waste rock test. All tests began at a pH
above 6, which was maintained for 1-4 weeks depending on treatment; the 4% cemented paste had a
pH of nearly 5 in week 9. The 4% cemented paste with waste rock test held a pH over 6 in week 3, which
declined to pH 4 by week 6. Although the weakly cemented 2% test cylinder generated less sulfate and
acidity than the raw (non-amended) tailings in the conventional, unsaturated HCT, its pH also dropped to
less than 3 by week 9. Given the fact that the 2% and 4% cemented pastes have very similar NNP and
NP/AP characteristics with obvious potential for acid generation (Table 2-22), the elevated acidity of the
2% test cylinder is explained by its disaggregation under leach in the HCT, which exposed significantly
greater amounts of sulfide to oxidation. The presence of rock fragments in the 4% cemented paste with
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waste rock cylinder also appears to have produced higher rates of sulfide oxidation by altering the
massive character of cemented paste tailings which controls sulfide exposure, as the pH of the 4%
cemented paste with waste rock cylinder was lower than that of the more strongly indurated 4% cemented
paste cylinder in HCT effluent. Raw (non-amended) tailings weathered in a conventional, subaerial
humidity cell were strongly acidic and showed a correspondingly high potential to generate sulfate and
acidity at low pH. In contrast, as of week 19, the saturated kinetic test showed much lower sulfide
oxidation and had maintained a circum-neutral pH of 6.9.

Tintina proposes to place 0.5 to 2% cement amended paste materials in its surface CTF, and to collect
and remove water from that impoundment continuously. Discharge of tailings seepage to surface water
is unlikely because mine-affected water will be treated prior to discharge to groundwater. The following
discussion, therefore, compares results to groundwater standards, with the exception of the saturated
humidity cell test of raw tailings, which represents surface water in a subaqueous tailings facility pond.

Metal release data for tailings kinetic tests are summarized in Figure 2.14 for select metals and provided
in detail in tables and figures in Appendix D (Enviromin, 2015). Although the initial rate of metal release
for cemented paste tailings was lower than raw tailings for most metals, the release rates of many metals
from the 2% cement paste HCT approached that of the unsaturated raw tailings HCT after 8 weeks, as
a result of disaggregation during testing. Metal concentrations in effluent from the 4% paste cement
backfill were lowest, and only exhibited isolated groundwater exceedances for copper, nickel and
thallium. Similarly, the 4% cemented paste with waste rock exceeded the groundwater quality standard
for thallium in all weeks of testing thus far, with isolated exceedances of copper and nickel. In the
unsaturated HCT of raw (non-amended) tailings, metal release potential was high, with regular
groundwater exceedances observed for numerous constituents. At the lower oxidation rate in the
saturated HCT of raw (non-amended) tailings, which is intended to represent tailings deposited in a
subaqueous impoundment, fewer metals exceeded relevant surface water quality standards and they
were detected at much lower concentrations. These tests remain online, and all interpretation is subject
to change based on future results.
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Table 2-22.  Static ABA and NAG pH Test Results for Raw and Paste tailings
NAG |NAG . AP | NP | NNP NaOH- HCI- . Total
Sample Identification @pH |@pH NAG F'?Z | | NP/AP Paste ToEaI leachable|leachable Sulf(:de Carbon Carb;)n
45 | 70 pH | Rating tCaCO3/Kt pH |[S (%) S (%) S (%) S (%) %) ate (%)
CA12185-JUN15 NA | NA | NA 1 802 | 2.0 | -800 | 0.003 | 3.23 | 25,5 NA <0.01 25.7 | 0.372 | 0.220
CA15079-JUL15 NA | NA | NA 1 935 | 0.1 | -937 | 0.00001 | 3.30 | 28.9 NA <0.01 29.9 | 0.304 | 0.100
Raw CA12531-JUL15 NA | NA | NA 1 781 | 0.1 | -783 | 0.00001 | 3.31 | 24.1 NA <0.01 25.0 | 0.459 | 0.145
tailings |CA15000-AUG15 NA | NA | NA 1 845 | 9.4 | -836 | 0.01 3.58 | 28.3 NA 1.29 27.0 | 0.406 | 0.295
CA14523-AUG15 NA | NA | NA 1 554 | 61.1|-493 | 0.11 392 | 214 NA 3.70 17.7 1.19 3.20
Enviromin Tails Sample | 282 | 406 | 2.2 1 775 | 0.1 | -780 | 0.00001 | 4.0 | 24.8 0.71 0.68 24.1 NA NA
Paste |C601-15 (2% Binders) |131.5|182 | 2.1 1 741 | 0.1 | -749 | 0.00001 | 3.8 | 23.7 2.08 1.15 21.6 NA NA
tailings |C586-15 (4% Binders) 124 (179.5| 2.3 1 744 | 9 | -738 | 0.012 7.9 | 239 1.99 1.19 21.9 NA NA
Negative NPs converted to 0.01 for calculation and graphing.
Table 2-23. Tailings Characteristics, Kinetic Test Methods and Facility Scenarios
- o - Action
tailings Characteristics Test Method Lab Represented Facility .
Scenario
4% binder ASTM C1308 diffusion WETLab Backfilled in flooded Proposed
workings
4% with waste co-disposal ASTM C1308 diffusion WETLab Backfilled in flooded Alternative
workings
2% binder ASTM method D5744 WETLab Cement paste in CTF, Proposed
unsaturated subaerial weathering
4% binder ASTM method D5744 WETLab Cement paste in CTF, Alternative
unsaturated subaerial weathering
4% with waste co-disposal ASTM method D5744 WETLab Cement paste in CTF, Proposed
unsaturated subaerial weathering
Raw ASTM method D5744 McClelland | Saturated tailings e.g., Alternative
(non-amended) modified saturated subaqueous impoundment
Raw ASTM method D5744 McClelland | Subaerial weathering, Alternative
(non-amended) unsaturated e.g., dry stack tailings pile
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Figure 2.13. Kinetic Test Results for Tailings with pH, Alkalinity, Acidity, and Sulfate.
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Kinetic Test Results for Tailings with Select Metals
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2.4.4 Environmental Chemistry Conclusions

The four volumetrically significant waste rock units have shown evidence of sulfide oxidation in the HCT
tests. However, consistent with the static test results and the presence of abundant carbonate
mineralization, acid generation from waste rock HCTs has been limited. Furthermore, metal production
from waste rock HCTs has been restricted to primarily isolated exceedances of ground and surface water
standards, with some elements, such as thallium, and selenium, occurring more frequently.

Due to the potential for release of various metals at different times in the expected weathering process,
waste rock will be encapsulated in paste tailings in the lined CTF impoundment. Furthermore, Tintina
proposes to collect all seepage from the temporary waste rock stockpile, the CTF, and the groundwater
from the underground workings for treatment to non-degradation standards prior to discharge via
underground infiltration galleries. Potential for impact to surface and groundwater is therefore low.

Results of the diffusion kinetic tests indicate that saturated 4% cemented paste tailings Tintina plans to
use for backfill is unlikely to become acidic and has potential to release only Tl in concentrations above
groundwater standards. Also, because of the extremely low hydraulic conductivity of this material,
potential to impact groundwater in a backfill setting is low. Results indicate that all of the cemented paste
amended tailings treatments have potential to oxidize after a lag time and to release at least some sulfate,
acidity, and metals if left exposed to air and water. Importantly, this is not observed immediately in test
cells, and the rate of weathering in a humidity cell is recognized to be up to 10 times greater than in the
field. Given Tintina’s proposed drift and fill method of mining, backfilled material will be exposed to less
air, thus reducing the production of sulfate, acidity, and metals. At closure, the backfill material will be
submerged in groundwater, reducing oxygen availability and resulting sulfide oxidation by orders of
maghnitude.

Additionally, in the CTF, each new lift of cemented paste tailings will behave as a massive block of
material with low transmissivity, with a thin upper surface that will be exposed to some degree of oxidation
before being covered by fresh cement-amended paste tailings within days of placement. The unsaturated
kinetic tests of cemented paste tailings reflect the type of oxidation to be expected along this surface,
while the diffusion tests better represent the majority of tailings placed in each lift. If waste rock is
scattered throughout tailings, the 4% cemented paste with waste rock cylinder will be most
representative. For waste rock placed locally and encapsulated by massive cemented paste tailings, the
outer rim is best represented by the 2% cement-amended cylinder HCT data, while the interior of the
paste tailings is best represented by 4% diffusion tests. If material is covered in a timely manner (on the
scale of weeks), relatively less oxidation, acidity, and leaching of metals is expected to occur and it would
be limited to the immediate surface of the cemented paste tailings. Also, any water interacting with
oxidized tailings will react with dominantly net neutralizing waste rock before being collected in a sump
within a lined facility for treatment.

At closure, the CTF will be covered with a geotextile membrane, which will be welded to the lower liner,
eliminating long-term exposure of the final lifts to oxygen and water. The double lined CTF with drainage
collection is designed to prevent discharge to surface water and groundwater. Thus, any solutes resulting
from oxidation and release of metals by cemented paste tailings within the CTF are unlikely to reach or
affect surface water or groundwater.

As an alternative to Tintina's proposed scenario for placement of 4% cement-amended tailings in
saturated underground workings, subaqueous placement of tailings appears to be most effective at
limiting sulfide oxidation. However, if a subaqueous impoundment alternative were to be considered,
some release of metals to the tailings pond would be expected to occur in concentrations that exceed
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surface water standards. Significant acid rock drainage would be expected to develop in subaerially
weathered, fine-grained “raw” tailings, suggesting that a “dry stack” management method for tailings is
not an ideal alternative scenario. Therefore, for management of surface placed tails as cemented paste,
with addition of waste rock, appears significantly superior to the subaqueous and dry stack alternatives.

2.5 Soil Resources

2.5.1 Soils Study Area

Tintina conducted an Order 2 soil survey within a 3,368 acre (1,363 ha) area which includes 285 acres
(115 ha) planned for construction of mine facilities (herein referred to as “Study Area,” Figure 2.15). The
survey provided descriptions, classifications of soil profiles to the family level, correlations these families
to map unit names provided in the existing NRCS soil survey. Additionally, collection of soil samples from
representative horizons allowed for analysis of physical and chemical properties in order to assess sail
suitability for reclamation. The remainder of this section summarizes the survey methods and results
while Appendix E (Westech, 2015b) provides a more detailed description including analytical data and
photos.

2.5.2 Soils Methods

Tintina completed an Order 2 soil survey in accordance with procedures developed by the NRCS (USDA,
1993). The survey began with a review of existing soils information (i.e. NRCS soil survey data, aerial
photographs, geologic maps, and other information) to identify the dominant soil series in the area and
to develop a preliminary soils map that included 28 proposed soil sample sites.

Field inventory activities completed in July 2015 included soil profile (pedon) observations, soil sampling,
and refinement of preliminary map unit boundaries. Soil samples collected from discreet horizons at each
of the 28 sample sites received analysis of soil texture, organic matter content, coarse fragment content,
pH, salinity/conductivity, and total arsenic, cadmium, copper, lead, and zinc concentrations.

Surveyors identified preliminary map unit boundaries in the field based on the results of pedon
descriptions and development of conceptual map units. A review of all available information including
laboratory results and final pedon classifications allowed a refinement of soil map unit descriptions and
boundaries

In addition to the Order 2 soil survey, surveyors completed field investigations to determine the hydraulic
properties of soils and shallow bedrock to support site selection for underground infiltration galleries
(Tintina Alaska, Inc. 2012, Appendix E). This work included constant head tests (ASTM D 3385-88 using
a double-ring infiltrometer) to measure saturated hydraulic conductivity of surface soil and shallow subsaoil
to evaluate suitability for operation of surface and shallow surface LAD systems such as sprinkler
irrigation systems. Deep (approximately 12 feet [3.7 m] (below ground surface) falling head percolation
test pits allowed measurement of hydraulic conductivity of underlying geologic materials to evaluate the
suitability underground infiltration galleries. Additionally, analysis of composite samples for saturated
paste extractable metal concentrations helped evaluate the potential for metal release from soils during
water application.

2.5.3 Soils Results

The study identified eighteen soil series in the Study Area and from these composed 23 map units (Figure
2.15). Table 2-24 lists the map units, their composition (i.e., the proportion of the map unit occupied by
each soil series), and other data.
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Table 2-24.  Summary of Map Units in Black Butte Copper Study Area
Acres Percent
Map . Slope . - . . in of
Unit Map Unit Name 0 Map Unit Composition (% by Soil Series)
symbol (%) Study Study
Area Area

Ad-b Adel loams 5-15 Adel 80% / Medicinelodge 10% / Caseypeak 5% / Kimpton 5% 26.9 0.8
Ch-b Cheadle, channery loams 5-15 Cheadle 80% / Wineglass 10% / Duckcreek 5% / Medicinelodge 5% | 798.5 23.7
Cl-a Clunton, clay loams 0-5 Clunton 90% / Wineglass 10% 26.5 0.8
Cp-c Caseypeak, skeletal loams 15-40 | Caseypeak 80% / Woodhall 10% / Kimpton 10% 220.3 6.5
Cp-d Caseypeak, skeletal loams - steep 40-70 | Caseypeak 90% / Woodhall 5% / Kimpton 5% 79.3 2.4
Dc-a Duckcreek, clay loams 0-5 Duckcreek 90% / Cheadle 5% / Medicinelodge 5% 138.0 4.1
Fa-b Farlin, clay loams 0-5 Farlin 90% / Medicinelodge 5% / Raynesford 5% 46.5 14
HI-b Houlihan, sandy loams 5-15 Houlihan 80% / Kimpton 10% / Caseypeak 5% / Cheadle 5% 55.6 1.7
Kp-c Kimpton, skeletal loams 15-40 | Kimpton 80% / Caseypeak 10% / Woodhall 10% 329.7 9.8
Kp-d Kimpton, skeletal loams - steep 40-70 | Kimpton 90% / Poin 5% / Woodhall 5% 127.7 3.8
Lb-b Libeg, clay loams 5-15 Libeg 90% / Caseypeak 5% / Cheadle 5% 197.8 5.9
Ml-a Medicinelodge - frequently flooded 0-5 Medicinelodge 80% / Duckcreek 10% / Redfish 10% 256.4 7.6
MI-b Medicinelodge - occasionally flooded | 5-15 Medicinelodge 90% / Wineglass 5% / Woodhurst 5% 71.7 21
Pn-b Poin, skeletal sandy loams 5-15 Poin 90% / Cheadle 5% / Kimpton 5% 200.8 6.0
Rc-b Redchief, silty loams 5-15 Redchief 90% / Kimpton 5% / Woodhall 5% 86.5 2.6
Rf-a Redfish, occasionally flooded 0-5 Redfish 90% / Medicinelodge 10% 31.5 0.9
Ry-b Raynesford, silty clay loams 5-15 Raynesford 90% / Duckcreek 5% / Farlin 5% 67.5 2.0
Se-b Sebud, gravelly loams 5-15 Sebud 90% / Cheadle 10% 35.7 1.1
Wa-b Woodhall, skeletal loams 5-15 Woodhall 80% / Caseypeak 10% / Kimpton 5% / Redchief 5% 297.8 8.8
Wg-b Wineglass, channery clay loams 5-15 Wineglass 80% / Cheadle 10% / Clunton 5% / Medicinelodge 5% 166.4 4.9
Wu-b Woodhurst, skeletal loams 5-15 Woodhurst 90% / Caseypeak 5% / Kimpton 5% 58.2 1.7

DL Disturbed Land Varies | Disturbed Land 100% 36.9 1.1
RO Rock Outcrop 30-90 | Rock Outcrop 90% / Woodhall 5% / Libeg 5% 11.3 0.3

Total | 3,367.5 | 100
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The following sections summarize relevant physical and chemical properties of the map units, which may
limit the suitability of these soils for salvage operations. Appendix E (Westech, 2015b) provides more
detailed descriptions of the suitability of individual map units.

The DEQ (1998) and EPA provide soil salvage suitability guidelines are provided by which include such
characteristics as coarse fragment content (i.e., greater than 50 % coarse fragments are unsuitable for
salvage), slope steepness (slopes greater than 2 to 1 are unsuitable), and other characteristics.

2.5.3.1 Physical Properties of Soils

Physical soil properties that can affect suitability for salvage include texture, coarse fragment content,
depth to bedrock, depth to groundwater, slope, organic matter content, and erosion potential.

Certain soil textures such as clay, silty clay, sand, and others can pose suitability problems in regards to
soil handling and site stability. Three of the 28 pedon locations observed in the Study Area contained
horizons with unsuitable clay textures. However, undesirable soil textures will not significantly impact the
reclamation potential of soils due to the limited distribution of these soils in the Study Area. Mechanical
mixing of soils during the salvage and redistribution processes will result in soils with suitable textures
upon reclamation.

Coarse fragment concentrations greater than 50 % can inhibit reclamation success. Thirteen of the 28
observed pedons included horizons with coarse fragment concentrations ranging from 50 % to 90 %. The
majority of these coarse fragments consisted of gravels less than 3-in in diameter, which often do not
impede salvage potential. However, Adel, Caseypeak, Poin, and Woodhurst soils also contain larger
sized fragments that can limit soil suitability.

Shallow depths to bedrock or groundwater can limit salvage suitability by providing a relative lack of soil
or restricting equipment operation. Eleven of the observed pedons occurring in the Caseypeak, Cheadle,
Kimpton, Poin, Redchief, and Woodhall soil types had shallow depths to bedrock ranging from 3 to 30 in
below ground surface. The Clunton, Medicinelodge, and Redfish soils had shallow depths to groundwater
ranging from 10 to 32 in below ground surface.

Slopes greater than 50%, such as those found in or near dissected drainages, steep ridges, or rock
outcrops, limit soil salvage operations due to safety hazards associated with heavy equipment use. The
Caseypeak soil type within Map Unit Cp-d and the Kimpton soil type within Map Unit Kp-d both occur on
slopes ranging in steepness from 40% to 70%.

Organic matter content is considered a beneficial soil characteristic as it is directly related to soil fertility.
Guidelines describing minimum desirable organic matter content vary, however 2% or greater is generally
considered suitable for salvage and reclamation. The soils sampled in the Study Area had organic matter
contents that ranged from 1.9% to 49.4% and averaged 9.7% in the upper 12 inches (30.5 cm) of the soil
profile. Deeper horizons averaged 5.1%. No soils within the study area are considered unsuitable based
on organic matter content.

Susceptibility to wind and water erosion negatively affects soil suitability for salvage. The soil erodibility
factor (K-Factor) allows assessment of erosion potential due to water while Wind Erodibility Group rating
(WEG) (USDA, 2009 and 2013) allows assessment of wind erodibility. Appendix E (Westech, 2015b)
gives a more detailed description of K-Factor and WEG. Soils in the Study Area generally exhibit low to
moderate susceptibility to erosion.
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2.5.3.2 Chemical Properties of Soils

Chemical properties affecting soil suitability for reclamation include pH, electrical conductivity, and
concentrations of certain metals or metalloids including arsenic, cadmium, copper, lead, and zinc.

Soils with pH values below 5.5 s.u. or above 8.5 s.u. are not recommended for plant growth or
establishment and are considered unsuitable for salvage (Brady and Weil, 1999). This study measured
suitable pH values in all samples except for acidic pH values measured in one horizon each from the
Kimpton, Liberg, Medicinelodge, Redchief, and Woodhall soils. An additional pedon excavated in the
Poin soil had acidic pH values in the three horizons occupying the 0 to 16 inch (0 to 41 cm) depth
increment. This study indicates no adverse impacts on vegetation from salvaged soil due to the
prevalence of neutral pH in the majority of soils in the Study Area, despite the presence of some acidic
soil horizons.

Electrical conductivity measures the concentration of soluble salts, or salinity, in the soil. Elevated salinity
can hinder plant establishment and growth by preventing uptake of water by plant roots. Soils with
electrical conductivity values greater than 4 mmhos/cm are considered undesirable for topsoil while soils
with values greater than 8 mmhos/cm are undesirable for subsoils (DEQ, 1998). No soils in the Study
Area exhibit electrical conductivity values that exceed DEQ topsoil or subsoil guidelines.

The study measured concentrations of arsenic, cadmium, copper, lead, and zinc for comparison to DEQ
and EPA screening levels or action thresholds (EPA, 2015 and DEQ, 2005). Three pedons contained
horizons with arsenic concentrations above the 40 mg/kg DEQ action threshold, two horizons had copper
concentrations above the 310 mk/kg and 410 mg/kg EPA residential and industrial screening levels, and
three horizons exceeded various EPA screening levels for lead. No samples exceeded guidelines for
cadmium or zinc. The bulk of the limitations listed above occurred at pedon location BB-18 excavated in
the Woodhurst soil type.

2.5.3.3 Suitability of Soils by Soil Series

The primary physical properties limiting soil salvage are high coarse fragment content, shallow bedrock,
and shallow groundwater. Chemical properties limiting salvage include low pH and elevated
metal/metalloid concentrations. A review of each of the soil pedon descriptions determined the most
appropriate salvage depth for each soil series in consideration of the various limitations. Table 2-25
presents the recommended salvage depth for each soil series, the map unit that the series occurs in, and
the limitations which formed the basis for the salvage depth determination was based.
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Table 2-25.  Summary of Recommended Salvage Depths
: : Map Unit | 15t Lift Depth? | 2" Lift Depth? oo
Soil Series SyrF;boIl (Inches[; (Inches[)) Limitation
Adel Ad-b 12 -- Coarse fragments, arsenic
Caseypeak Cp-c,Cp-d | 6 -- Coarse fragments, bedrock, slope
Cheadle Ch-b 6 -- Coarse fragments, bedrock,
Clunton Cl-a 12 36 None®
Duckcreek Dc-a 12 36 None
Farlin Fa-b 12 36 Clay
Houlihan HI-b 12 -- Coarse fragments
Kimpton Kp-c, Kp-d | 12 -- Coarse fragments, pH, slope
Liberg Lb-b 12 -- Coarse fragments, pH
Medicinelodge | Ml-a, MI-b 12 24 Coarse fragments, shallow groundwater
Poin Pn-b 12 -- Coarse fragments, pH, bedrock
Raynesford Ry-b 12 24 Clay
Redchief Rc-b 12 12 Coarse fragments, pH
Redfish Rc-b 12 24 Coarse fragments, shallow groundwater
Sebud Sbh-b 12 12 Coarse fragments
Wineglass Wg-b 12 12 Coarse fragments
Woodhall Wa-b 12 -- Coarse fragments, arsenic, pH
Woodhurst Wu-b -- -- Coarse fragments, arsenic, copper, lead

! Italicized font indicates that the soil series is present in, but should not be salvaged from, the respective map

unit.

2 Listed depths are measured from non-disturbed soil surface. In other words, if Lift 1 = 12 inches and Lift 2 = 36

inches, a 24-inch thickness of material should be salvaged for Lift 2.

3 Upper 6 inches of this soils are accumulated organic material that should not be included in mineral soil volume

calculations.

2.5.3.1 Hydraulic Properties of Soil and Shallow Bedrock

The study included deep percolation tests completed at six locations and double-ring infiltrometer tests
completed at nine locations in areas in the vicinity and representative of the locations proposed for the
underground infiltration gallery construction (Figure 2.15). These locations occur within map units Ch-b,
Pn-b, and Wg-b.

In general, surface soil horizons within map units Ch-b and Wg-b had limited ability to infiltrate water due
to clay concentrations that increased with depth and resulted in decreased hydraulic conductivity in the
typically shallow subsoil. Therefore, land application via surface irrigation or shallow drain fields would
not provide optimum efficiency in these areas and may only be possible on a seasonal basis or of limited
duration. This finding is consistent with NRCS data which rates these soils’ ability to infiltrate water as
“very limited” due to slow water movement based on modeled results (NRCS, 2011). Conversely, soils in
map unit Pn-b of a more sandy texture infiltrated water much more quickly compared to other soils. This
map unit is preferred for water disposal strategies involving surface irrigation. At test area BB1 within
map unit Pn-b the soil surface and the underlying bedrock had similar hydraulic conductivities,
approximately 10.3 feet/day (3.1 m) which equates to a water disposal capacity of approximately 2,300
gpm (8,700 Lpm) per acre (3,480 L/ha) of land surface (Tintina Alaska, Inc. 2012, Appendix E).
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Soils within map unit Ch-b (test sites SP-10, SP-11, and BB2), Wa-b (test sites 2015-A, -B, -C and -D)
and map unit Wg-b (test sites BB3 and BB5) were shallow but overlay highly fractured shale parent
material. This shallow bedrock had relatively high hydraulic conductivities and therefore these map units
are preferred as sites to construct underground infiltration galleries. Infiltration capacities of the shallow
bedrock within map units Ch-b and Wg-b were similar and on average equated to a water disposal
capacity of 6,000 gpm per acre (9,080 L/ha) of underground infiltration gallery trenching. Infiltration
capacities measured in Map Unit Wa-b were somewhat less and average 1,765 gpm per acre (2,670
L/ha). It is important to note that it is not technically possible to discharge water evenly across the entire
land surface area using a subsurface piping system. Therefore the discharge rates described for such a
system should be considered the maximum volume possible per unit trenching area and not the amount
possible per total unit land surface area.

This study submitted a composite sample of the A and B horizons from map unit Ch-b for analysis of
saturated paste extractable metals. Metal concentrations were below the practicable quantification limits
for most metals. Table 2-26 lists detected metal concentrations and Appendix E (Westech, 2015b)
includes the laboratory report with limit values for non-detected metals. These data show that aluminum,
barium, copper, iron, and manganese can be mobilized from area soils but it is not clear whether in-situ
conditions would result in concentrations exceeding pertinent standards in run-off or seepage from LAD
areas or underground infiltration galleries.

Table 2-26. Summary of Saturated Paste Extractable Metal Analysis

e : Aluminum Barium Copper Iron | Manganese
Identification Horizon -
Saturated Paste Extract Concentration (mg/L)
: A 3.3 0.4 0.02 2.98 0.18
Map Unit Ch-b
B 3.9 0.3 0.01 5.81 0.53

2.6 Terrestrial Wildlife Resources

2.6.1 Wildlife Study Area and Methods

Terrestrial wildlife resources in the Project vicinity were evaluated for four seasons in 2014-2015 (Farmer
2015). A study area of approximately 5,290 acres (2,141 ha) ranged from the Sheep Creek bottomlands
south and west through the adjacent uplands, and encompassed the permit area and associated facilities
areas. Incidental observations near the study area were also recorded.

Elevations in the area are comparatively high, ranging from approximately 5,400 feet (1,646 m) in the
east to approximately 6,200 feet (1,890 m) in the south, and averaging approximately 5,700 feet (1,737
m). Consequently, winters are comparatively long and cold, with deep snows, while summers are cool.
Wildlife habitat diversity (Figure 2.16) (primarily Douglas-fir, sagebrush and bunchgrass with several
minor types) in the study area is considered to be good, but the high elevations and harsh seasonal
conditions appear to limit both wildlife species richness and favor limited seasonal use. A wildlife
resources technical report is included as Appendix F (Westech, 2015c).
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2.6.2 Wildlife Observed

The study recorded a total of 83 species (0 amphibians, 1 reptile, 20 mammals and 62 birds) in the study
area in 2014-2015. Although the area has limited habitat availability for some species, all of the species
recorded during the study were expected, based on habitat availability. The total number of species is
undoubtedly low because many species are difficult to observe by the methods employed during the
evaluation. Nevertheless, the Project area is considered to support good wildlife species richness.

The evaluation recorded no amphibians (although see Section 2.7.7 that identified a Columbian Spotted
Frog (Rana columbiana) near Sheep Creek during aquatic sampling). Appropriate breeding habitat in the
study area was limited to several small ponds, most of which were seasonal. The study noted no adults,
egg masses or larvae at any of these sites. The only reptile observed was the common garter snake
(Thamnophis elegans), which was recorded in a drainage near wetlands.

Big game species recorded in 2014-2015 include pronghorn, elk, mule deer, white-tailed deer and black
bear. Pronghorn inhabited upland, non-forested habitats from spring through early autumn, and wintered
at lower elevations several miles to the west. The study area is transitional range for elk; few were present
in summer, and most use occurs in spring and autumn when elk move to/from winter range at lower
elevations to the west. Mule deer inhabit the area in low numbers year-round and white-tailed deer were
present in low numbers from spring through autumn, particularly along Sheep and Little Sheep Creeks.
The study noted occasional reports of black bear from spring through autumn; and no one has
documented denning in the study area.

The study recorded only the dusky grouse as an upland game species observed was, which some regard
as uncommon.

The study recorded eleven species of raptors (vultures, eagles, hawks, falcons and owls) in the vicinity
in 2014-2015: bald eagle, golden eagle, red-tailed hawk, ferruginous hawk, rough-legged hawk, northern
harrier, sharp-shinned hawk, northern goshawk, American kestrel, great horned owl and great gray owl.
The study located no nests of any raptors in the area.

2.6.3 Proposed or Candidates for Listing under the Endangered Species Act

The USFWS (2015) identified three terrestrial wildlife species that are listed or proposed candidates for
listing under the Endangered Species Act for Meagher County. These include: Canada lynx (listed
threatened), greater sage-grouse (candidate) and Sprague’s pipit (candidate).

The dominant vegetation constituting lynx habitat in the Northern Rocky Mountains is subalpine fir,
Engelmann spruce and lodgepole pine. Dry forest types (e.g., dry Douglas-fir found in the Project area)
do not provide lynx habitat (USFWS 2014). The Project area does not have the preferred habitat for the
Canada lynx and the probability of a sighting in the area is considered to be very low. The USFWS (2014)
delineated Designated Critical Habitat for the Canada lynx in Montana does not include Meagher County.

The greater sage-grouse (sage-grouse) is considered to be a sagebrush-dependent species (e.g.,
Connelly et al. 2011). There are known sage-grouse leks (display sites) 10-13 miles from the Project
area, but there are no occurrences recorded within 10 miles (MTNHP 2015b).

Sprague’s pipits prefer flat-to-gently rolling native mixed-grass prairie with intermediate height grasses
(4-10 inches, 10 to 20 cm), little bare ground or club moss, no or few shrubs and no trees. They do not
nest in patches of habitat less than 70 acres (28 ha), and prefer patches greater than 350 acres (142 ha)
in size. Based on this description, the Project terrestrial wildlife study areas do not have the preferred
requirements of the Sprague’s pipit habitat.
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2.6.4 Montana Vertebrate Species of Concern

Montana has established lists of vertebrate animal Species of Concern (MTNHP and FWP 2015). These
lists comprise three categories: Species of Concern are “...considered to be "at risk" due to declining
population trends, threats to their habitats, and/or restricted distribution.” Potential Species of Concern
are “...animals for which current, often limited, information suggests potential vulnerability or for which
additional data are needed before an accurate status assessment can be made.” Special Status Species
“...have some legal protections in place, but are otherwise not recognized as federally listed under the
Endangered Species Act and are not Montana Species of Concern.”

The study area eleven such species were recorded in 2014-2015 field work:
e Special Status Species: the study recorded a single sighting of a transient bald eagle.

e Potential Species of Concern: The study recorded occasional evidence of porcupine (chews)
in Douglas-fir habitat, and noted rufous hummingbirds in the area in August, but noted no nesting
sites.

o Species of Concern: The study recorded occasional sightings of great blue herons along Sheep
Creek but no nesting in or near the area; three sightings of transient golden eagles; and one
sighting of a northern goshawk in spring but no nests noted. The study also included two
observations of transient ferruginous hawks, both in autumn; and a single sighting of a great gray
owl, in early autumn. The study area and vicinity has suitable habitat available, but the study
recorded no owls in the area during the nesting season. Clark’s nutcrackers inhabit the study area
on a regular basis; Baird’s sparrows inhabit big sagebrush and bunchgrass habitats in spring; and
bobolinks enjoy the hay and tame pasture in late summer. The study considered both Baird’s
sparrows and bobolinks as migrants.

2.7 Aquatic Resources

It is important to document existing water quality, baseline aguatic community surveys, and stream
habitat conditions in the study area prior to any actual mine development. In this study, habitat evaluations
were based on the health and diversity of aquatic populations of fish, mussels, macroinvertebrates and
periphyton.

2.7.1 Aquatics Study Area and Methods

Morrison-Maierle conducted initial Baseline Aquatic Surveys during the fall of 2014 and the spring and
summer of 2015. The first year of seasonal baseline surveys for the assessment of fish, mussels,
macroinvertebrates, periphyton and habitat evaluation at sites in the Project area and Sheep Creek
drainage basin used Tenderfoot Creek as a reference reach. Project goals were:

1. Standardized surveys and collection of baseline information on the aquatic communities present
at stream sites associated with established surface water-quality monitoring sites prior to mine
development, and

2. An assessment of aquatic community integrity with key indicators comparing these against biotic
thresholds of reference condition standards.

These 2014 and 2015 data represent the first year of a multi-year, seasonal, reach-scale baseline
conditions to be completed prior to proposed mine activity (i.e., pre-impact sampling design).
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Surveyors performed habitat assessments, and macroinvertebrate, mussel, periphyton and fish surveys
on similar dates along the same stream reaches of Sheep, Little Sheep and Tenderfoot Creeks in both
2014 and 2015. Figure 2.17 and Figure 2.18 are maps of baseline aquatic survey sampling sites for the
Sheep Creek and Tenderfoot drainages, respectively. These surveys used a Before, After, Control and
Impact (BACI) sampling design with Before, After, and Control sample sites both at upstream and at off
site reference locations; and Impact sample sites both within and downstream of proposed mine activity.
Surveyors sampled Coon Creek, another potential impact site, for fish in 2014 and macroinvertebrates
in 2015. In total, surveyors sampled nine stream reaches in 19 fish sampling events, and collected nine
macroinvertebrate and eight periphyton samples at established water quality sampling sites during the
survey visits. The survey included visual inspection of all stream reaches for mussels and amphibians.
Calculations for biological community integrity for nine survey reaches and 19 fish surveys used fish
Integrated Biotic Indices (IBIs) and Observed/Expected models (O/E), while assessments of the nine
macroinvertebrate and eight periphyton samples used DEQ’s multi-metric indices (MMIs). Appendix G
(Morrison-Maierle, 2015) contains a detailed technical report on aquatic resources.

2.7.2 Habitat and Water Quality Evaluations

Hydrometrics, Inc. has conducted water quality sampling at four aquatic community (AQ) sampling sites
quarterly over a four year period beginning in the spring of 2011. Of the nine aquatic sampling reaches
evaluated in the study area, the survey found five in Proper Functioning Condition (PFC) with a stable
trend, and found four it deemed Functional at Risk (FAR). Sites received a FAR ranking either because
they had riparian habitat altered by cattle (Little Sheep AQ8, Sheep Creek AQ2, Tenderfoot AQ5) or by
human stream manipulation (Sheep Creek AQ1 and AQ2). The study, using both the BLM Habitat and
Proper Functioning Condition (PFC) Assessment methods, gave the highest site integrity scores to the
Sheep Creek upper (AQ3) and lower (AQ4) reaches and Tenderfoot Creek (AQ®6). It is important to note
that the riparian habitat of the lower reference reach on Tenderfoot Creek (AQ5) is moderately degraded.

2.7.3 Fish Communities

Overall, the study identified seven fish species and one hybrid (four native / four introduced) from 3,862
individuals collected during 19 stream reach surveys (Morrison- Maierle, 2014 and 2015). The average
number of fish species per site across the study area was 3.6 with a standard error of + 0.6, while the
average number of native fish species was 1.5 with a standard error of + 0.4. Rocky mountain sculpin
comprised the highest proportion of total individuals collected at 72%, and had 100% site occupancy
(n=8); and at the other extreme, the study showed that Coon Creek has no fish. The other native species,
mountain whitefish, longnose dace and white sucker, had site occupancy rates of 38 %, 13 %, and 13 %,
respectively. Sheep Creek (AQ3), the most diverse fish site in the study area has seven species, four of
which are native. The surveys identified no fish species of concern (SOC). The surveys collected rainbow
trout at seven of eight 8 sites, and reported brook trout at four sites (Little Sheep Creek and Sheep Creek
AQ2 and AQ3). Rainbow trout densities during fall 2014 in Sheep Creek (AQ1) (avg. 1,968 per mile) were
most similar to the reference reach, Tenderfoot Creek (avg. 1,075 per mile). Seasonal salmonid densities
at all sites varied significantly. The study developed significant length / weight relationships and size-
frequency tables for sculpin, rainbow, brook and brown trout as baseline population indicators.
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2.7.4 Mussel Surveys

Within the Project area, no previous surveys identified the western pearlshell mussel (WEPE), a Montana
SOC well documented in the Smith River basin. Therefore, the study included a specific search for WEPE
in all stream reaches (approximately 1 man-hour per 980 feet (300m reach)) with aqua-scopes using a
longitudinal transect survey technigue covering all stream geomorphic units. This provided no evidence
of WEPE presence (live or dead shells) during the surveys in Sheep, Little Sheep or Tenderfoot
(Morrison-Maierle, 2015) Creeks. In addition, the study found no shell fragments which would have
indicated earlier historic populations.

2.7.5 Macroinvertebrate Communities

This study records one hundred and twelve (112) unigue macroinvertebrate taxa from the eight
macroinvertebrate assessment samples collected in 2014 and the one sample collected in 2015. The
study collected no Montana SOC invertebrates, but the macroinvertebrate community at the Sheep Creek
AQ4 site had very high integrity that resembled the integrity of the reference Mountain Stream (Tenderfoot
Creek). Sheep Creek AQ4 also reported the highest taxa richness (60 species) and the highest number
of combined mayfly, caddisfly, and stonefly taxa (EPT) at 19 species. The EPT Index uses three orders
of aquatic insects that are easily sorted and identified and is commonly used as an indicator of water
guality. Tenderfoot Creek reported the highest integrity scores ranked by DEQ MMI protocols (avg. 70),
while Sheep Creek sites averaged 61.4, which was significantly lower, and ranked slightly impaired by
DEQ thresholds. Average macroinvertebrate richness across all sites was 44.7 taxa, while EPT taxa
averaged 15 per site. Both Little Sheep Creek sites ranked impaired by DEQ Mountain MMI with scores
<63, but ranked unimpaired with the Low Valley MMI with scores >48. The DEQ MMI ranked upstream
and downstream reaches of the Sheep Creek treatment sites similarly.

2.7.6 Periphyton Communities

Overall, eight periphyton assessment samples collected in 2014 contained 146 unique diatom and algae
taxa from eight periphyton assessment samples collected in 2014. No periphyton species are listed as
SOC in Montana. Diatoms were the most dominant taxa in six of eight study sites. Sheep Creek AQ3
reported the highest taxa richness (71 spp.), while the average peripyton richness per site was 57 taxa.
Based on Teply’'s Diatom Index (TDI), the lower site Sheep Creek AQ1 had the highest probability
(61.4%) of impairment, and other Sheep and Little Sheep Creek sites had less than a 33% chance of
being impaired. Sites that the TDI ranked least likely to be impaired (<17%) were both of the Tenderfoot
Creek reference sites.

2.7.7 Amphibian and Reptile Incidentals

The only amphibian and reptilian species observed or collected in conjunction with the aquatic
assessment surveys are one amphibian species, the Columbian Spotted Frog (Rana columbiana) at
Sheep Creek AQ4, and one reptilian species, a terrestrial garter snake (Thamnophis elegans). Previous
work recorded a Montana SOC amphibian species, the western toad (Anaxyrus boreas), near the Sheep
Creek AQ?2 site, but these surveys found none.

2.7.8 Conclusions

Aquatic communities surveyed in 2014 and 2015 on the Sheep Creek (impact and control) sites and the
Tenderfoot Creek (reference) sites showed similarities. Aquatic communities at all sites are exhibiting
signs of nutrient enrichment, likely due to cattle ranching. Riparian habitat at three sites (AQ2, AQ5 and
AQ8) ranked degraded because of alterations by cattle. Fish species richness and diversity were higher
in the Sheep Creek sites than the Tenderfoot reference reaches, and were similar between the upstream
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control reaches and the downstream impact reaches of the study. In contrast, initial baseline biotic
integrity of macroinvertebrate and periphyton communities was significantly higher in the Tenderfoot
Creek reaches. Overall fish densities were highest in the Tenderfoot Creek reference reach, except for
brook trout which reported high average densities in Little Sheep Creek AQ7.

2.8 Vegetation Resources

The study based the Project area vegetation classification on published classifications of vegetation types
developed statewide for Montana. Figure 2.19 is a vegetation Habitat Map. Table 2-27 lists habitat and
community types for each physiognomic classes sampled in the Vegetation study area in 2015. Appendix
H (Westech, 2015d) presents a list of vascular plant species identified for the Project baseline vegetation
inventory.

2.8.1 Vegetation Habitat Types

This survey identified four native Grassland habitat types in two series including the Festuca idahoensis
(Idaho fescue) and Festuca campestris (rough fescue) series (Table 2-27). The study also identified an
Upland Altered Grassland community type dominated by non-native perennial grasses Poa pratensis
(Kentucky bluegrass) and Phleum pratense (common timothy).

The study sampled six Upland Shrubland types, dominated either by Artemisia tridentata (big sagebrush)
or Dasiphora fruticosa (shrubby cinquefoil). Festuca idahoensis, Festuca campestris, and Poa pratensis
dominated or variously distinguished understories.

Of seven Conifer Forest and Woodland habitat types identified, six were in the Pseudotsuga menziesii
(Douglas-fir) series, and one in the Picea engelmannii (Engelmann spruce) series. Festuca idahoensis,
Festuca campestris, Juniperus communis (common juniper), Calamagrostis rubescens (pinegrass),
Symphoricarpos albus (common snowberry), and Linnaea borealis (twinflower) dominate understories.

The survey sampled a Lowland Altered Grassland or Hay Meadow type at 16 sites, primarily on the
Sheep Creek floodplain.

The survey classified, according to physiognomic type, three primary Riparian-Wetland types including
Herbaceous, Shrub and Deciduous Tree. The Herbaceous Riparian-Wetland type samples came from
mesophytic/ hydrophytic habitat types or community types dominated by various associations of Juncus
balticus (Baltic rush), Carex nebrascensis (Nebraska sedge), and Carex utriculata (southern beaked
sedge). The Shrub Riparian-Wetland typ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>