MONITORING REPORT FOR 2013
CLARK FORK RIVER OPERABLE UNIT

Prepared for

Montana Department of Environmental Quality
Remediation Division
Federal Superfund and Construction Bureau
P.O. Box 200901
Helena, MT 59620-0901

and

Montana Department of Justice
Natural Resource Damage Program
1301 E. Lockey
P.O. Box 201425
Helena, MT 59620-1425

Prepared by:

2 WATER & NATURAL RESOURCES

820 North Montana Ave, Suite A
Helena, MT 59601

Contributors:

Rhithron Associates, Inc. Montana Fish, Wildlife and Parks
29 Fort Missoula Rd P.O. Box 200701
Missoula, MT 59804 Helena, MT 59620-0701

November 2014



Clark Fork River Operable Unit Monitoring Report for 2013

TABLE OF CONTENTS

EXECUTIVE SUMMARY ... s e s ss s r s e s s s s s s n s s n e m e nnnaes XXXII
1.0 SURFACE WATER ...ttt e e e e e ra s 1
1.1 PERFORMANCE GOALS ....ututtutttuuueuuennnnnsnesnnnnnnnnnsnensssssssnssssssssnsssssnnnnssnsnssnssssnnnsssnnnnnnnnnnns 1
P2 /[ 1 ] USSR 1
2 R B T = N - T P o ] o O USPPRR 2
2272 Y To T a1 (o ¢ g To T Mo Yo i o] 1S USSP 2
1.2.3 MoNitoring SCNEAUIE............oooviiiiiiiiiiiiiieeieee e 4
1.2.4 MONItONNG Par@mMeEtEIS .....uuviiii e eeee e e e e e e e e e e et s e s e e e e e e e e et e e e e aaeeennnes 4
1.2.5 Sample Collection and AnalysiS ProCeAUIES ............ccevvviiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee 5
R B o] €1 T T | - LSRR 6
L1.2.7 DaAta ANAIYSIS ..oiiiiiii e e e e e et e e e e e e et aaaaaaaane 7
PR TR =] PP 7
R B 7 = WV -1 T F (o] o PRSP 7
1.3.2 SHreaMIIOWS ..o e a e e e e e aaaae 8
S R T = [0 N = U= g = (=] SRR 11
1.3.3.1  Water TEMPEIatUre ... ..ooeiiiiiee e e e e e 11
G T T Vo o 11 2SR 13
G TR TR T o o T [T (1771 Y/ SRS 15
1.3.3.4  DiSSOIVEA OXYGEN ...ttt e e e e e e e e e e et e e e e e e e e eebrbaereeaaeeaaans 17
1.3.3.5  TUIDIAIY et e e e e st e e e e e e e b e e e e e e e e aan 19
1.3.4 Total Suspended SEAIMENT .........ceiiiiiiiiiiiiiiiiiie et 21
G 28 ST @0 1 1 .40 o T (o USSP 23
G TR T N o = o [ =TT PSS SPRPPRRN 23
LG TR T N |1 101 /2SR 25
G TR TR T U | - | (= SRS 28
O I (U1 =Y 01 £ TSRS URPUPPPRTRR 30
G TG Tt B o = 1 I 1 oo =T o USRS 30
1.3.6.2  Nitrate Plus Nitrite NItrOGEN .......ooi i 32
1.3.6.3  TOtal AMIMONIA ....eiiiiiiiiiiiiiiietieeieteeeteeeeeeeeetebeeebeaebeseseeebebeaeaeassssssssabssssssssssssssssassnssssssnsnnnnns 34
1.3.6.4  Total PROSPROIUS ..ot 35
1.3.7 Contaminants Of CONCEIN .. ...cii i e e e e e et e e e e e eeaaees 37
R TR I Y =11 o | (o PSS SPRPRRR 37
G T A - o [ o 0 10 o PSSR 55

L I 0 T 7] o] o= PSR PRR 74
IR T 0 S Y- o [P PUSPUPURSPPPPPRPR 93
T.3.7.5  IMBICUNY .ottt ettt e e e e e et e e e e s e e e e e e e e e s e s ereeeeee s 111
T1.3.7.6  MENYIMEICUIY ...t e e e s e ee s 116

L A A A | o Vo PSPPI 119
R S B 1T 11 [ N PSSR 137
o R B = = A £= 1T =\ (o o 137
1.4.2 SreamMIlOWS ...o..ciiiii e aaaan 137
G T 1= (o I o T o 0 0= (=T P 137
1.4.3.1  Water TEMPEratUre ..ottt e e e s e e e s 137

November 2014 i



Clark Fork River Operable Unit Monitoring Report for 2013

R B Vo o |1 2SS 138
R T S o o T [T 11771 Y/ 138
1.4.3.4  DiSSOIVEA OXYGEIN ..ottt ettt e e et e e s s b e e e e sbee e e e abbeeeesnbeeeeaas 138
Ti4.3.5  TUIDIAIY . ceeieeeee et e e e e e e e e e e e s 139
1.4.4 Total Suspended SEAIMENT .........coviiiiiiiiiiiiiiiiieeieeeeeeee e 139
145 COMMON TONS ..cittiiiiie ettt e ettt e e e e et et atb b a e e e e e e e eeebeba e e eeaaas 140
G AN 7= 0 S 140
1.4.7 ContaminantS Of CONCEIN .......cuvviiiiiiiiiiiiiiiiieiii ittt 140
1.4.8 Mercury and MethylIMErCUNY ........ccoiiiiiiiiiiii i e e e e 141
2.0 SEDIMENT L 143
21  REFERENCE BENCHMARKS .....cooiiiiiiieieiieeeeeee ettt 143
DA V|5 1 20 0 R 144
2.2.1 Data Validation..........oeuuiiiiiiiie e e et e e e e e e et e e e e e e e e earaea e e e e aaaannaes 144
2.2.2 MONItONNG LOCALIONS .....uviiiiiiceiiceeiee e e e e e e e e et e e e e e aaeannes 144
2.2.3 MONItOrNG SCNEAUIE........uuiiiiiiiiiiiiee e eennnenee 146
2.2.4 MONItONNG ParameEterS ......iii i e e e e et e e e e e e e eaanes 146
2.2.5 Sample Collection and Analysis ProCedUIeS ..............uuuuuimmmmmmimmimiiiiiiiiiieiieinnnnnennnes 146
2.2.6 DAtA ANAIYSIS ....euueiiiiiiiiiiiiiiiie it n e 147
P2 N =1 U By P 148
2.3.1 Data Validation ..........ocuuiiiiiiiieeee s e et s e e e e e e e et e e e e e e e e earar e e e aaaannae 148
2.3.2 SaMPIe Siz€ FracCtion ........ccooiiiiiiiiiiiiie e e et e e e e e aaee 148
2.3.3 ContaminantS Of CONCEIM ... ...uuuuuuiuiiiiiiiiiiieiieiieaeeaeeaeer e eereesesenesrrrsensnnnes 149
R TR Tt B N =TT o o PP PP PPRPPP 149
A e T O To 111 1¥ o o PSR 152
2.3.3.3 0P P i 156

R TR S I - =T PP PPRPPP 158
A TR TR T | o VoSSR 162
A 11T 0 U 1] o 165
2.4.1 Data Validation.........ooouuiiiiiiie e e et e e e e e et e e e e e e e e e et e aaaaennne 165
2.4.2 SaMPle Size FracCtion .......ccooooiiiiiiiiiie e e et a e e aaan 165
2.4.3 Contaminants Of CONCEIMN ........cciiiiiiiiee et e e e e e e e aaa e e e e e eeenenes 166
3.0 MACROINVERTEBRATES ... oottt 167
K 20t N | N (] 11 [0 1 [ PP 167
I Y/ 1= 1 0] 01 SRR 167
321 SAMPING cetiiieii e a e e e a 167
3.2.2 Laboratory ANAIYSIS ... . oot 167
3.2.3 QUAlitY ASSUIANCE SYSTEIMIS ... .uuuuuuiiiiiiiiiinitineeieeeeaeeaeaeaaeseeebesenseeseeneebeebebeaeeeesensenenes 168
3.2.4 DAta ANAIYSIS ... eeieeeiiiiiiee e e et e e e e e eenan s 168
3.2.5 Ecological Interpretations: APProacCh .............uuuuiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeees 169
3.3 RESULT S it 170
T Jt A = o = =TT g =T o | PR 170
3.3.1.1  Overall Biointegrity INAeX .......ooiiiiiiiiiii e e e e 172
3.3.1.2  Metals SUDSEL....cooii e e e e a e e e 173
3.3.1.3  Organic/NUutrient SUDSEL ... ...ooo i 174

November 2014 ii



Clark Fork River Operable Unit Monitoring Report for 2013

3.3.2 Ecological Interpretation of Aquatic Invertebrate Assemblages .............ccceevvvnnnnnn. 175
3.3.21  MCWC-MWB: Mill-WilloW CreK .......vviiiiiiiiie ettt 175
3.3.2.2 WSC-SBC: Warm Springs Creek near mouth ............cccoceiiiiiiiiiiice e 175
3.3.2.3 SS-17: Silver Bow Creek at Opportunity ..........ccooieiiiiioiiiiieie e 175
3.3.2.4 SS-25: Silver Bow Creek at Warm SPringS..........coooiiiiieiiiiieeiriiee e 176
3.3.2.5 CFR-03A: Clark Fork River near Galen ............cooooiiiiiiiiiiiiiie e 176
3.3.2.6 CFR-07D: Clark Fork River at Galen Road............cooiiiiiiiiiiie e 177
3.3.2.7 CFR-11F: Clark Fork River at Gemback Road ...........ccceeiiiiiiiiiii e, 177
3.3.2.8 LC-7.5: Lost Creek at Frontage ROad.............ceoviieiiiiiiiiiiiiee e 178
3.3.29 RTC-1.5: Racetrack Creek at Frontage Road............ccccvveeeeiiiiiiiiieicee e 178
3.3.2.10 LBR-CFR: Little Blackfoot River near mouth near Garrison .............cccceevceeeeiiieneenee 179

3.4 CONCLUSIONS ...ttt e et e e e et e e e e et e e e eraans 179
0 T Y 1 I 0 1 1 180
4.1 INTRODUCTION ..euiittee it ettt e et e et e et e et e e e e e e et e e e et e e et e e e et e e st aessaneesanaesanneentnaensnaaees 180
4.2 IMETHODS ...ttt et e ettt e e et e e e et e e e e et e e e e et e e e e et e e e aa e e aarnns 180

i R T T 101 o] 1 T T USSP 180

4.2.2 LabOoratory ANGIYSIS .....cccoeo e 181
o B o B 1= (oo 1Y o = = P 181
N B I T- 1 (o] 4 N (o F- 1= S 182

4.2.3 DAt ANAIYSIS ... 182
4.2.3.1  NON-DIatom AlGAE ........eeiiiiiiiiii it 182
4.2.3.2  Diatom AlGAE........ueeiiiiiiiii et e e e e b b e e sn e e e e anbeeeeaa 182
4.2.3.3 BioassessmeNt INAICES ........uuiiiiiiiiiii e 183
4.2.3.4 Ecological INterpretationS ..............uueueiiiiiiiiieiiieiiieirieieieesieieeeeee e e———————————————— 184

.3 RESULT S ittt i ettt ettt ettt et e e ettt e e e e et e e e e et e e e eat e e e eateeeeata e aeeat e ereranns 184

4.3.1 NON-DiIatOmM AlQAE .....ouuuiie e e e e e e e e e e e e e eraa 184

4.3.2 Diatom BioasseSSMeENt INAICES. .. ...uiiiiiiiiieiiiiiiie e ee e e e e e e 185
4.3.2.1  Diatom INCre@ser TAXaA ........uueeeiiiiiiiiiiiiiie ettt e e e e et e e e e e e e e st e e aa e e e e annneeeeeeaeas 185
4.3.2.2  Sediment INCreaSEr TAXaA ......ccciiaiiiiiiiiiiiie ettt e ettt e e e e e s e st e e e e e e e e annreeeeeeeeas 186
4.3.2.3  Metals INCreaser TaXa. .. cccuueeieieeeie ittt e e e e e et e e e e e e e e annneeeeeeeeas 186
4.3.2.4  NUIHENE INCrEaSEI TaXa . .. eiiiiiiieeii it e e e e e et e e e e e e e nnbeeeeeeeeas 187
4.3.2.5 Diatom Association metrics for Montana Mountain Streams ..............ccccceeiiiiiiiieenn. 188
4.3.2.6 Additional Diatom Association MetriCS .........oovociiiiiiiie e 189

4.3.3 Ecological Interpretations of Periphyton Assemblages .........ccccvvviiieeiiiieiiiiiiiinnnnn. 192
7 JC TR Tt B Lo g B T F= 1 (o0 o [ = 1= PSPPI 192
G TR T2 I I - (o0 o N [o = L= PRSPPI 193
4.3.3.3  Site SPECIfiC NAITAtiVES ........uuviiiiiiiiiiiiiiiiiieieeiie et rerersraaersrs e rararereanrnrnnane 193

5.0 UPPER CLARK FORK RIVER FISHERIES MONITORING STUDY: 2013 ANNUAL
0 o G 200
5.1 [N E 0] n 10 o3 110 ] N IR SR 200
ST I A @ o =T o1 1A= N 201
Lo |V = T 1 S 202

5.2.1 Trout Population MONITOMNG.........eeuuueiiiie e e e e e e e e eeeeees 202

S A OF= o [ o] 4151 1 1 (o1 1[0 ] o AN 202

oG Y 11 [0 |V 1 =P 203

November 2014 iii



Clark Fork River Operable Unit Monitoring Report for 2013

5.2.4 Cage DePlOYMENL........ooiiiiii i e e aaaaaane 204
5.2.5 MoOrtality MONITOIING ....euuuueiiiiiiiiiiiiiiiieeieeieteeie bbb nnsnneennnnnne 205
ST G I €1 11 o 206
5.2.7 TIiSSUE MELAlS BUITENS .....uuuuiuiiiiiiiiiiiiiiiiiiitiiatibiiaibbabseeesssessbssasssssbesesssssassssessennnsnnes 206
5.2.8 Water CONtaAMINANTS.......uuuiiieeeee et e et e e e e e e eeatt i a s e e e eeeeeaeaennaaaaeeaaeeennes 207
5.2.9 Discharge and Water TEMPEIatUI€..........cccvvveuiiuieiieeeeeeeeiiiiee e e e e e e eeaaaiaae e eeaeeaannes 208
5.2.10  WaALEr QUAIILY ......uueiiiiiiiiiiitiiieetite e 208
5.3 oYU S T 209
5.3.1 Trout Population MORNITOMNG..........cuuuuiiiiieeeiiiiiiie e e e e e e e e eeannee 209
5.3.2 Caged Fish Mortality, Discharge, and Water Temperature ...............ccccccuvvveeeennnnns 217
5.3.2.1 Ml WIlIOW. ...ttt ettt e e et e e e e ete e sneeeneeeneeenneenas 217
LTG0 o T SR 217
LT B TS 1 V=Y = 1RSSR 217
5.3.2.4  WWAIMN SPINGS . .eiiiiiieiieiititie e et ettt e e e e e et e e e e e e s e e eba b e e e e e aeeesasaabaeeeaaeeesaansassneeaaaseaanns 217
LR T € T 1= o T = & RSP S 218
5.3.2.6  Galen RIGNt .....ooiiiiieieiie et ae e 218
5.3.2.7 DeEErLOUQE. ..o 218
5.3.2.8 Upstream of the Little BlackfOot RIVer..........ccooiiiiiiiiii e 218
5.3.2.9 Lower Little Blackfoot River (CONtrol)...........cooiiiiiiiiiiiie e 218
5.3.2.10 FIlint Creek (CONMIOl) .....ccoo it 219
5.3.2.11 Clinton Spring (Handling Control) ...........ooceiiiiiiiiieeee e 219
LTG5 1 IV -1 o TS 219
5.3.3 Spatial Distribution of Brown Trout SUIVIVal.................ueueieiiimiiiiiiiiiiiiiiiiieee. 232
ST B0 S 1 11 o 233
5.3.5 TiSSUE MEtalS BUITENS ... ..uiiiieeiiiieiiiiies e e et e e e et s s e e e e e e e eaeatna e e e eeeaeennnes 233
5.3.6  COMPAIISONS ..uuuiiiieeeiieeetii e e e e e et e e e e e et e e e et e e e e e e e e eeaebaa e e e eeaeessasstaa s aaaaeaeerrnes 258
5.3.6.1  Control vS Treatment...... ..o 258
5.3.6.2 Upstream Construction vs Downstream Construction .............ccccoiieviiiiiiiiiiiiiieneeeees 258
5.3.6.3 Upper River VS LOWET RIVET .........ooiiiiiiiiiiiii e 258
5.3.6.4 Live Fish VS DA FiSh ......coiiiiiiiiiiiiiiie ettt e e e e e e e e e e e e 259
5.3.6.5 Temperature and Metals Burdens INflUENCE ............ccoeiiiiiiiiiiiii e 259
TR B A VLY F= 1 (] g @0 1 = g 1] =T g £ 265
LR T A0 B IV - 1o I =Y o | SO UREER 265
5.3.7.2  RaAIN EVENTS ..ottt e e e e e e e e e e e e e e e ea e eeaaaeeaaan 266
5.3.8 Water QUANILY ......ceeeiiiiiiiiie e e e e et e e e e e e e e et n e e e e aeeaane 272
LS TRC T Fht N o] o SR 272
5.3.8.2 Oxidation Reduction Potential..............coooiiiiiii e 272
5.3.8.3  SPeCific CONAUCHIVILY ....eeeiiiiiiiiiiiii e e 272
5.3.8.4 Luminescent DiSSOIVEd OXYGEN .....cciuiiiiiiiiiiie ittt et 273
5.3.8.5  Total AMMONIA .....ccoeieieieieeeeeeeeeeeeeee s 273
54 DISCUSSION ...ttt et e et e e e e e e e e e e e e e et e e et e e et e e et e eeaaeeeens 276
5.4.1 Trout Population MONITOMNG.........couuiuniie e e e e e e eeeeeees 276
5.4.2 Caged FiSN STUAY ........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiib bbb aeneeeenenenne 276
6.0  REFERENCES ... ..o e e e et e et e e e et a e e et 280

November 2014 iv



Clark Fork River Operable Unit

LIST OF APPENDICES

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix |

Appendix J
Appendix K
Appendix L

Appendix M

November 2014

QA/QC Reviews and Summary, Surface Water and Instream Sediment

Analytical Laboratory Results

Surface Water Data

Instream Sediment Data
Macroinvertebrate Data
Macroinvertebrate QA/QC
Macroinvertebrate Bioindex Scores
Periphyton Data

Periphyton Bioindex Scores
Published Electrofishing Data from Lindstrom (2011)
Caged Fish Study Comparisons

Rain Events Metal Compliance Ratios

Clark Fork River Streamflow Monitoring 2013

Monitoring Report for 2013



Clark Fork River Operable Unit Monitoring Report for 2013

LIST OF TABLES

Table 1-1.

Table 1-2.

Table 1-3.

Table 1-4.

Table 1-5.

Table 1-6.

Table 1-7.

Table 1-8.

Table 1-9.

Table 1-10.

Table 1-11.

Table 1-12.

Table 1-13.

November 2014

Remediation performance standards for surface water in the Clark
Fork River Operable Unit (USEPA 2004). .........uoiiiiiiiieeiee e, 1

Surface water sampling locations in the Clark Fork River Operable
Unit, 2013. Streamflows were measured at all sample sites which
did not have a co-located USGS streamflow gauge. ...........cccoovviiieiiieniiiniiinnnnn. 4

Sampling parameters and analytes for surface water monitoring of
the Clark Fork River Operable Unit, 2013. ..., 5

Analytes and methods for surface water samples in the Clark Fork
River Operable Unit, 2013. All samples were analyzed by Energy
Laboratories in Helena, Montana. ... 6

Total nitrogen concentrations (mg/L) at Clark Fork River Operable
Unit monitoring stations, 2013. ... 30

Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork
River Operable Unit monitoring stations, 2013. ..., 32

Total ammonia concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2013. .............uuiiiiiiiiiiiis 34

Total phosphorus concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2013, ..., 35

Total recoverable arsenic concentrations (mg/L) at Clark Fork

River Operable Unit monitoring stations, 2013. Table represents

data collected under the Montana Department of Environmental

Quality monitoring Program. ..........ueeeiiiiiiiiiie e 40

Total recoverable cadmium concentrations (mg/L) at Clark Fork

River Operable Unit monitoring stations, 2013. Table represents

data collected under the Montana Department of Environmental

Quality MoNItoring Program. ..........ueeeeeeeiiiiiiiiiiiiiiiee e 59

Total recoverable copper concentrations (mg/L) at Clark Fork

River Operable Unit monitoring stations, 2013. Table represents

data collected under the Montana Department of Environmental

Quality MONItOriNG PrOgram . .......uueueiieiiiiiiiiiiiiiiiie bbb 78

Total recoverable lead concentrations (mg/L) at Clark Fork River

Operable Unit monitoring stations, 2013. Table represents data

collected under the Montana Department of Environmental Quality

(gaTeTaT1 (o] g aTe o] e =T 1 o PP 96

Total mercury concentrations (mg/L) at Clark Fork River Operable
Unit monitoring stations, 2013. Table represents data collected

vi



Clark Fork River Operable Unit Monitoring Report for 2013

Table 1-14.

Table 1-15.

Table 2-1.

Table 2-2.

Table 2-3.

Table 2-4.

Table 2-5.

Table 2-6.

Table 2-7.

Table 2-8.

November 2014

under the Montana Department of Environmental Quality
(gaTe]al1(e] g aTe o] e o] £=1 o FU PP PPPPPPPPPPPP 113

Methylmercury concentrations (ng/L) at Clark Fork River Operable

Unit monitoring stations, 2013. Table represents data collected

under the Montana Department of Environmental Quality

(gaTe]al1(e] g aTe [ o] o o] £=1 1 o FU PP PPPPPPPPPI 118

Total recoverable zinc concentrations (mg/L) at Clark Fork River

Operable Unit monitoring stations, 2013. Table represents data

collected under the Montana Department of Environmental Quality

(gaTe]ali(e] g aTe o] o] £=1 1 o FO PP PPPPPPPPPIN 122

Proposed reference benchmarks for contaminant of concern

concentrations (dry weight [DW]) of instream sediments in the

Clark Fork River Operable Unit. The threshold effect (TEC) and

probable effect (PEC) concentrations were described in

MacDonald et al. (2000).........oooiieii e 144

Sediment sampling locations for the Clark Fork River Operable
Unit, 2013. Streamflows were measured at all sample sites which
did not have co-located USGS streamflow gauges. ...........cccooiiviiiiceiiiiiennnnnnn, 146

Sediment analysis methods for determination of wet weight (WW)
metals concentrations in the Clark Fork River Operable Unit,

Proportion of each sample collected in the Clark Fork River
Operable Unit with fine fraction (<0.065 mm) sediment particles,

Total arsenic concentrations (mg/kg wet weight) in instream

sediment samples from the Clark Fork River Operable Unit

monitoring stations, 2013. Sample concentrations are from the

fine sediment size fraction (<0.065 MM).........coooiiiiiii 152

Total cadmium concentrations (mg/kg wet weight) in instream

sediment samples from the Clark Fork River Operable Unit

monitoring stations, 2013. Sample concentrations are from the

fine sediment size fraction (<0.065 MM)........oooiiiiiii 155

Total copper concentrations (mg/kg wet weight) in instream

sediment samples from the Clark Fork River Operable Unit

monitoring stations, 2013. Sample concentrations are from the

fine sediment size fraction (<0.065 MM)........cooooriiii 158

Total lead concentrations (mg/kg wet weight) in instream sediment

samples from the Clark Fork River Operable Unit monitoring

stations, 2013. Sample concentrations are from the fine sediment

Size fraction (<O.065 MIM)......uuuuiiiiiiiiiiiiiiii e eaeaneennennee 161

vii



Clark Fork River Operable Unit

Monitoring Report for 2013

Table 2-9.

Table 3-1.

Table 3-2.

Table 4-1.

Table 4-2.

Table 4-3.

Table 5-1.

Table 5-2.

Table 5-3.

Table 5-4.

Table 5-5.

November 2014

Total zinc concentrations (mg/kg wet weight) in instream sediment
samples from the Clark Fork River Operable Unit monitoring
stations, 2013. Sample concentrations are from the fine sediment

size fraction (<0.065 MM).......ouuuiiiiiiii e

Macroinvertebrate sampling sites in the Clark Fork River basin,

August 12-20, 2013 a e eaaae

Mean macroinvertebrate bioassessment scores and impairment
classifications: McGuire’s indices for general biointegrity,
nutrient/organic impairment, and metals impairment. Scores are
mean values over four replicate samples, and are expressed as
the percent of maximum score. Clark Fork River basin, August 12-

Periphyton sampling sites in the Clark Fork River Operable Unit,

September 2013, ..o

Number of major non-diatom algae genera, by algal division,

present at Clark Fork River Operable Unit monitoring sites, 2013. ..........

Diatom association metrics and biological integrity and impairment
ratings for Clark Fork River Operable Unit monitoring sites, 2013

(after Bahls 1993). ....ooiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee e

Electrofishing data collected on the Upper Clark Fork River at the
Bearmouth Section from 2009-2013. Population estimates and
capture efficiencies are for brown trout greater than 175 mm (~7”)
in total length. Cutt x Rbow represents a phenotypic hybrid

between a cutthroat and rainbow trout. .........coeoveevieii e,

Electrofishing data collected on the Upper Clark Fork River at the
Flint Creek Mouth Section from 2009-2013. Population estimates
and capture efficiencies are for brown trout greater than 175 mm
(~7”) in total length. Cutt x Rbow represents a phenotypic hybrid

between a cutthroat and rainbow trout. Brook x Bull represents a

phenotypic hybrid between an eastern brook and bull trout......................

Electrofishing data collected on the Upper Clark Fork River at the
pH Shack Section from 2011-2013. Population estimates and
capture efficiencies are for brown trout greater than 175 mm (~77)
in total length. Cutt x Rbow represents a phenotypic hybrid

between a cutthroat and rainbow trout ..........coeoveeieii e,

Electrofishing data collected on the Upper Clark Fork River at the
Below Sager Lane Section from 2011-2013. Population estimates
and capture efficiencies are for brown trout greater than 175 mm

(=77) Intotal 1ength. ......oooiiiiiiiiiiii e

Electrofishing data collected on the Upper Clark Fork River at the
Williams-Tavenner Section from 2011-2013. Population estimates

......... 181

......... 185

......... 188

......... 211

........ 214

vii



Clark Fork River Operable Unit Monitoring Report for 2013

and capture efficiencies are for brown trout greater than 175 mm
(=77) Intotal 1eNGtN. ...coooiiiiiiiiiee e 215

Table 5-6. Electrofishing data collected on the Upper Clark Fork River at the
Phosphate Section from 2011-2013. Population estimates and
capture efficiencies are for brown trout greater than 175 mm (~77)
in total length. Cutt x Rbow represents a phenotypic hybrid
between a cutthroat and rainbow trout. ... 216

Table 5-7. Results of chi-squared tests between expected and observed
survival and mortality for 2013, with Yates’s correction for
continuity applied; df =1 and a = 0.05forall tests. .......cccooviiiiiiiiiiiiiies 219

Table 5-8. Summary of studies relating whole body metals burdens to growth

or mortality effects in salmonids. All values reported were the
minimum concentrations causing an effect..........cccccoovvviiiiiiiiii 234

November 2014 ix



Clark Fork River Operable Unit Monitoring Report for 2013

LIST OF FIGURES

Figure 1-1.  Approximate sampling locations for environmental monitoring of
the Clark Fork River Operable Unit, 2013. Surface water samples

were collected at all sites except LC-7.5and RTC-1.5. ......ccccccoiiiiiiiiiiiiiieeeee 3
Figure 1-2.  Hydrograph for Silver Bow Creek at Warm Springs, 2013.........coovviiiiiiiiiiiiiiennnnn. 9
Figure 1-3.  Hydrograph for Clark Fork River near Galen, 2013. ............coooiiiiiiiiieeeeeeen. 9
Figure 1-4.  Hydrograph for Clark Fork River at Deer Lodge, 2013. .........iiiiiiiiiieriiiiin. 10
Figure 1-5.  Hydrograph for Clark Fork River near Drummond, 2013. .........ccoooiiiiiiiiiiiiiinnnne. 10
Figure 1-6.  Hydrograph for Clark Fork River at Turah Bridge, 2013. ........cccccoeeiiiiiiiiiiiiinnn. 11

Figure 1-7.  Surface water temperatures at mainstem sampling sites in the
Clark Fork River Operable Unit, 2013. .. ....cooiiiii e, 12

Figure 1-8.  Surface water temperatures at tributary sampling sites in the Clark
Fork River Operable Unit, 2013...........oiiiiicee e 12

Figure 1-9.  Surface water pH at mainstem sampling sites in the Clark Fork
River Operable Unit, 2013.... ..o 14

Figure 1-10. Surface water pH at tributary sampling sites in the Clark Fork
River Operable Unit, 2013... ..ot 14

Figure 1-11.  Conductivity at mainstem sampling sites in the Clark Fork River
Operable Unit, 2013, ... ..o 16

Figure 1-12.  Conductivity at tributary sampling sites in the Clark Fork River
Operable Unit, 2013, ... e 16

Figure 1-13. Dissolved oxygen concentrations at mainstem sampling sites in
the Clark Fork River Operable Unit, 2013. ..........iiiiiii e, 18

Figure 1-14. Dissolved oxygen concentrations at tributary sampling sites in the
Clark Fork River Operable Unit, 2013. ........oooiiiiiie e, 18

Figure 1-15.  Turbidity at mainstem sampling sites in the Clark Fork River
Operable Unit, 2013, ... o 20

Figure 1-16. Turbidity at tributary sampling sites in the Clark Fork River
Operable Unit, 2013, ... ..o 20

Figure 1-17. Total suspended sediment concentrations at mainstem sampling

sites in the Clark Fork River Operable Unit, 2013. No bars
indicate values below the analytical reporting limit. ..., 22

November 2014 X



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 1-18.

Figure 1-19.

Figure 1-20.

Figure 1-21.

Figure 1-22.

Figure 1-23.

Figure 1-24.

Figure 1-25.

Figure 1-26.

Figure 1-27.

Figure 1-28.

Figure 1-29.

Figure 1-30.

Figure 1-31.

Figure 1-32.

Figure 1-33.

November 2014

Total suspended sediment concentrations at tributary sampling
sites in the Clark Fork River Operable Unit, 2013...........c.cooiiiiiiiii e, 22

Water hardness at mainstem sampling sites in the Clark Fork
River Operable Unit, 2013... ... e 24

Water hardness at tributary sampling sites in the Clark Fork River
Operable Unit, 2013, ... .o 24

Alkalinity at mainstem sampling sites in the Clark Fork River
Operable Unit, 2013, ... ..o 26

Alkalinity at tributary sampling sites in the Clark Fork River
Operable Unit, 2013, ... .o 26

Bicarbonate alkalinity at mainstem sampling sites in the Clark Fork
River Operable Unit, 2013... ..ot 27

Bicarbonate alkalinity at tributary sampling sites in the Clark Fork
River Operable Unit, 2013... ... 27

Sulfate concentrations at mainstem sampling sites in the Clark
Fork River Operable Unit, 2013, ..., 29

Sulfate concentrations at tributary sampling sites in the Clark Fork
River Operable Unit, 2013.... ..o 29

Total nitrogen concentrations (mg/L) at Clark Fork River mainstem
monitoring stations, 2013, .......oiiiiiiiiiiii e 31

Total nitrogen concentrations (mg/L) at Clark Fork River tributary
monitoring stations, 2013, ... ..o e 31

Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork
River mainstem monitoring stations, 2013............cooii i 33

Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork
River tributary monitoring stations, 2013. ... 33

Total phosphorus concentrations (mg/L) at Clark Fork River
mainstem monitoring stations, 2013, ... ... 36

Total phosphorus concentrations (mg/L) at Clark Fork River
mainstem monitoring stations, 2013..........cooiiiiiiiiiiiiiiiiee 36

Total recoverable (TR) and dissolved (Diss) arsenic
concentrations at mainstem sampling sites in the Clark Fork River
Operable Unit, 2013. Figure represents data collected under the
Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical
reporting limit. Applicable water quality standards are the aquatic

Xi



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 1-34.

Figure 1-35.

Figure 1-41.

Figure 1-42.

Figure 1-43.

Figure 1-44.

Figure 1-45.

Figure 1-46.

November 2014

life standards (ALS) and the human health surface water standard
(HHSWS) (MDEQ 2012D). ..eeiiiieiieiiiiieeieeeeeeeeeeeeeeeeeeeeeeee e

Total recoverable (TR) and dissolved (Diss) arsenic
concentrations at Clark Fork River tributary sampling sites, 2013.
Figure represents data collected under the Montana Department
of Environmental Quality monitoring program. No bars indicate
concentrations below the analytical reporting limit. Applicable
water quality standards are the aquatic life standards (ALS) and
the human health surface water standard (HHSWS) (MDEQ

2012D). oottt et e et e e e

Total recoverable arsenic (As) compliance ratios for Silver Bow
Creek at Warm Springs site, 2011-2013. Compliance ratios are
based on the chronic aquatic life standard (Chronic) and the
human health surface water standard, or the drinking water
standard (DW) (MDEQ 2012b). Figure represents data collected
under the Montana Department of Environmental Quality

[gale]aT1(e] g Te o] o] £=1 1o F PP

Dissolved arsenic concentrations at Clark Fork River mainstem
sites, 2013. Boxplots include data collected by RESPEC for the
Montana Department of Environmental Quality and preliminary
data collected by the US Geological Survey (Source: USGS
2014). River miles are measured downstream from the Silver

Bow Creek-Warm Springs Creek confluence. ............cccccceeiiiiiiiiiiiiinnnnnnn.

Total recoverable arsenic concentrations at Clark Fork River
mainstem sites, 2013. Boxplots include data collected by
RESPEC for the Montana Department of Environmental Quality
and preliminary data collected by the US Geological Survey
(Source: USGS 2014). River miles are measured downstream

from the Silver Bow Creek-Warm Springs Creek confluence...................

Dissolved arsenic concentrations at Clark Fork River tributary
sites, 2013. Boxplots include data collected by RESPEC for the
Montana Department of Environmental Quality and preliminary
data collected by the US Geological Survey (Source: USGS

D0T4). oo e et et e et e e

Dissolved arsenic concentrations at Clark Fork River tributary
sites, 2013. Boxplots include data collected by RESPEC for the
Montana Department of Environmental Quality and preliminary
data collected by the US Geological Survey (Source: USGS

20T4). 1o e e et a et e et s e

Dissolved arsenic concentrations plotted by time at Clark Fork

River mainstem Sites, 2013, ....oenie e

Total recoverable arsenic concentrations plotted by time at Clark

Fork River mainstem sites, 2013, ......cooeeniiii e

........... 38

........... 39

........... 41

........... 47

........... 49

........... 50

........... 51

........... 52

xii



Clark Fork River Operable Unit

Figure 1-47.

Figure 1-48.

Figure 1-49.

Figure 1-50.

Figure 1-51.

Figure 1-52.

Figure 1-53.

Figure 1-54.

Figure 1-55.

November 2014

Dissolved arsenic concentrations plotted by time at Clark Fork

River tributary sites, 2013, ... 53

Total recoverable arsenic concentrations plotted by time at Clark

Fork River tributary sites, 2013, .. ..o 54

Total recoverable (TR) and dissolved (Diss) cadmium
concentrations at mainstem sampling sites in the Clark Fork River
Operable Unit, 2013. Figure represents data collected under the
Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical
reporting limit. Applicable water quality standards are the aquatic
life standards (ALS) and the human health surface water standard

(HHSWS) (MDEQ 2012D). ...veeveeeeeeee e eeeeeeeeseeeeeeseeesseeeseeeeese s sseesseesseeseenens 57

Total recoverable (TR) and dissolved (Diss) cadmium
concentrations at Clark Fork River tributary sampling sites, 2013.
Figure represents data collected under the Montana Department
of Environmental Quality monitoring program. No bars indicate
concentrations below the analytical reporting limit. Applicable
water quality standards are the aquatic life standards (ALS) and
the human health surface water standard (HHSWS) (MDEQ

20702 e 58

Total recoverable cadmium (Cd) compliance ratios for Silver Bow
Creek at Warm Springs site, 2011-2013. Compliance ratios are
based on the chronic and acute aquatic life standards (MDEQ
2012b). Figure represents data collected under the Montana

Department of Environmental Quality monitoring program. ...........cccccceeeviinnnnen. 60

Total recoverable cadmium (Cd) compliance ratios for Clark Fork
River near Galen site, 2010-2013. Compliance ratios are based
on the chronic and acute aquatic life standards (MDEQ 2012b).
Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ...................eeueeieeieiiieeeeeieiieeenans 61

Total recoverable cadmium (Cd) compliance ratios for Clark Fork
River at Deer Lodge site, 2010-2013. Compliance ratios are
based on the chronic and acute aquatic life standards (MDEQ
2012b). Figure represents data collected under the Montana

Department of Environmental Quality monitoring program. ............cccccceeviinnnnen. 62

Total recoverable cadmium (Cd) compliance ratios for Clark Fork
River at Turah site, 2010-2013. Compliance ratios are based on
the chronic and acute aquatic life standards (MDEQ 2012b).

Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ................cccceeueeemmiiiiemmmmeiineeeeeenene. 63

Total recoverable (TR) cadmium (Cd) compliance ratio in the Clark
Fork River (CFR) mainstem sites, 2013. Compliance ratio is
based on the chronic aquatic life standard (ALS) (MDEQ 2012b).

Monitoring Report for 2013



Clark Fork River Operable Unit Monitoring Report for 2013

Figure 1-56.

Figure 1-57.

Figure 1-58.

Figure 1-59.

Figure 1-60.

Figure 1-61.

November 2014

Figure represents data collected under the Montana Department
of Environmental Quality monitoring program. ...................eeeeeeeeeeiiimiemeiiiieeeeennnns 64

Total recoverable (TR) cadmium (Cd) compliance ratio in Clark

Fork River (CFR) tributary sites, 2013. Compliance ratio is based

on the chronic aquatic life standard (ALS) (MDEQ 2012b). Figure

represents data collected under the Montana Department of

Environmental Quality monitoring program. .............cceveveiiiiiiiiiiiiiiieeeeeeeeeeeee 65

Dissolved cadmium concentrations at Clark Fork River mainstem

sites, 2013. Boxplots include data collected by RESPEC for the

Montana Department of Environmental Quality and preliminary

data collected by the US Geological Survey (Source: USGS

2014). Dashed line represents the chronic aquatic life standard

(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as

CaCO3 (median hardness from all mainstem samples collected in

2013). River miles are measured downstream from the Silver

Bow Creek-Warm Springs Creek confluence. ............ccoovvvviiiiiiiiiiiiiiiiiiiiiiiiiinne. 66

Total recoverable cadmium concentrations at Clark Fork River

mainstem sites, 2013. Boxplots include data collected by

RESPEC for the Montana Department of Environmental Quality

and preliminary data collected by the US Geological Survey

(Source: USGS 2014). Dashed line represents the chronic

aquatic life standard (ALS) (MDEQ 2012b) assuming water

hardness of 195 mg/L as CaCO3 (median hardness from all

mainstem samples collected in 2013). River miles are measured

downstream from the Silver Bow Creek-Warm Springs Creek

CONFIUBNCE. ... et 67

Dissolved cadmium concentrations at Clark Fork River tributary

sites, 2013. Boxplots include data collected by RESPEC for the

Montana Department of Environmental Quality and preliminary

data collected by the US Geological Survey (Source: USGS

2014). Dashed line represents the chronic aquatic life standard

(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as

CaCO3 (median hardness from all tributary samples collected in

20 ) 68

Total recoverable cadmium concentrations at Clark Fork River

tributary sites, 2013. Boxplots include data collected by RESPEC

for the Montana Department of Environmental Quality and

preliminary data collected by the US Geological Survey (Source:

USGS 2014). Dashed line represents the chronic aquatic life

standard (MDEQ 2012b) assuming water hardness of 174 mg/L

as CaCO3 (median hardness from all tributary samples collected

022 0 ) T 69

Dissolved cadmium concentrations plotted by time at Clark Fork
River mainstem sites, 2013. Chronic aquatic life standard (ALS;

Xiv



Clark Fork River Operable Unit Monitoring Report for 2013

Figure 1-62.

Figure 1-63.

Figure 1-64.

Figure 1-65.

Figure 1-66.

Figure 1-67.

Figure 1-68.

Figure 1-69.

November 2014

MDEQ 2012b) assumes water hardness of 195 mg/L as CaCO3
(median hardness from all mainstem samples collected in 2013)....................... 70

Dissolved cadmium concentrations plotted by time at Clark Fork
River mainstem sites, 2013. Chronic aquatic life standard (ALS;
MDEQ 2012b) assumes water hardness of 195 mg/L as CaCO3
(median hardness from all mainstem samples collected in 2013)....................... 71

Dissolved cadmium concentrations plotted by time at Clark Fork

River tributary sites, 2013. Chronic aquatic life standard (ALS;

MDEQ 2012b) assumes water hardness of 195 mg/L as CaCO3

(median hardness from all tributary samples collected in 2013). ............cceeeeeees 72

Total recoverable cadmium concentrations plotted by time at Clark

Fork River tributary sites, 2013. Chronic aquatic life standard

(ALS; MDEQ 2012b) assumes water hardness of 174 mg/L as

CaCO3 (median hardness from all tributary samples collected in

720 ) 73

Total recoverable (TR) and dissolved (Diss) copper concentrations

at mainstem sampling sites in the Clark Fork River Operable Unit,

2013. Figure represents data collected under the Montana

Department of Environmental Quality monitoring program.

Applicable water quality standards are the aquatic life standards

(ALS) and the human health surface water standard (HHSWS)

(Y =T 2 0 7« ) PR 76

Total recoverable (TR) and dissolved (Diss) arsenic

concentrations at tributary sampling sites in the Clark Fork River

Operable Unit, 2013. Figure represents data collected under the

Montana Department of Environmental Quality monitoring

program. No bars indicate concentrations below the analytical

reporting limit. Applicable water quality standards are the aquatic

life standards (ALS) and the human health surface water standard

(HHSWS) (MDEQ 2012D). ..eiiieeeeeee ettt e e e e e 77

Total recoverable copper (Cu) compliance ratios for Silver Bow

Creek at Warm Springs site, 2011-2013. Compliance ratios are

based on the chronic and acute aquatic life standards (MDEQ

2012b). Figure represents data collected under the Montana

Department of Environmental Quality monitoring program. ............cccccceeviinnnnen. 79

Total recoverable copper (Cu) compliance ratios for Clark Fork

River near Galen site, 2010-2013. Compliance ratios are based

on the chronic and acute aquatic life standards (MDEQ 2012b).

Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ...................eeeeeeeeemiiemmmeeieeeeennnne. 80

Total recoverable copper (Cu) compliance ratios for Clark Fork

River at Deer Lodge site, 2010-2013. Compliance ratios are
based on the chronic and acute aquatic life standards (MDEQ

XV



Clark Fork River Operable Unit Monitoring Report for 2013

Figure 1-70.

Figure 1-71.

Figure 1-72.

Figure 1-73.

Figure 1-74.

Figure 1-75.

November 2014

2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program. ............ccccccevvvvveeeneee. 81

Total recoverable copper (Cu) compliance ratios for Clark Fork

River at Turah site, 2010-2013. Compliance ratios are based on

the chronic and acute aquatic life standards (MDEQ 2012b).

Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ..............ccccccoeeememmeeemmmmnnnnnnenennnnns 82

Total recoverable (TR) copper (Cu) compliance ratio in the Clark

Fork River (CFR) mainstem sites, 2013. Compliance ratio is

based on the chronic aquatic life standard (ALS) (MDEQ 2012b).

Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ....................eeeeeeeeeiiimeeneiiieeeeeenne. 83

Total recoverable (TR) copper (Cu) compliance ratio in Clark Fork

River (CFR) tributary sites, 2013. Compliance ratio is based on

the chronic aquatic life standard (ALS) (MDEQ 2012b). Figure

represents data collected under the Montana Department of

Environmental Quality monitoring program. ..o 84

Dissolved copper concentrations at Clark Fork River mainstem

sites, 2013. Boxplots include data collected by RESPEC for the

Montana Department of Environmental Quality and preliminary

data collected by the US Geological Survey (Source: USGS

2014). Dashed line represents the chronic aquatic life standard

(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as

CaCO3 (median hardness from all mainstem samples collected in

2013). River miles are measured downstream from the Silver

Bow Creek-Warm Springs Creek confluence. ..., 85

Total recoverable copper concentrations at Clark Fork River

mainstem sites, 2013. Boxplots include data collected by

RESPEC for the Montana Department of Environmental Quality

and preliminary data collected by the US Geological Survey

(Source: USGS 2014). Dashed line represents the chronic

aquatic life standard (ALS) (MDEQ 2012b) assuming water

hardness of 195 mg/L as CaCO3 (median hardness from all

mainstem samples collected in 2013). River miles are measured

downstream from the Silver Bow Creek-Warm Springs Creek

LoTo] 01 [UT=1 o o7 VAPPSR 86

Dissolved copper concentrations at Clark Fork River tributary

sites, 2013. Boxplots include data collected by RESPEC for the

Montana Department of Environmental Quality and preliminary

data collected by the US Geological Survey (Source: USGS

2014). Dashed line represents the chronic aquatic life standard

(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as

CaCO3 (median hardness from all tributary samples collected in

203, e e e e e e e 87

XVi



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 1-76.

Figure 1-77.

Figure 1-78.

Figure 1-79.

Figure 1-80.

Figure 1-81.

Figure 1-82.

Figure 1-83.

November 2014

Total recoverable copper concentrations at Clark Fork River
tributary sites, 2013. Boxplots include data collected by RESPEC
for the Montana Department of Environmental Quality and
preliminary data collected by the US Geological Survey (Source:
USGS 2014). Dashed line represents the chronic aquatic life
standard (ALS) (MDEQ 2012b) assuming water hardness of 174
mg/L as CaCO3 (median hardness from all tributary samples

collected iN 2013). ..uuuei e

Dissolved copper concentrations plotted by time at Clark Fork
River mainstem sites, 2013. Chronic aquatic life standard (ALS;
MDEQ 2012b) assumes water hardness of 195 mg/L as CaCO3

(median hardness from all mainstem samples collected in 2013).............

Dissolved copper concentrations plotted by time at Clark Fork
River mainstem sites, 2013. Chronic aquatic life standard (ALS;
MDEQ 2012b) assumes water hardness of 195 mg/L as CaCO3

(median hardness from all mainstem samples collected in 2013).............

Dissolved copper concentrations plotted by time at Clark Fork
River tributary sites, 2013. Chronic aquatic life standard (ALS;
MDEQ 2012b) assumes water hardness of 174 mg/L as CaCO3

(median hardness from all tributary samples collected in 2013). ..............

Total recoverable copper concentrations plotted by time at Clark
Fork River tributary sites, 2013. Chronic aquatic life standard
(ALS; MDEQ 2012b) assumes water hardness of 174 mg/L as
CaCO3 (median hardness from all tributary samples collected in

2013, oot e et e et e ettt ettt e et

Total recoverable (TR) and dissolved (Diss) lead concentrations at
mainstem sampling sites in the Clark Fork River Operable Unit,
2013. Figure represents data collected under the Montana
Department of Environmental Quality monitoring program. No
bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards
(ALS) and the human health surface water standard (HHSWS)

(MDEQ 2012D)..veo oo eeeeeeeeeee e eeeeeseesseeeseesee s eseeeseeeseeesseseeseeesens

Total recoverable (TR) and dissolved (Diss) lead concentrations at
tributary sampling sites in the Clark Fork River Operable Unit,
2013. Figure represents data collected under the Montana
Department of Environmental Quality monitoring program. No
bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards
(ALS) and the human health surface water standard (HHSWS)

(MDEQ 2012D)......o e eeeeeeseeeeeee e eeeeeeeeeeeseeesees s sseeeseeeseeeeeeseeseeeses

Total recoverable lead (Pb) compliance ratios for Silver Bow
Creek at Warm Springs site, 2011-2013. Compliance ratios are
based on the chronic and acute aquatic life standards (MDEQ

.......... 91

.......... 92

xvii



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 1-84.

Figure 1-85.

Figure 1-86.

Figure 1-87.

Figure 1-88.

Figure 1-89.

Figure 1-90.

November 2014

2012b). Figure represents data collected under the Montana

Department of Environmental Quality monitoring program. ......................

Total recoverable lead (Pb) compliance ratios for Clark Fork River
near Galen site, 2010-2013. Compliance ratios are based on the
chronic and acute aquatic life standards (MDEQ 2012b). Figure
represents data collected under the Montana Department of

Environmental Quality monitoring program. ............cccoovveviiiiiiiiiiiiiieeeeeee,

Total recoverable lead (Pb) compliance ratios for Clark Fork River
at Deer Lodge site, 2010-2013. Compliance ratios are based on
the chronic and acute aquatic life standards (MDEQ 2012b).
Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ...............ccccccvveeemeennennnnnns

Total recoverable lead (Pb) compliance ratios for Clark Fork River
at Turah site, 2010-2013. Compliance ratios are based on the
chronic and acute aquatic life standards (MDEQ 2012b). Figure
represents data collected under the Montana Department of

.......... 97

.......... 98

.......... 99

Environmental Quality monitoring program. ............ccccccvvviiiiiiiiiiiiiiiiiiieeee 100

Total recoverable (TR) lead (Pb) compliance ratio in the Clark
Fork River (CFR) mainstem sites, 2013. Compliance ratio is
based on the chronic aquatic life standard (ALS) (MDEQ 2012b).
Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. .............ccccccccumeeemmmmmmmmmnnnnnnnnnnnns 101

Total recoverable (TR) lead (Pb) compliance ratio in Clark Fork
River (CFR) tributary sites, 2013. Compliance ratio is based on
the chronic aquatic life standard (ALS) (MDEQ 2012b). Figure

represents data collected under the Montana Department of

Environmental Quality monitoring program. ... 102

Dissolved lead concentrations at Clark Fork River mainstem sites,
2013. Boxplots include data collected by RESPEC for the
Montana Department of Environmental Quality and preliminary
data collected by the US Geological Survey (Source: USGS
2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as
CaCO3 (median hardness from all mainstem samples collected in
2013). River miles are measured downstream from the Silver

Bow Creek-Warm Springs Creek confluence. ...........cccccoeeiiiiiiiiiiiiiii e, 103

Total recoverable lead concentrations at Clark Fork River
mainstem sites, 2013. Boxplots include data collected by
RESPEC for the Montana Department of Environmental Quality
and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic
aquatic life standard (ALS) (MDEQ 2012b) assuming water
hardness of 195 mg/L as CaCO3 (median hardness from all
mainstem samples collected in 2013). River miles are measured

xviii



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 1-91.

Figure 1-92.

Figure 1-93.

Figure 1-94.

Figure 1-95.

Figure 1-96.

Figure 1-97.

November 2014

downstream from the Silver Bow Creek-Warm Springs Creek

[o70] 011 (V1= o (o< TP 104

Dissolved lead concentrations at Clark Fork River tributary sites,
2013. Boxplots include data collected by RESPEC for the
Montana Department of Environmental Quality and preliminary
data collected by the US Geological Survey (Source: USGS
2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as
CaCO3 (median hardness from all tributary samples collected in

2003 e e 105

Total recoverable lead concentrations at Clark Fork River tributary
sites, 2013. Boxplots include data collected by RESPEC for the
Montana Department of Environmental Quality and preliminary
data collected by the US Geological Survey (Source: USGS
2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as
CaCO3 (median hardness from all tributary samples collected in

2013 e e e e e e e e e e 106

Dissolved lead concentrations plotted by time at Clark Fork River
mainstem sites, 2013. Chronic aquatic life standard (ALS; MDEQ
2012b) assumes water hardness of 195 mg/L as CaCO3 (median

hardness from all mainstem samples collected in 2013). .........ccccovvieeiiiieinnnnn, 107

Dissolved lead concentrations plotted by time at Clark Fork River
mainstem sites, 2013. Chronic aquatic life standard (ALS; MDEQ
2012b) assumes water hardness of 195 mg/L as CaCO3 (median

hardness from all mainstem samples collected in 2013). ........ccovvviiiiiiiiiiinnnnn. 108

Dissolved lead concentrations plotted by time at Clark Fork River
tributary sites, 2013. Chronic aquatic life standard (ALS; MDEQ
2012b) assumes water hardness of 174 mg/L as CaCO3 (median

hardness from all tributary samples collected in 2013). .........ccooviviiiiiiieeeneeen, 109

Total recoverable lead concentrations plotted by time at Clark
Fork River tributary sites, 2013. Chronic aquatic life standard
(ALS; MDEQ 2012b) assumes water hardness of 174 mg/L as
CaCO3 (median hardness from all tributary samples collected in

2013 e e e e e e e e e e 110

Total mercury (Hg) concentrations at sampling sites in the Clark
Fork River Operable Unit, 2013. Figure represents data collected
under the Montana Department of Environmental Quality
monitoring program. No bars indicate concentrations below the
analytical reporting limit. Applicable water quality standards are
the aquatic life standards (ALS) and the human health surface

water standard (HHSWS) (MDEQ 2012D). .....cooiiiiiiiiiiiiieieieeeeee e 112

Xix



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 1-98.

Figure 1-99.

Figure 1-100.

Figure 1-101.

Figure 1-102.

Figure 1-103.

Figure 1-104.

Figure 1-105.

November 2014

Total mercury (Hg) compliance ratios for Flint Creek near mouth
site, 2012-2013. Compliance ratios are based on the chronic
aquatic life standard and the human health surface water
standard, or the drinking water standard (DW) (MDEQ 2012b).
Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ..............cccccccuveeeemiienninnnnns

Total mercury (Hg) compliance ratios for Clark Fork River near
Drummond site, 2012-2013. Compliance ratios are based on the
chronic aquatic life standard and the human health surface water
standard, or the drinking water standard (DW) (MDEQ 2012b).
Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ...............ccccceeeeeeeiennnnennnns

Methylmercury concentrations at sampling sites in the Clark Fork
River Operable Unit, 2013. Figure represents data collected
under the Montana Department of Environmental Quality

(gaTe]aT1(e] g Te o] foTe] £=1 o FO PP PPPPPPPPP

Total recoverable (TR) and dissolved (Diss) zinc concentrations at
mainstem sampling sites in the Clark Fork River Operable Unit,
2013. Figure represents data collected under the Montana
Department of Environmental Quality monitoring program. No
bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards
(ALS) and the human health surface water standard (HHSWS)

(MDEQ 2012D)... oo se e eeeeseeeesseeeeeeseseeeeesseeeeeeees

Total recoverable (TR) and dissolved (Diss) zinc concentrations at
tributary sampling sites in the Clark Fork River Operable Unit,
2013. Figure represents data collected under the Montana
Department of Environmental Quality monitoring program. No
bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards
(ALS) and the human health surface water standard (HHSWS)

(MDEQ 2012D).......veeeeeeeeeeeeseeeeeeeseeseeeeeeeeseeeee s es s eeeseeeseeeeeeeeeeseeeses

Total recoverable zinc (Zn) compliance ratios for Silver Bow Creek
at Warm Springs site, 2011-2013. Compliance ratios are based
on the aquatic life standards (MDEQ 2012b). Figure represents
data collected under the Montana Department of Environmental

Quality MoNitoring Program. .............ueeeueeeeiiiiiiiiiiiiiieiiiee e

Total recoverable zinc (Zn) compliance ratios for Clark Fork River
near Galen site, 2010-2013. Compliance ratios are based on the
aquatic life standards (MDEQ 2012b). Figure represents data
collected under the Montana Department of Environmental Quality

(gaTe]al1(e] g ale [ o] o o] £=1 o F PP P PP PPPPPPPPP

Total recoverable zinc (Zn) compliance ratios for Clark Fork River
at Deer Lodge site, 2010-2013. Compliance ratios are based on

........ 114

........ 115

........ 117

........ 123

........ 124

XX



Clark Fork River Operable Unit Monitoring Report for 2013

Figure 1-106.

Figure 1-107.

Figure 1-108.

Figure 1-109.

Figure 1-110.

Figure 1-111.

November 2014

the aquatic life standards (MDEQ 2012b). Figure represents data
collected under the Montana Department of Environmental Quality
(gaTe]al1(e] g aTe o] o] £=1 o FU PP PP PPPPPPPPPI 125

Total recoverable zinc (Zn) compliance ratios for Clark Fork River

at Turah site, 2010-2013. Compliance ratios are based on the

aquatic life standards (MDEQ 2012b). Figure represents data

collected under the Montana Department of Environmental Quality

MONItONING PrOGIAIM. couutiuii e e e e et eeetitiee e e e e e e ettt a e e e e e e e eeastbaaaeeaaeseasstaaaaaaaaaeeesnnes 126

Total recoverable (TR) zinc (Zn) compliance ratio in the Clark Fork

River (CFR) mainstem sites, 2013. Compliance ratio is based on

the chronic and acute aquatic life standard (ALS) (MDEQ 2012b).

Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. ...................eeeeueeiemieiiimeiiiieenn. 127

Total recoverable (TR) zinc (Zn) compliance ratio in Clark Fork

River (CFR) tributary sites, 2013. Compliance ratio is based on

the chronic and acute aquatic life standard (ALS) (MDEQ 2012b).

Figure represents data collected under the Montana Department

of Environmental Quality monitoring program. .............ccccceceeueemmmmnnmmmmnnnnnnnnnnnns 128

Dissolved zinc concentrations at Clark Fork River mainstem sites,

2013. Boxplots include data collected by RESPEC for the

Montana Department of Environmental Quality and preliminary

data collected by the US Geological Survey (Source: USGS

2014). Dashed line represents the chronic aquatic life standard

(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as

CaCO3 (median hardness from all mainstem samples collected in

2013). River miles are measured downstream from the Silver

Bow Creek-Warm Springs Creek confluence. ...........cccccovvvviiiiiiiiiiiiiiiiiiiiiinnnnn. 129

Total recoverable zinc concentrations at Clark Fork River

mainstem sites, 2013. Boxplots include data collected by

RESPEC for the Montana Department of Environmental Quality

and preliminary data collected by the US Geological Survey

(Source: USGS 2014). Dashed line represents the chronic

aquatic life standard (ALS) (MDEQ 2012b) assuming water

hardness of 195 mg/L as CaCO3 (median hardness from all

mainstem samples collected in 2013). River miles are measured

downstream from the Silver Bow Creek-Warm Springs Creek

(o70] 01 [UT=Y o o7 YA UREPPPPUPR 130

Dissolved zinc concentrations at Clark Fork River tributary sites,

2013. Boxplots include data collected by RESPEC for the

Montana Department of Environmental Quality and preliminary

data collected by the US Geological Survey (Source: USGS

2014). Dashed line represents the chronic aquatic life standard

(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as

CaCO3 (median hardness from all tributary samples collected in

20 ) 131

XXi



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 1-112.

Figure 1-113.

Figure 1-114.

Figure 1-115.

Figure 1-116.

Figure 2-1.

Figure 2-2.

Figure 2-3.

Figure 2-4.

Figure 2-5.

November 2014

Total recoverable zinc concentrations at Clark Fork River tributary
sites, 2013. Boxplots include data collected by RESPEC for the
Montana Department of Environmental Quality and preliminary
data collected by the US Geological Survey (Source: USGS
2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as
CaCO3 (median hardness from all tributary samples collected in

7 ORI TP

Dissolved zinc concentrations plotted by time at Clark Fork River
mainstem sites, 2013. Chronic aquatic life standard (ALS; MDEQ
2012b) assumes water hardness of 195 mg/L as CaCO3 (median

hardness from all mainstem samples collected in 2013). .........ccccevvveeeeee.

Dissolved zinc concentrations plotted by time at Clark Fork River
mainstem sites, 2013. Chronic aquatic life standard (ALS; MDEQ
2012b) assumes water hardness of 195 mg/L as CaCO3 (median

hardness from all mainstem samples collected in 2013). .........cccovvveeeeen.

Dissolved zinc concentrations plotted by time at Clark Fork River
tributary sites, 2013. Chronic aquatic life standard (ALS; MDEQ
2012b) assumes water hardness of 174 mg/L as CaCO3 (median

hardness from all tributary samples collected in 2013). ..........ccevviiiiinnnnnnn.

Total recoverable zinc concentrations plotted by time at Clark Fork
River tributary sites, 2013. Chronic aquatic life standard (ALS;
MDEQ 2012b) assumes water hardness of 174 mg/L as CaCO3

(median hardness from all tributary samples collected in 2013). ..............

Sampling locations for environmental monitoring of the Clark Fork
River Operable Unit, 2013. Sediment samples were collected at

all sites except CFR-84F and FC-CFR. ...,

Total arsenic concentrations (wet weight [WW]) in Clark Fork River
mainstem sediment samples, 2013. Red lines represent the
“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000)............cuummmmmmmmemmennenninnnnnns

Total arsenic concentrations (wet weight [WW]) in Clark Fork River
tributary sediment samples, 2013. Red lines represent the
“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000).............euummmmmmmemmmnneininnnnnnns

Total cadmium concentrations (wet weight [WW]) in Clark Fork
River mainstem sediment samples, 2013. Red lines represent the
“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000)..........cccccovviiieiiiiiiiiieeeee,

Total cadmium concentrations (wet weight [WW]) in Clark Fork
River tributary sediment samples, 2013. Red lines represent the

........ 132

........ 133

........ 134

........ 135

........ 136

........ 150

........ 151

........ 153

XXii



Clark Fork River Operable Unit Monitoring Report for 2013

Figure 2-6.

Figure 2-7.

Figure 2-8.

Figure 2-9.

Figure 2-10.

Figure 2-11.

Figure 3-1.

Figure 3-2.

Figure 3-3.

Figure 4-4-1.

November 2014

“threshold effect concentration” (TEC) and the “probable effect
concentration” (PEC) (MacDonald et al. 2000)............oeieiiiieiiiiiiciee e 154

Total copper concentrations (wet weight [WW]) in Clark Fork River

mainstem sediment samples, 2013. Red lines represent the

“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000).............ceiiiieiiiiiiiiciee e 156

Total copper concentrations (wet weight [WW]) in Clark Fork River

tributary sediment samples, 2013. Red lines represent the

“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000)............oeeeiieeiiiiiiiciee e 157

Total lead concentrations (wet weight [WW]) in Clark Fork River

mainstem sediment samples, 2013. Red lines represent the

“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000)...........ccceeeeiiiiiiiiiiiiiceeee e, 159

Total lead concentrations (wet weight [WW]) in Clark Fork River

tributary sediment samples, 2013. Red lines represent the

“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000)...........cccceeeeieieiiiiiiiiceeee e, 160

Total zinc concentrations (wet weight [WW)]) in Clark Fork River

mainstem sediment samples, 2013. Red lines represent the

“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000)...........ccceeeeiiiiiiiiiiiiiceeee e, 163

Total zinc concentrations (wet weight [WW]) in Clark Fork River

tributary sediment samples, 2013. Red lines represent the

“threshold effect concentration” (TEC) and the “probable effect

concentration” (PEC) (MacDonald et al. 2000)............ovceeiiiiiiiiiiicciee e 164

Variability among replicates: mean scores, maximum and
minimum scores, and 95% confidence intervals for McGuire’s
overall biointegrity index. Clark Fork River basin, August 12-20,

Variability among replicates: mean scores, maximum and

minimum scores, and 95% confidence intervals for McGuire’s

metals pollution metric subset. Clark Fork River basin, August 12-

20, 203, et e e e e e e R e e e e e e e nbe e e e e e nreee e e nees 173

Variability among replicates: mean scores, maximum and

minimum scores, and 95% confidence intervals for McGuire’s

organic/nutrient pollution metric subset. Clark Fork River basin,

August 12-20, 2013 .. 174

Total percent abundance and probability of impairment for diatom

sediment increaser taxa bioassessment index (Teply 2010a) at
Clark Fork River Operable Unit sites in 2013. ..........cccoooiiiiiiiiiieenes 186

xXiii



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 4-2.

Figure 4-3.

Figure 4-4.

Figure 4-5.

Figure 4-6.

Figure 5-1.

Figure 5-2.

Figure 5-3.

Figure 5-4.

Figure 5-5.

Figure 5-6.

Figure 5-7.

Figure 5-8.

Figure 5-9.

November 2014

Total percent abundance and probability of impairment for diatom
metals increaser taxa bioassessment index (Teply and Bahls
2005) at Clark Fork River Operable Unit sites in 2013............ccccooiiiiiriiiiiiinnnnnn. 187

Total percent abundance and probability of impairment for diatom
nutrient increaser taxa bioassessment index (Teply and Bahls
2005) at Clark Fork River Operable Unit sites in 2013...........cccccooiiiiiiriiiiiinnnnnn. 188

Variation in diatom trophic state tolerance among Clark Fork River
Operable Unit monitoring sites, 2013; percent abundance of taxa
tolerant to inorganic nutrients (after Van Dam et. al 1994). ................ccc. 190

Variation in diatom nitrogen metabolism among Clark Fork River
Operable Unit monitoring sites, 2013; percent abundance of taxa
tolerant of organic nitrogen (after Van Dam et. al 1994). ..........ccccooiiiiiiiiiiinnnnnn. 191

Variation in diatom oxygen demand among Clark Fork River

Operable Unit monitoring sites, 2013; percent abundance of taxa

intolerant to elevated biological oxygen demand (BOD) and

hypoxia (after Van Dam et. @l 1994).........coooiiiiiiiiiiiiiiiiiiiiieeeeeeeeeee 191

Dimensions of the cages constructed for the study. ..o, 203

Distribution of the eleven study sites in the Upper Clark Fork River
drainage. Control sites are shown in bold and the handling control
(ESJ Lo [T [T =T o SRR 204

Representation of cage deployment (arrangement of cages
differed by site, and cages often drifted together).............ccccooiiiiinnes 205

Clark Fork River hydrograph for 2013 at the Warm Springs
gauging station in Warm Springs, Montana. .............ccccccovieiiiiiiiiiiiiiiiiiennes 208

Clark Fork River brown trout population estimates from 2008-2013
by sample reach. Please note that x-axis and y-axis values are
not the same for every sample reach. ... 210

Total mortalities and maximum daily water temperature for 2013 in
the Clark Fork River at the Mill Willow site. ........ccoooviiiiiiii, 220

Total mortalities and maximum daily water temperature for 2013 in
the Clark Fork River at the Pond 2 site.........ccoooeiiiiiiiiei, 221

Total mortalities, maximum daily water temperature, and mean
daily discharge for 2013 in the Clark Fork River at the Silver Bow
] L 222

Total mortalities, maximum daily water temperature, and mean

daily discharge for 2013 in the Clark Fork River at the Warm
SPIINGS SItB. i e aaaaaaraa 223

XXiv



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 5-10.

Figure 5-11.

Figure 5-12.

Figure 5-13.

Figure 5-14.

Figure 5-15.

Figure 5-16.

Figure 5-17.

Figure 5-18.

Figure 5-19.

Figure 5-20.

Figure 5-21.

November 2014

Total mortalities, maximum daily water temperature, and mean
daily discharge for 2013 in the Clark Fork River at the Galen Left
S| (=TT

Total mortalities, maximum daily water temperature, and mean
daily discharge for 2013 in the Clark Fork River at the Galen Right
] (= USSP

Total mortalities, maximum daily water temperature, and mean
daily discharge for 2013 in the Clark Fork River at the Deer Lodge
] (= USRI

Total mortalities , maximum daily water temperature, and mean
daily discharge for 2013 in the Clark Fork River at the site
upstream of the Little Blackfoot River............cccoooovviiiiiiiiiiiieeees

Total mortalities, maximum daily water temperature, and mean
daily discharge for 2013 at the control site in Little Blackfoot River.

Total mortalities, maximum daily water temperature, and mean
daily discharge for 2013 at the control site in Flint Creek near New
(O] 01 Ter= T o TR

Total mortalities and maximum daily water temperature for 2013 at
the control site in the spring channel near Clinton, Montana. ..........

Total mortalities, maximum daily water temperature, and mean
daily discharge for 2013 in the Clark Fork River near Turah,
MONEANA. ...

Cumulative brown trout survival calculated from April 8th to July
31st across sites for 2013 respectively......ccccceeviiiiiiiiiiiiiieeei,

Change in mean total length by site for juvenile brown trout held in
cages by site in 2013, arranged from upstream to downstream. .....

Copper and zinc tissue burdens for hatchery fish not placed in
cages. Individual samples are shown with 95% confidence
intervals. The red line in each panel indicates the copper
minimum effect threshold identified for salmonids. The black line
represents the zinc minimum effect threshold identified for
salmonids. Sample sizes represent the number of fish never
placed in cages submitted for analysis............ccoooeviiiiiiiiiienne,

Copper and zinc tissue burdens by month at Mill Willow in Warm
Springs, Montana. Both panels display individual samples
(copper in the top panel and zinc in the bottom panel) with 95%
confidence intervals. The red line in each panel indicates the
minimum effect threshold identified for salmonids. The sample
sizes in each panel represent the number of mortalities that were
individually sampled (NA = 0) for April through August. The final

................. 224

................. 225

................. 226

................. 229

................. 230

................. 233

................. 235

XXV



Clark Fork River Operable Unit Monitoring Report for 2013

sample sizes represent 14 individual samples of fish alive at the
end of the field SEASON. ..o e 236

Figure 5-22. Copper and zinc tissue burdens by month at Pond 2 in Warm
Springs, Montana. Both panels display individual samples
(copper in the top panel and zinc in the bottom panel) with 95%
confidence intervals. The red line in each panel indicates the
minimum effect threshold identified for salmonids. The sample
sizes in each panel represent the number of mortalities that were
individually sampled (NA = 0) for April through August. The final
sample sizes represent 14 individual samples of fish alive at the
end of the field SEASON. ..........uiiiii e 237

Figure 5-23. Copper and zinc tissue burdens by month at Silver Bow in Warm
Springs, Montana. Both panels display individual samples
(copper in the top panel and zinc in the bottom panel) with 95%
confidence intervals. The red line in each panel indicates the
minimum effect threshold identified for salmonids. The sample
sizes in each panel represent the number of mortalities that were
individually sampled (NA = 0) for April through August. The final
sample sizes represent 14 individual samples of fish alive at the
end of the field SEASON. .........oouiieiii e 238

Figure 5-24. Copper and zinc tissue burdens by month at Warm Springs in
Warm Springs, Montana. Both panels display individual samples
(copper in the top panel and zinc in the bottom panel) with 95%
confidence intervals. The red line in each panel indicates the
minimum effect threshold identified for salmonids. The sample
sizes in each panel represent the number of mortalities that were
individually sampled (NA = 0) for April through August. The final
sample sizes represent 14 individual samples of fish alive at the
end of the field SEASON. .........oeiiieiii e 239

Figure 5-25. Copper and zinc tissue burdens by month at Galen Left in Galen,
Montana. Both panels display individual samples (copper in the
top panel and zinc in the bottom panel) with 95% confidence
intervals. The red line in each panel indicates the minimum effect
threshold identified for salmonids. The sample sizes in each
panel represent the number of mortalities that were individually
sampled (NA = 0) for April through August. The final sample sizes
represent 14 individual samples of fish alive at the end of the field
LS T= 1T o PSSP 240

Figure 5-26. Copper and zinc tissue burdens by month at Deer Lodge in Deer
Lodge, Montana. Both panels display individual samples (copper
in the top panel and zinc in the bottom panel) with 95% confidence
intervals. The red line in each panel indicates the minimum effect
threshold identified for salmonids. The sample sizes in each
panel represent the number of mortalities that were individually
sampled (NA = 0) for April through August. The final sample sizes

November 2014 XXVi



Clark Fork River Operable Unit Monitoring Report for 2013

represent 14 individual samples of fish alive at the end of the field
EST<7= 1T o 1SR 241

Figure 5-27. Copper and zinc tissue burdens by month at the site upstream of
the Little Blackfoot River in Garrison, Montana. Both panels
display individual samples (copper in the top panel and zinc in the
bottom panel) with 95% confidence intervals. The red line in each
panel indicates the minimum effect threshold identified for
salmonids. The sample sizes in each panel represent the number
of mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual
samples of fish alive at the end of the field season. .............ccccciiiiiii i, 242

Figure 5-28. Copper and zinc tissue burdens by month at Lower Little Blackfoot
River in Garrison, Montana. Both panels display individual
samples (copper in the top panel and zinc in the bottom panel)
with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual
samples of fish alive at the end of the field season. ...............cooeiiiiiiiiinnnl. 243

Figure 5-29. Copper and zinc tissue burdens by month at Flint Creek in
Drummond, Montana. Both panels display individual samples
(copper in the top panel and zinc in the bottom panel) with 95%
confidence intervals. The red line in each panel indicates the
minimum effect threshold identified for salmonids. The sample
sizes in each panel represent the number of mortalities that were
individually sampled (NA = 0) for April through August. The final
sample sizes represent 14 individual samples of fish alive at the
end of the field SEASON. .........oeiiieiii e 244

Figure 5-30. Copper and zinc tissue burdens by month at Clinton Spring in
Clinton, Montana. Both panels display individual samples (copper
in the top panel and zinc in the bottom panel) with 95% confidence
intervals. The red line in each panel indicates the minimum effect
threshold identified for salmonids. The sample sizes in each
panel represent the number of mortalities that were individually
sampled (NA = 0) for April through August. The final sample sizes
represent 14 individual samples of fish alive at the end of the field
LS T= 1T o PSSP 245

Figure 5-31. Copper and zinc tissue burdens by month at Turah in Turah,
Montana. Both panels display individual samples (copper in the
top panel and zinc in the bottom panel) with 95% confidence
intervals. The red line in each panel indicates the minimum effect
threshold identified for salmonids. The sample sizes in each
panel represent the number of mortalities that were individually
sampled (NA = 0) for April through August. The final sample sizes

November 2014 XXVii



Clark Fork River Operable Unit Monitoring Report for 2013

represent 14 individual samples of fish alive at the end of the field
EST<7= 1T o 1SR 246

Figure 5-32. Copper and zinc tissue burdens for live fish versus dead fish at
Mill Willow in Warm Springs, Montana. Both panels display
individual samples (copper in the top panel and zinc in the bottom
panel) with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual
samples of fish alive at the end of the field season. .............ccccciiiiiii i, 247

Figure 5-33. Copper and zinc tissue burdens for live fish versus dead fish at
Pond 2 in Warm Springs, Montana. Both panels display individual
samples (copper in the top panel and zinc in the bottom panel)
with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual
samples of fish alive at the end of the field season. ...............cooeiiiiiiiiinnnl. 248

Figure 5-34. Copper and zinc tissue burdens for live fish versus dead fish at
Silver Bow in Warm Springs, Montana. Both panels display
individual samples (copper in the top panel and zinc in the bottom
panel) with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual
samples of fish alive at the end of the field season. ..............ccooeiiiiiiiiiinnnnn.o. 249

Figure 5-35. Copper and zinc tissue burdens for live fish versus dead fish at
Warm Springs in Warm Springs, Montana. Both panels display
individual samples (copper in the top panel and zinc in the bottom
panel) with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual
samples of fish alive at the end of the field season. .............ccccviieiiiiiinnnnn, 250

Figure 5-36. Copper and zinc tissue burdens for live fish versus dead fish at
Galen Left in Galen, Montana. Both panels display individual
samples (copper in the top panel and zinc in the bottom panel)
with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April

November 2014 XXViii



Clark Fork River Operable Unit

Monitoring Report for 2013

Figure 5-37.

Figure 5-38.

Figure 5-39.

Figure 5-40.

Figure 5-41.

November 2014

through August. The final sample sizes represent 14 individual

samples of fish alive at the end of the field season. ..............ccooeiiiiiiiiinnl. 251

Copper and zinc tissue burdens for live fish versus dead fish at
Deer Lodge in Deer Lodge, Montana. Both panels display
individual samples (copper in the top panel and zinc in the bottom
panel) with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual

samples of fish alive at the end of the field season. .............ccccciiiiiii i, 252

Copper and zinc tissue burdens for live fish versus dead fish at
the site upstream of the Little Blackfoot River in Garrison,
Montana. Both panels display individual samples (copper in the
top panel and zinc in the bottom panel) with 95% confidence
intervals. The red line in each panel indicates the minimum effect
threshold identified for salmonids. The sample sizes in each
panel represent the number of mortalities that were individually
sampled (NA = 0) for April through August. The final sample sizes
represent 14 individual samples of fish alive at the end of the field

LYY= To10] o TP 253

Copper and zinc tissue burdens for live fish versus dead fish at
Lower Little Blackfoot River in Garrison, Montana. Both panels
display individual samples (copper in the top panel and zinc in the
bottom panel) with 95% confidence intervals. The red line in each
panel indicates the minimum effect threshold identified for
salmonids. The sample sizes in each panel represent the number
of mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual

samples of fish alive at the end of the field season. ...............ccooeiiiiiiiiiinnnn... 254

Copper and zinc tissue burdens for live fish versus dead fish at
Flint Creek in Drummond, Montana. Both panels display
individual samples (copper in the top panel and zinc in the bottom
panel) with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April
through August. The final sample sizes represent 14 individual

samples of fish alive at the end of the field season. .............ccccevviieiiiiiiininnnn, 255

Copper and zinc tissue burdens for live fish versus dead fish at
Clinton Spring in Clinton, Montana. Both panels display individual
samples (copper in the top panel and zinc in the bottom panel)
with 95% confidence intervals. The red line in each panel
indicates the minimum effect threshold identified for salmonids.
The sample sizes in each panel represent the number of
mortalities that were individually sampled (NA = 0) for April

XXiX



Clark Fork River Operable Unit Monitoring Report for 2013

Figure 5-42.

Figure 5-43.

Figure 5-44.

Figure 5-45.

Figure 5-46.

Figure 5-47.

November 2014

through August. The final sample sizes represent 14 individual
samples of fish alive at the end of the field season. ..............ccooeiiiiiiiiinnl. 256

Copper and zinc tissue burdens for live fish versus dead fish at

Turah in Turah, Montana. Both panels display individual samples

(copper in the top panel and zinc in the bottom panel) with 95%

confidence intervals. The red line in each panel indicates the

minimum effect threshold identified for salmonids. The sample

sizes in each panel represent the number of mortalities that were

individually sampled (NA = 0) for April through August. The final

sample sizes represent 14 individual samples of fish alive at the

end of the field SEASON. ..........uiiiii e 257

Comparisons between control and treatment sites' tissue metals

burdens and number of mortalities by month. The last column of

each metals burdens figure represents the values of the fish

sampled that lived to the end of the 2013 field season and the last

column of the mortalities figure represents the total number of

mortalities during the 2013 field season. Metals burdens figures

display 95% confidence intervals. ..............cccoouiiiiiiiiiiiiiienees 260

Comparisons between upstream construction and downstream

construction sites' tissue metals burdens and number of

mortalities by month. The last column of each metals burdens

figure represents the values of the fish sampled that lived to the

end of the 2013 field season and the last column of the mortalities

figure represents the total number of mortalities during the 2013

field season. Metals burdens figures display 95% confidence

INEEIVAIS. .ceeeec e e 261

Comparisons between upper and lower sites' tissue metals

burdens and number of mortalities by month. The last column of

each metals burdens figure represents the values of the fish

sampled that lived to the end of the 2013 field season and the last

column of the mortalities figure represents the total number of

mortalities during the 2013 field season. Metals burdens figures

display 95% confidence intervals. ..................uuuiiiiiiiiiiiiiiis 262

Results of logistic regression performed on probability of survival
given copper tissue burden on fish sampled from the 2013 field
season. Live fish are represented by 1 and dead fish are
(=T o =TT=T a1 (=To [ oY PP 263

Quadrant analysis of fish mortalities from treatment sites in main
area of concern (treatment sites from Pond 2 downstream to
upstream of the Little Blackfoot River). The vertical line
represents copper minimum effect threshold. The horizontal line
represents the upper critical temperature threshold for brown trout.
Quadrant one (Q1) contains fish mortalities related to water
temperature, quadrant two (Q2) contains fish mortalities related to
a combination of water temperature and copper tissue metals

XXX



Clark Fork River Operable Unit Monitoring Report for 2013

Figure 5-48.

Figure 5-49.

Figure 5-50.

Figure 5-51.

Figure 5-52.

Figure 5-53.

Figure 5-54.

Figure 5-55.

November 2014

burdens, quadrant three (Q3) contains fish mortalities related to

copper tissue metals burdens, and quadrant 4 (Q4) contains fish

mortalities related to unknown causes. Sample sizes are

indicated in each quadrant by N =...........oii e, 264

Arsenic compliance ratios at the cage sites in 2013 arranged from

upstream to downstream. Compliance ratios were calculated by

dividing arsenic concentrations by the calculated chronic aquatic

life standards. Compliance ratio values <1 indicate arsenic levels

below the aquatic life standard (compliance) while values >1

indicate levels above the standard (non-compliance)............ccccccvvviiiiiiiiinnnnnn. 267

Cadmium compliance ratios at the cage sites in 2013 arranged

from upstream to downstream. Compliance ratios were calculated

by dividing arsenic concentrations by the calculated chronic

aquatic life standards. Compliance ratio values <1 indicate

arsenic levels below the aquatic life standard (compliance) while

values >1 indicate levels above the standard (non-compliance)...................... 268

Copper compliance ratios at the cage sites in 2013 arranged from

upstream to downstream. Compliance ratios were calculated by

dividing arsenic concentrations by the calculated chronic aquatic

life standards. Compliance ratio values <1 indicate arsenic levels

below the aquatic life standard (compliance) while values >1

indicate levels above the standard (non-compliance)............ccccccccvvceeiiiiinniinnn, 269

Lead compliance ratios at the cage sites in 2013 arranged from

upstream to downstream. Compliance ratios were calculated by

dividing arsenic concentrations by the calculated chronic aquatic

life standards. Compliance ratio values <1 indicate arsenic levels

below the aquatic life standard (compliance) while values >1

indicate levels above the standard (non-compliance)..........ccccccvvvvivviiiiieeeennen. 270

Zinc compliance ratios at the cage sites in 2013 arranged from

upstream to downstream. Compliance ratios were calculated by

dividing arsenic concentrations by the calculated chronic aquatic

life standards. Compliance ratio values <1 indicate arsenic levels

below the aquatic life standard (compliance) while values >1

indicate levels above the standard (non-compliance)..........ccccccvvvvvviiieiieeeennen. 271

Mean daily water pH at sites with probes deployed in 2013. Lines
represent Hydrolab data and circles represent handheld
MUILIPrODE data. .....ccovviiiiiiiiiiiiiiiiiiiieee e 274

Mean daily oxidation reduction potential at sites with probes
deployed in 2013. Lines represent Hydrolab data and circles
represent handheld multiprobe data. ... 274

Mean daily specific conductivity at sites with probes deployed in

2013. Lines represent Hydrolab data and circles represent
handheld multiprobe data..............ooooi 275

XXXi



Clark Fork River Operable Unit Monitoring Report for 2013

Figure 5-56. Mean daily luminescent dissolved oxygen at sites with probes
deployed in 2013. Lines represent Hydrolab data and circles
represent handheld multiprobe data. The red dashed horizontal
line denotes the freshwater ALS one day minimum...............ccccccieiiineeennenen, 275

November 2014 XXXii



Clark Fork River Operable Unit Monitoring Report for 2013

EXECUTIVE SUMMARY

This performance monitoring program evaluates the progress of remedial actions in the Clark
Fork River Operable Unit (CFROU) of the Milltown Reservoir/Clark Fork River Superfund sites
toward meeting established remedial performance goals. Environmental media monitored in
2013 included surface water, instream sediment, macroinvertebrates, periphyton, and fish. This
report summarizes results of data collected for each of these environmental media and
evaluates progress toward attainment of remedial performance goals as of 2013.

Heavy metals originating from historic mining, milling and smelting processes associated with
operations in Butte and Anaconda accumulated in the Clark Fork River streambanks and
floodplain over a period of at least 100 years. The primary sources of contamination are tailings
and contaminated sediments mixed with soils in the streambanks and floodplains, which erode
during high streamflow events and enter the river and other surface waters. In addition to
erosion, heavy metals are leached from the contaminated sediments and tailings directly into
the groundwater and eventually to surface water. These contaminant transport pathways result
in impacts to terrestrial and aquatic life along the Clark Fork River as described in the Record of
Decision (ROD) for the site.

The Montana Department of Environmental Quality (MDEQ), as lead agency and in consultation
with the U.S. Environmental Protection Agency (USEPA) and the National Park Service,
oversees, manages, coordinates, designs, and implements remedial actions for the Clark Fork
River site. The MDEQ coordinates with the Natural Resource Damage Program (NRDP) of the
Montana Department of Justice for implementation and integration of restoration components to
supplement the remedial actions. The MDEQ coordinates with the National Park Service to
implement remedial actions on the Grant-Kohrs Ranch.

Data collected in 2013 represents the fourth year of monitoring in the CFROU. Remediation
activities were just beginning in the CFROU in 2013. Active remediation was in progress in only
the uppermost 1.6 mile reach of the Clark Fork River (Phase 1 of Reach A), immediately
downstream from the Warm Springs Creek and Silver Bow Creek confluence. Reach A of the
CFROU, extending from the Warm Springs Creek and Silver Bow Creek confluence
downstream to the Little Blackfoot River confluence, has the largest volume of streamside
tailings in the CFROU.

Monitoring under this program was first conducted by MDEQ and RESPEC personnel in the
spring of 2010, prior to initiation of any remediation actions within the CFROU. Since 2010,
some monitoring sites have been added to the monitoring program in Clark Fork River
tributaries. In addition, this monitoring program has been coordinated with long-term monitoring
by the U.S. Geological Survey (USGS) to complement data collected by the USGS and
minimize data duplication by each program. Monitoring methods and quality assurance
protocols guiding collection and analysis of the data described in this report are summarized in
the project sampling and analysis plan (SAP) and the project quality assurance project plan
(QAPP).

The CFROU monitoring network in 2013 included fourteen sites; six mainstem sites and eight
tributary sites. Not all sites were sampled for each environmental medium or for each analyte of
each environmental medium (e.g., some surface water sites were only sampled for mercury and
methylmercury rather than the full suite of analytes). Monitoring site locations changed between
2012 and 2013 to provide a more detailed spatial representation of the Clark Fork River
mainstem in the upstream most portion of the CFROU where active remediation is occurring.
For surface water and instream sediment, the monitoring program primarily monitored
concentrations of metal contaminants of concern (i.e., arsenic, cadmium, copper, lead, and
zinc). However, for surface water additional data was collected including nutrient and common
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ion concentrations, and other field parameters (e.g., acidity). Surface water samples were
collected during each calendar quarter with two additional samples collected during the spring
snowmelt runoff period. Sediment samples were collected during the first and third quarters.
Macroinvertebrate and periphyton samples were collected during the summer (third quarter).
Fisheries data, collected by Montana Fish Wildlife and Parks, included trout population
abundance at long-term reference sites and in situ mortality of confined fish at selected sites.

In 2013, streamflows throughout the upper Clark Fork River watershed were well below normal.
Reduced streamflows in 2013 likely contributed to the relatively low metal concentrations during
the spring snowmelt period and the high maximum water temperatures during the summer.
Compared to prior monitoring years (2010-2012), there were relatively few surface water
samples with contaminant of concern (COC) concentrations exceeding performance goals in
2013. No samples had cadmium or zinc concentrations above the performance goals in 2013.

Although COC concentrations in surface water overall were relatively low in 2013, arsenic and
copper exceedances of performance goals were common, particularly in Reach A. In Reach A,
arsenic exceeded performance goals in 83% of the mainstem samples. Primary arsenic
sources appear to be two headwater tributaries; Silver Bow Creek (including the Warm Springs
Ponds complex) and Mill-Willow Creek (including the Mill-Willow Bypass). In Silver Bow Creek
and Mill-Willow Creek, 94% of the samples exceeded the arsenic performance goals. Copper
exceeded the performance goals in all mainstem sites during two of the three spring runoff
sampling events and exceeded performance goals at Deer Lodge during all sampling events
except during the third quarter. As in previous years, samples from Flint Creek and the Clark
Fork River mainstem had elevated mercury concentrations which exceeded the human health
surface water standard by as much as 30 times during the runoff period.

Sediments had elevated COC concentrations in mainstem sample sites in Reach A and the
lowest concentrations were generally observed at the downstream-most site at Turah in 2013.
Sediment arsenic, copper, and lead concentrations frequently exceeded the sediment reference
benchmarks in the mainstem. Tributaries with elevated sediment metal concentrations included
the Mill-Willow Bypass (arsenic), Silver Bow Creek at Warm Springs (cadmium and zinc), Warm
Springs Creek (copper), and Mill-Willow Creeks (lead).

Macroinvertebrate bioindex scores achieved the reference benchmark (i.e., score of at least
80% for the metals tolerance index) at all mainstem monitoring sites in 2013. Some tributary
sites however did not meet the reference benchmark including sites in Warm Springs Creek,
Silver Bow Creek, and Racetrack Creek. Of all macroinvertebrate monitoring sites, Racetrack
Creek had the lowest metals tolerance index (60%).

Results of periphyton sample analyses indicate that CFROU sites were likely impaired by
sediment, metals, and nutrients. Bioindex scores in 2013 indicated that the probability of
impairment from sediment was greatest in the mainstem at the upstream-most sites with
impairment probabilities ranging from 46-75%. The probability of impairment from metals was
at least 80% at all mainstem sites except for at Deer Lodge (29%). The probability of
impairment from nutrients was at least 80% at all mainstem sites except at Deer Lodge (15%)
and at Turah (59%). In the tributary sites, the probability of impairment from sediment exceeded
50% in Mill-Willow Creek, Warm Springs Creek, and the Little Blackfoot River. In the tributary
sites the probability of impairment exceeded 80% in Silver Bow Creek (metals and nutrients)
and the Little Blackfoot River (nutrients).

Based on fish population monitoring in the Clark Fork River, brown trout abundance appeared to
increase throughout the upper Clark Fork River in 2013. This trend was observed for all sample
sections except for the Bearmouth section in Reach C. Although brown trout abundance did not
increase, westslope cutthroat trout abundance increased in the Bearmouth section from 2009
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through 2013. The cause of the low trout abundances in the Clark Fork River in Reach C is
unclear, as is the cause of the recent increase in westslope cutthroat trout abundance in Reach
C.

The majority of fish mortality observed during the 2013 in situ fish mortality study occurred in
April, May, and July. Mortality was likely the result of the cumulative effect of multiple
environmental stressors including metals and elevated water temperatures, and at some sites
additionally elevated pH and low dissolved oxygen concentrations. Mortality occurred primarily
in July as water temperatures approached or exceeded the upper critical temperature threshold
for brown trout (19.0 °C). Water temperatures exceeded the upper incipient lethal temperature
for brown trout (24.7 °C) at seven sites in 2013: Mill-Willow Creek, the Pond 2 discharge, Silver
Bow Creek, the Clark Fork River at Deer Lodge, the Clark Fork River immediately above the
Little Blackfoot River confluence, in the Little Blackfoot River, and in Flint Creek. Prior to 2013,
only two sites had water temperatures exceeding 24.7 °C. In addition to apparently causing
increased mortality, elevated water temperatures likely negatively influenced feeding and
growth, and increased susceptibility to other environmental stressors (e.g., metal toxicity), and
diseases.
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1.0 SURFACE WATER

1.1 PERFORMANCE GOALS

Remediation performance standards were establishend in the Clark Fork River Operable Unit
(CFROU) Record of Decision (ROD) for surface water, groundwater, and vegetation (USEPA
2004). The performance standard for surface water quality is for concentrations of all metal
contaminants of concern (COC) to be below the performance standards identified in the CFROU
ROD (Table 1-1). The remedy for the Clark Fork River is expected to achieve this standard
through the removal of contaminated floodplain soils (i.e., “slickens”), in situ (i.e., on site)
treatment of floodplain soils with relatively low COC concentrations, and streambank
stabilization. Additional removals of contaminated floodplain materials, proposed as part of
remediation, may reduce arsenic concentrations as well. When the remediation activities are
completed, surface water quality in the Clark Fork River is expected to fully support the growth
and propagation of coldwater fishes (e.g., salmonids) and associated aquatic life. Surface
waters will be monitored at specific locations along the Clark Fork River. Performance
standards must be met at each location in order for the remedial actions to be considered
successful.

Table 1-1. Remediation performance standards for surface water in the Clark Fork River
Operable Unit (USEPA 2004).

Performance Standard
Contaminant of Aquatic Life Standard* Human Health or Drinking
Concern Chronic (ug/L) Acute (ug/L) Water Standard (ug/L)
Arsenic 150 340 10/18°
Cadmium 0.25 2 5
Copper® 9 13 1,300
Lead 3.2 81 15
Zinc 119 119 2,000

1.2 METHODS

The purpose of the surface water monitoring program is to collect data describing the temporal
and spatial variation of metal and nutrient concentrations, and other physical properties of
surface water in the CFROU. These data provide a long-term record of environmental
conditions in the CFROU. As of 2013, four years of CFROU surface water data (2010-2013)
has been collected under this monitoring program. This long-term record provides a dataset to
evaluate the effect of remediation on environmental conditions in the CFROU over time.
Changes to the surface water monitoring program have occurred over time and a record of
these changes is provided in the program monitoring plan (Atkins 2013).

' The aquatic life standards for cadmium, copper, lead, and zinc vary in relation to water hardness. The
values displayed in this table correspond to a water hardness of 100 mg/L.

’The performance standard includes both the federal maximum contaminant level (MCL; 10 ug/L;
dissolved concentration) and the State of Montana standard (18 ug/L; total recoverable concentration).
® Based on the federal ambient water quality criteria (USEPA 1986; dissolved concentration).
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1.2.1 Data Validation

Data quality objectives (DQOs) were established in the CFROU monitoring project sampling and
analysis plan and quality assurance project plan (SAP/QAPP) for “data representativeness”,
“comparability”, “completeness”, “sensitivity”, “precision”, “bias”, and “accuracy” (Atkins 2013).
Methods for field and laboratory quality assurance and quality control (QA/QC) procedures are
also described in detail in the project SAP/QAPP. A completed QA/QC checklist, summary
tables of field duplicate and field blank results, and assessments of data quality objectives are

included in Appendix A.

1.2.2 Monitoring Locations

Surface water was monitored at 12 CFROU sites in 2013 (Figure 1-1). The monitoring network
included six sites in the Clark Fork River mainstem and six sites in tributary streams (Table 1-2).
Monitoring site locations changed between 2012 and 2013 to provide a more detailed spatial
representation of the Clark Fork River mainstem in the upstream most portion of the CFROU
where active remediation is occurring. Some sites which had previously been monitored in the
CFROU under this program were removed from the monitoring network in 2013 to avoid
duplication of water quality sampling efforts by the USGS (Dodge et al. 2014). A record of
changes to this monitoring program since monitoring began in 2010 is provided in the project
sampling and analysis plan (Appendix B in Atkins 2013).
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Figure 1-1. Approximate sampling locations for environmental monitoring of the Clark Fork

River Operable Unit, 2013. Surface water samples were collected at all sites except
LC-7.5and RTC-1.5.
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Table 1-2. Surface water sampling locations in the Clark Fork River Operable Unit, 2013.
Streamflows were measured at all sample sites which did not have a co-located USGS
streamflow gauge.

COJgCGaSted Location (GPS coordinates, NAD
Site ID Site Location Streamflow 83)
CEES Latitude | Longitude
Mainstem Sites
CFR-03A Clark Fork River near Galen 12323800 46.20877 -112.76740
CFR-07D Clark Fork River at Galen Road none 46.23725 -112.75302
CFR-11F Clark Fork River at Gemback Road none 46.26520 -112.74430
CFR-27H Clark Fork River at Deer Lodge 12324200 46.39796 -112.74283
CFR-84F* Clark Fork near Drummond 12331800 46.71204 -113.33137
CFR-116A Clark Fork at Turah 12334550 46.82646 -113.81424
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 12323750 46.18123 -112.77917
MCWC-MWB Mill-Willow Creek at Frontage Road none 46.12649 -112.79876
MWB-SBC Mill-Willow Bypass near mouth none 46.17839 -112.78270
WSC-SBC Warm Springs Creek near mouth 12323770 46.18041 -112.78592
LC-7.5° Lost Creek near mouth 12323850 46.21862 -112.77384
LBR-CFR Little Blackfoot River near Garrison 12324590 46.51964 -112.79312
FC-CFR® Flint Creek near mouth 12331500 46.62891 -113.15151

1.2.3 Monitoring Schedule

At least one monitoring event occurred during each calendar quarter of 2013. Each quarterly
monitoring event occurred near the end of each quarter with the exception of the second quarter
(Q2) spring monitoring events. The first quarter monitoring event (Q1) occurred in the late
winter on March 19-20. Three monitoring events were conducted in Q2 to capture the rising
(Q2-Rising), peak (Q2-Peak), and falling (Q2-Falling) portions of the spring runoff hydrograph.
The Q2 monitoring events occurred on May 14-16 (Q2-Rising), June 11-13 (Q2-Peak), and
June 25-27 (Q2-Falling). The late summer (Q3) monitoring event was scheduled during low
streamflow conditions on September 17-18. The late fall (Q4) monitoring event occurred on
November 25-26.

1.2.4 Monitoring Parameters

Surface water samples were analyzed for the parameters and analytes listed in Table 1-3.
Parameters and analytes were the same at all sites with the exception of FC-CFR and CFR-84F

*In 2013, surface water samples at site CFR-84F were only analyzed for mercury and methylmercury in
the MDEQ monitoring program. However, the USGS collected surface water samples and analyzed
those for all metal contaminants of concern at this site (USGS 12331800) in 2013.

® In 2013, no surface water samples at site LC-7.5 were collected in the MDEQ monitoring program.
However, the USGS collected surface water samples and analyzed them for all metal contaminants of
concern at this site (USGS 12323850) in 2013.

® In 2013, surface water samples at site FC-CFR were only sampled for mercury and methylmercury in
the MDEQ monitoring program.
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where only field parameters and mercury and methylmercury concentrations were analyzed in
addition to field parameters analytes.

Table 1-3. Sampling parameters and analytes for surface water monitoring of the Clark Fork River
Operable Unit, 2013.

Parameter Analytes

Metal concentrations (total Arsenic, cadmium, copper, lead, zinc, mercury, methylmercury
recoverable and dissolved)7

Nutrient Nitrogen (total nitrogen, nitrate plus nitrite, ammonia), phosphorus (total)
concentrations

Common ion concentrations | Sulfate, alkalinity, bicarbonate
(total)

Field parameters Total suspended solid (TSS) concentration, hardness, water temperature,
pH, specific conductivity, dissolved oxygen (DO) and dissolved organic
carbon (DOC) concentrations, turbidity

Nine of the 14 monitoring stations in the MDEQ Clark Fork River monitoring network are co-
located at active USGS streamflow gauging stations (Table 1-2). USGS streamflow records
were accessed and included in this report. Streamflows at monitoring stations without co-
located USGS gauges were measured manually.

1.2.5 Sample Collection and Analysis Procedures

Sample collection, analysis, and quality assurance procedures were described in the quality
assurance project plan (Atkins 2013). Methods generally followed standard operating
procedures (SOPs) developed for the Clark Fork River (ARCO 1992). Field sampling
procedures were in accordance with MDEQ (2012a) and followed “clean hands/dirty hands”
procedures as described in USGS (2006). Composited surface water samples were collected
using width-depth integration according to methods described in USGS (2006). When
streamflows were high and samples could not be collected by wading, samples were collected
with the aid of a crane mounted D-95 sampler operated from road bridges. Field parameters
(water temperature, pH, dissolved oxygen concentration, and conductivity) were measured
during each monitoring event with a field multimeter (YSI Professional Plus). Turbidity was
measured with a field turbidity meter (Hach Model 2100P Portable Turbidimeter). Streamflows
were measured using a portable electromagnetic streamflow meter (Marsh-McBirney Flo-Mate
2000). Calibration methods for field meters, data recording and handling methods, and quality
assurance and quality control procedures are described in the quality assurance project plan
(Atkins 2013). Samples were analyzed by Energy Laboratories (Helena, Montana). Laboratory
analysis procedures for each analyte are presented in Table 1-4.

! Mercury and methylmercury concentrations were only analyzed at FC-CFR and CFR-84F.
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Table 1-4. Analytes and methods for surface water samples in the Clark Fork River Operable
Unit, 2013. All samples were analyzed by Energy Laboratories in Helena, Montana.
Parameter Category Method
Arsenic, As (Dissolved) E200.8
Arsenic, As (Total Recoverable) E200.8
Cadmium, Cd (Dissolved) E200.8
Cadmium, Cd (Total Recoverable) E200.8
Copper, Cu (Dissolved) E200.8
Copper, Cu (Total Recoverable) Contaminants of Concern E200.8
Lead, Pb (Dissolved) E200.8
Lead, Pb (Total Recoverable) E200.8
Mercury, Hg (Total) E245.1
Methylmercury E1630
Zinc, Zn (Dissolved) E200.8
Zinc, Zn (Total Recoverable) E200.8
Calcium, Ca E200.7
Magnesium, Mg E200.7
Sulfate, SO, Common lons E300.0
Total Alkalinity, as CaCOj; and A2320 B
Bicarbonate Alkalinity, as HCO; Suspended Sediment A2320 B
Hardness, as CaCOj; (Calculated) A2340 B
Total Suspended Sediment, TSS A2540 D
Nitrogen, Ammonia as (NH3-N) E350.1
Nitrogen, Nitrate plus Nitrite (NO3&NO2-N . E353.2
Nitrogen, Total ° (s =t Nutrients A4500 N-C
Phosphorus, Total E365.1

1.2.6 USGS Data

The U.S. Geological Survey (USGS) has been collecting surface water chemistry data in the
upper Clark Fork River basin for several decades, with records from some sites extending back
to at least 1969 (USGS 2014). In order to minimize data duplication, the MDEQ monitoring
program has discontinued sampling at certain sites in the CFROU which were already sampled
under the USGS monitoring program. Some sites continue to be monitored by both programs.
This report primarily presents and discusses 2013 sampling results from the MDEQ monitoring
program, but preliminary monitoring results for COC metals (arsenic, cadmium, copper, lead,
and zinc) from the 2013 USGS monitoring program have also been included and briefly
discussed. Inclusion of both MDEQ and USGS monitoring data provides a more robust data set
to evaluate progress toward attainment of remedial performance goals, improves the ability to
evaluate spatial and temporal trends, and provides the ability to compare results from each
program for quality control purposes.

USGS sample collection and analysis methods in 2013 were generally similar to those
implemented in the MDEQ monitoring program. For example, both programs collected width-
depth integrated samples following USGS methods (USGS 2006) and dissolved samples were
filtered at 0.45 uym pore size. However, there were minor differences in sample collection
methods between the two programs. For example, the USGS program filters dissolved samples
using a peristaltic pump whereas the MDEQ program filters dissolved samples using handheld
syringes.
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USGS data was downloaded from the USGS website on April 25, 2014 (USGS 2014). At that
time, data results were preliminary and subject to revision pending internal quality control and
quality assurance review. All USGS data included in this report should therefore be interpreted
with caution. General sampling methods of the USGS monitoring program are described in a
recent data summary report (Dodge et al. 2014). The report summarizing methods used for
collection of the 2013 USGS data included in this report was not yet available at the time this
report was written.

1.2.7 Data Analysis

Data analysis included description of spatial trends and temporal (quarterly and annual) trends
in analyte (metals and nutrients) concentrations and physical properties. Attainment of
performance goals was assessed by comparing analyte concentrations at specific sites to
remedial performance goals. Assessment of nutrient monitoring results also included
comparisons of total nitrogen and total phosphorus concentrations to numeric water quality
standards for the Clark Fork River (ARM 17.30.631).

Evaluation of some performance goals requires an assumption that the measured analyte
concentrations are consistent over time. For example, the chronic aquatic life standard (ALS) is
typically based on 96-hour mean concentrations (MDEQ 2012b). Similarly, the acute ALS are
typically based on a 1-hour mean concentration (MDEQ 2012b). However, in this monitoring
program analyte concentrations are measured at a specific point in time and mean
concentrations over time are not available. Therefore, all assessments of ALS exceedances
assume that the measured concentration was representative of the required mean
concentration.

Compliance ratios were computed by dividing each total recoverable arsenic concentration
during the MDEQ monitoring period in the CFROU 2010-2013 by the respective performance
standard. Compliance ratio results are presented as line graphs on a semi-logarithmic scale
ranging from 0.01 to 100, with a value of 1.0 corresponding to 100% of the performance
standard value. Values exceeding 1.0 represent exceedances of the performance standard.

Finally, data from the USGS and MDEQ monitoring programs in 2013 were combined to
evaluate spatial and seasonal variation in COC concentrations. Spatial variance among sample
sites in the CFROU were evaluated visually by developing simple boxplots. Seasonal variation
in COC concentrations at each site were evaluated visually by plotting all data in scatterplots at
each site.

1.3 RESULTS

1.3.1 Data Validation

Data derived from laboratory analysis of surface water and instream sediment samples
collected at upper Clark Fork River locations were validated through field quality control
samples (i.e., field duplicates and field blanks) and laboratory control samples (lab duplicates,
blanks, spikes, and reference and calibration standards. Analysis of field quality measures are
described in Appendix A. Results of laboratory quality control measures are described in
Appendix B.

Analysis results for surface water field duplicate samples were within acceptable limits for the
majority of chemical parameters during all quarters of 2013. The relative percent difference
(RPD) between field sample and field duplicate analyte pairs was <25% for 200 of 206 (96%) of
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the samples compared. Sample and duplicate pairs which exceeded an RPD of 25% were
dissolved copper (Q1), total suspended sediment (Q2-Rising, Q2-Falling, Q3, and Q4); and total
nitrogen (Q4).

Analyte concentrations were below reporting limits in 192 of 206 (93%) of the field blank
samples (i.e., deionized water samples prepared in the same manner as field sample) in 2013.
Analyte concentrations in field blanks which exceeded the reporting limits in 2013 included
dissolved organic carbon (Q1, Q2-Rising, Q2-Peak, Q2-Falling, Q3), dissolved zinc (Q1, Q2-
Rising, Q2-Peak, Q2-Falling, Q3), methylmercury (Q2-Rising, Q2-Peak, Q2-Falling), and total
suspended sediment (Q2-Peak). All analyte concentrations in field blanks which exceeded the
reporting limit were at or near the respective reporting limit, suggesting trace level
contamination.

In addition to contamination of field blanks with dissolved zinc and dissolved organic carbon, it
was observed that one third (20 of 60) of the field samples had dissolved zinc concentrations
which exceeded the total recoverable zinc concentration. Dissolved concentrations exceeding
total recoverable concentrations indicate that field contamination has occurred. We suspect that
the sample field filter device used in this monitoring program is responsible for the dissolved
zinc contamination because no unfiltered (i.e., total recoverable) field blanks have had zinc
concentrations above the reporting limit.

Laboratory control samples were within acceptable limits for all surface water parameters during

all monitoring events in 2013. Data quality objectives (“representativeness”, “comparability”,

and “completeness”) were met, and data quality indicators (“sensitivity”, “precision”, “bias”, and
“accuracy”) were acceptable as established in project quality assurance project plan (Atkins

2013).

1.3.2 Streamflows

At all sites, during almost all monitoring periods, streamflows in the upper Clark Fork River
watershed were below normal in 2013. Additionally, the actual peak of the spring snowmelt
hydrograph occurred at most sites in late-May whereas the Q2-Peak sampling occurred
approximately two weeks later at most sites. The Q4 monitoring event was conducted during
more normal streamflows for those dates.

Streamflows at the CFROU monitoring stations during the 2013 calendar year are depicted in
hydrographs for USGS gauging stations Silver Bow Creek at Warm Springs (USGS 12323750),
Clark Fork near Galen (USGS 12323800), at Deer Lodge (USGS 12324200), near Drummond
(USGS 12331800), and at the Turah Bridge (USGS 12334550) in Figure 1-2 through Figure 1-6.
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Figure 1-3. Hydrograph for Clark Fork River near Galen, 2013.
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Figure 1-6. Hydrograph for Clark Fork River at Turah Bridge, 2013.
1.3.3 Field Parameters

1.3.3.1 Water Temperature

Water temperatures at CFROU sites in 2013 indicated modest seasonal and spatial variation
that was generally within the preferred range of cold water organisms such as trout (Figure 1-7;
Figure 1-8). Maximum water temperatures at nearly all of the CFROU monitoring stations
during the six monitoring events in 2013 were observed during the Q2-Falling monitoring event,
when temperatures at some sites slightly exceeded the 12—14°C optimal temperature range for
trout. The one exception was Silver Bow Creek at Warm Springs, which had the highest
temperature during the Q2-Peak monitoring event. The maximum water temperature (17.4°C)
occurred in the Little Blackfoot River during the Q2-Falling monitoring event. The minimum
water temperatures occurred during Q4 and ranged from 0-2.5°C.

There was no clear spatial trend in water temperature at the mainstem Clark Fork River sites in
2013. Water temperature differences between sites during any single monitoring event were
generally small. Water temperatures at CFROU mainstem monitoring stations during 2013
monitoring events were generally within the range of temperatures recorded during the 2010-
2012 monitoring years. During 2013 monitoring events, several of the five tributary monitoring
sites had water temperatures that were somewhat more variable than the Clark Fork River
mainstem stations, particularly the Little Blackfoot River (Figure 1-8).
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Figure 1-7. Surface water temperatures at mainstem sampling sites in the Clark Fork River
Operable Unit, 2013.
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Figure 1-8. Surface water temperatures at tributary sampling sites in the Clark Fork River

Operable Unit, 2013.
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1.3.3.2 Acidity

In 2013, pH in the upper Clark Fork River mainstem monitoring stations ranged from 7.86-8.73
(Figure 1-9). Tributary monitoring stations had a slightly greater pH range: 7.87-9.20 (Figure 1-
10). One measurement from the Silver Bow Creek at Warm Springs site had a pH (9.20)
outside the optimal range for the protection of aquatic life (6.5-9.0). There was no readily
apparent seasonal pattern in pH in 2013. Spatially, the highest pH values tended to occur in the
upstream sites including Silver Bow Creek at Warm Springs and the Clark Fork River near
Galen sites. The pH levels at CFROU monitoring stations in 2013 were within the range of the
measurements observed in 2010-2012.
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Figure 1-9. Surface water pH at mainstem sampling sites in the Clark Fork River Operable Unit,
2013.
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Figure 1-10.  Surface water pH at tributary sampling sites in the Clark Fork River Operable Unit,

2013.
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1.3.3.3 Conductivity

The highest conductivities in most sites occurred in Q3 and Q4 and November. The lowest
conductivities occurred during the Q2 monitoring events. Conductivity in the mainstem Clark
Fork tended to progressively increase from the headwaters station near Galen downstream to
Deer Lodge. In the mainstem, conductivity was always lowest in the at Turah, downstream from
the Rock Creek confluence. Conductivity in 2013 ranged from 111-560 uS/cm. Conductivity
increased substantially between the Mill-Willow Creek and Mill-Willow Bypass sites, particularly
in Q1, Q3, and Q4 (Figure 1-12). The lowest conductivity occurred Mill-Willow Creek at
Frontage Road during the Q2-Peak monitoring event. The highest conductivity occurred in the
Mill-Willow Bypass in Q3 (Figure 1-11). The conductivity range at CFROU monitoring stations
in 2013 (111-560 pS/cm) was slightly higher than the range in 2010 (176-466 uS/cm), 2011
(113-439 uS/cm), and 2012 (138-456 uS/cm).
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1.3.3.4 Dissolved Oxygen

Dissolved oxygen concentrations in the upper Clark Fork River in 2013 ranged from 8.45-15.20
mg/L. The minimum dissolved oxygen concentration was observed at the Clark Fork at Turah
site in Q3 and the maximum concentration was observed in the Clark Fork River at Gemback
Road in Q4 (Figure 1-13; Figure 1-14). No dissolved oxygen measurements indicated water
quality or water use limitations associated with inadequate oxygen concentrations. There were
no clear spatial trends in dissolved oxygen concentration in 2013. The highest dissolved
oxygen concentrations at each monitoring station were observed during Q4. The observed
range of dissolved oxygen concentrations at Clark Fork River mainstem sites in 2013 (8.45-
15.20 mg/L) was similar to the observed range in 2010 (8.69-15.03 mg/L), 2011 (8.60-14.85
mg/L), and 2012 (8.49-14.05 mg/L).
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Figure 1-13.  Dissolved oxygen concentrations at mainstem sampling sites in the Clark Fork
River Operable Unit, 2013.
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Figure 1-14.  Dissolved oxygen concentrations at tributary sampling sites in the Clark Fork
River Operable Unit, 2013.
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1.3.3.5 Turbidity

At all sites except Silver Bow Creek at Warm Springs, turbidity during the 2013 Q2-Rising
monitoring event was significantly elevated compared to other monitoring events. Turbidity
generally increased at each downstream Clark Fork River mainstem site during the Q2-Rising
monitoring event (Figure 1-15). With the exception of Q2-Rising, turbidity was generally low
during 2013 monitoring events (1-9 NTU; Figure 1-15; Figure 1-16). However, turbidity was
high (16.6 NTU) at the Clark Fork at Deer Lodge monitoring station in Q4. Turbidity field
measurements at CFROU mainstem monitoring stations in Q1, Q3, and Q4 of 2010, 2011,
2012, and 2013 were similar. In Q2 2011, turbidity during peak spring snowmelt runoff
conditions were higher than during the same periods in 2010, 2012 and 2013. The Q2-Rising
turbidity at mainstem Clark Fork River monitoring sites was lower than the turbidity during the
same sample period in 2010, 2011, and 2012.
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Figure 1-15.  Turbidity at mainstem sampling sites in the Clark Fork River Operable Unit, 2013.
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Figure 1-16.  Turbidity at tributary sampling sites in the Clark Fork River Operable Unit, 2013.
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1.3.4 Total Suspended Sediment

Generally, total suspended sediment concentrations at Clark Fork River mainstem monitoring
stations in 2013 were elevated at about half of the sites in Q1, were very high at all mainstem
sites during the Q2-Rising monitoring event, were somewhat elevated during the Q2-Peak
monitoring event, and were relatively low during all other sample periods in 2013 (Figure 1-17).
However, total suspended sediment concentrations at the Clark Fork River at Deer Lodge
station in Q4 were quite high (Figure 1-17).

Total suspended sediment concentrations measured at the tributary monitoring stations during
2013 were less variable than at the mainstem stations (Figure 1-17; Figure 1-18). Total
suspended sediment measurements at each of the five tributary stations tended to be 10 mg/L
or less. The exceptions were Warm Springs Creek during the Q2-Rising and Q2-Peak
monitoring events and in the Little Blackfoot River during the Q2-Rising monitoring event (Figure
1-18).

The Q2-Rising monitoring event had a spatial pattern of downstream increases in total
suspended sediment, from Silver Bow Creek at Warm Springs (6 mg/L) to the Clark Fork at
Turah (44 mg/L) (Figure 1-17; Figure 1-18). Total suspended sediment concentrations were
similar at the three mainstem Clark Fork stations from Galen Road to Deer Lodge.

Total suspended sediment concentrations increased most significantly in the reach of the Clark
Fork from Gemback Road to Deer Lodge during most monitoring events. The highest total
suspended sediment concentrations during the Q2 monitoring events were observed in the
Clark Fork at Turah, and the second highest total suspended sediment concentrations were
observed at the three mainstem Clark Fork River stations from Galen Road to Deer Lodge.
Monitoring stations showing elevated total suspended sediment concentrations in 2013 also
produced elevated metals concentrations (see Section 1.3.7), with less pronounced effects at
the Clark Fork River at Turah site.

Total suspended sediment concentrations at CFROU mainstem monitoring stations during most
monitoring events in 2013 were generally comparable to concentrations measured between
2010-2012. However, in 2013 the Q2-Rising monitoring event had total suspended sediment
concentrations at the mainstem Clark Fork monitoring sites which were lower than Q2
concentrations in 2010, 2011, and 2012. The maximum total suspended sediment
concentration recorded at some stations in Q2 2011 were higher than the concentration during
the same period in 2010, 2012 and 2013.
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Figure 1-17.  Total suspended sediment concentrations at mainstem sampling sites in the Clark
Fork River Operable Unit, 2013. No bars indicate values below the analytical
reporting limit.
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Figure 1-18.  Total suspended sediment concentrations at tributary sampling sites in the Clark
Fork River Operable Unit, 2013.
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1.3.5 Common lons

1.3.5.1 Hardness

Except during the Q2 monitoring events, water hardness at Clark Fork River mainstem stations
in 2013 ranged from 145-251 mg/L as CaCOg3 (i.e., “hard” to “very hard”) (Figure 1-19). The
Clark Fork at Turah site during the Q2-Rising monitoring event, and Mill-Willow Creek at
Frontage Road during the Q2-Rising and Q2-Peak flow monitoring events exhibited the lowest
hardness (50-65 mg/L). Particularly high water hardness was observed in the Mill-Willow
Bypass in Q3 (292 mg/L) and Clark Fork River mainstem monitoring stations at Galen Road
(248 mg/L), at Gemback Road (251 mg/L), and at Deer Lodge (244 mg/L). Water hardness
during 2013 quarterly monitoring events was generally slightly higher than in 2010, 2011, or
2012.
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Figure 1-19. Water hardness at mainstem sampling sites in the Clark Fork River Operable Unit,
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2013.
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1.3.5.2 Alkalinity

Total and bicarbonate alkalinity in the mainstem Clark Fork River in 2013 showed a modest
increasing trend from near Galen to Deer Lodge, followed by lower concentrations at Turah
(Figure 1-21; Figure 1-23). Among the tributary monitoring stations, the highest alkalinity
occurred in the Little Blackfoot River and Warm Springs Creek, while lowest alkalinity occurred
in Mill-Willow Creek at Frontage Road (Figure 1-22; Figure 1-24). Alkalinity was relatively low
during the three Q2 monitoring events. The highest alkalinity was observed in Q3 or Q4. Total
and bicarbonate alkalinity at CFROU mainstem and tributary monitoring stations during
monitoring events in 2013 were generally slightly higher than values measured in 2010, 2011,
and 2012.
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Figure 1-21.  Alkalinity at mainstem sampling sites in the Clark Fork River Operable Unit, 2013.
250
200
150 .

100

v
o

Total Alkalinity (mg/L as CaCO,)

Tributary Monitoring Station

mQl

B Q2 - Rising Limb
W Q2 - Peak Flow
m Q2 - Falling Limb
oaQ3

oQ4

Figure 1-22.

November 2014

Alkalinity at tributary sampling sites in the Clark Fork River Operable Unit, 2013.

26




Clark Fork River Operable Unit

Monitoring Report for 2013

__250
om
£
@ 200 M
© —
Y __
E []
— 150 —
F maQl
'.—Eu W Q2 - Rising Limb
:—t‘ 100 I~ WQ2-Peak Flow
% @ Q2 - Falling Limb
_§ 50 — @Da3
5 oo
2 0
\kq\o’dd \’oc\%e X\)(é‘“
\030 oee( % \Y
\J,o( e \ka& \k(,o
C\a( Y \k(’o( C\a(
o
Clark Fork Monitoring Station
Figure 1-23.  Bicarbonate alkalinity at mainstem sampling sites in the Clark Fork River Operable
Unit, 2013.
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Unit, 2013.
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1.3.5.3 Sulfate

Sulfate concentrations in the mainstem Clark Fork River were generally comparable from the
near Galen to Deer Lodge monitoring sites and lower at Turah (Figure 1 25). The tributary
monitoring stations had the highest sulfate concentrations in the Mill-Willow Bypass and in
Silver Bow Creek at Warm Springs, and the lowest concentrations in the Little Blackfoot River
and Mill-Willow Creek at Frontage Road (Figure 1-26). Similar to alkalinity, sulfate
concentrations were relatively low during the Q2 monitoring events and relatively high in Q3 and
Q4. Sulfate concentrations measured at CFROU monitoring stations during 2013 were
generally slightly higher than those measured in 2010, 2011, and 2012.
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Figure 1-25.  Sulfate concentrations at mainstem sampling sites in the Clark Fork River
Operable Unit, 2013.
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1.3.6 Nutrients

1.3.6.1 Total Nitrogen

Compared to the Clark Fork River water quality standards, total nitrogen concentrations were
periodically elevated in the Mill-Willow Bypass, Silver Bow Creek, Warm Springs Creek, and in
Clark Fork River sites from Galen Road to Deer Lodge in 2013 (Figures 1-27; Figure 1-28).
However, the numeric water quality standards for nutrients in the Clark Fork River (ARM
17.30.631) technically applies only to mainstem sites during the 2013 Q2-Falling and Q3
monitoring events since the sampling events occurred between June 21 and September 21.
Based on these conditions, exceedance of the total nitrogen standard were observed only at the
Clark Fork River at Deer Lodge and Mill-Willow Bypass monitoring stations (Table 1-5).

Total nitrogen concentrations were highest in Q4. The maximum total nitrogen concentrations
were observed in the Clark Fork at Deer Lodge in Q4 (ice scour occurrence noted earlier) and in
Silver Bow Creek at Warm Springs in Q3 and Q4. The minimum total nitrogen concentrations
were observed in Warm Springs Creek, the Little Blackfoot River, Mill-Willow Creek at Frontage
Road, and in the mainstem Clark Fork River at Turah (Table 1-5). Total nitrogen concentrations
in the mainstem Clark Fork River were similar from near Galen to Deer Lodge, and consistently
lower at Turah. Total nitrogen concentrations during 2013 monitoring events were within the
range of concentrations measured at CFROU monitoring sites in 2011 and 2012.

Table 1-5. Total nitrogen concentrations (mg/L) at Clark Fork River Operable Unit monitoring
stations, 2013.
Sample Period
Site ID Site Location Q2
Q1 — , Q3 Q4
Rising ‘ Peak ‘ Falling

Mainstem Sites
CFR-03A Clark Fork River near Galen 0.24 0.2 0.2 0.19 0.27 0.3
CFR-07D Clark Fork River at Galen Road 0.35 0.3 0.22 0.17 0.23 0.45
CFR-11F Clark Fork River at Gemback Road 0.36 0.3 0.22 0.23 0.2 0.4
CFR-27H Clark Fork River at Deer Lodge 0.38 0.3 0.2 0.22 0.34 1.28
CFR-116A Clark Fork at Turah 0.17 0.2 0.19 0.16 0.13 0.24

Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.19 0.2 0.16 0.21 0.11 0.25
MCWC-MWB | Mill-Willow Creek at Frontage Road 0.13 0.2 0.22 0.21 0.17 0.32
MWB-SBC Mill-Willow Bypass near mouth 0.31 0.3 0.31 0.28 0.57 0.61
WSC-SBC Warm Springs Creek near mouth 0.11 0.1 0.1 0.07 0.06 0.31
LBR-CFR Little Blackfoot River near Garrison 0.09 0.2 0.16 0.17 0.15 0.22

Exceeds Clark Fork River total nitrogen standard (0.30 mg/L; ARM 17.30.631).
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Figure 1-27.  Total nitrogen concentrations (mg/L) at Clark Fork River mainstem monitoring
stations, 2013.
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Figure 1-28.  Total nitrogen concentrations (mg/L) at Clark Fork River tributary monitoring

stations, 2013.
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1.3.6.2 Nitrate Plus Nitrite Nitrogen

Concentrations of nitrate plus nitrite nitrogen were periodically elevated in the Clark Fork River
from Galen Road to Deer Lodge, and in Warm Springs Creek in 2013 (Figure 1-29; Figure 1-
30). The spatial trend for nitrate plus nitrite concentrations in the mainstem Clark Fork River
showed increasing concentrations from near Galen to Deer Lodge during several monitoring
events, followed by a decline at the downstream Turah monitoring site. Nitrate plus nitrite
nitrogen concentrations were frequently below the analytical detection limit in Mill-Willow Creek,
Mill-Willow Bypass, Silver Bow Creek at Warm Springs, Warm Springs Creek, Little Blackfoot
River, and in the mainstem Clark Fork River near Galen, and at Turah. Nitrate plus nitrite
concentrations during 2013 monitoring events were within the range of concentrations
measured at CFROU monitoring sites in 2011 and 2012.

Table 1-6. Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River Operable
Unit monitoring stations, 2013.

Sample Period
Site ID Site Location Q2
Q1 — ; Q3 Q4
Rising ‘ Peak ‘ Falling

Mainstem Sites
CFR-03A Clark Fork River near Galen ND ND ND ND ND ND
CFR-07D Clark Fork River at Galen Road 0.17 0.06 ND ND ND 0.19
CFR-11F Clark Fork River at Gemback Road 0.18 0.05 ND ND ND 0.14
CFR-27H Clark Fork River at Deer Lodge 0.22 0.06 ND ND 0.12 0.34
CFR-116A Clark Fork at Turah ND ND ND ND ND ND

Tributary Sites
SS-25 Silver Bow Creek at Warm Springs ND ND ND ND ND 0.07
MCWC-MWB | Mill-Willow Creek at Frontage Road ND ND ND ND ND ND
MWB-SBC Mill-Willow Bypass near mouth ND ND ND ND ND ND
WSC-SBC Warm Springs Creek near mouth 0.06 ND ND ND ND 0.11
LBR-CFR Little Blackfoot River near Garrison ND ND ND ND ND ND

ND Not detected at analytical reporting limit.
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Figure 1-29.  Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River mainstem
monitoring stations, 2013.
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Figure 1-30.  Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River tributary
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monitoring stations, 2013.
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1.3.6.3 Total Ammonia

All samples collected from the CFROU in 2013 had ammonia concentrations below the

analytical reporting limit (Table 1-7). Similarly, ammonia was not detected at any of the CFROU
monitoring stations in 2011 or 2012.

Table 1-7. Total ammonia concentrations (mg/L) at Clark Fork River Operable Unit monitoring
stations, 2013.
Sample Period
Site ID Site Location Q2
Q1 — , Q3 Q4
Rising ‘ Peak ‘ Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen ND ND ND ND ND ND
CFR-07D Clark Fork River at Galen Road ND ND ND ND ND ND
CFR-11F Clark Fork River at Gemback Road ND ND ND ND ND ND
CFR-27H Clark Fork River at Deer Lodge ND ND ND ND ND ND
CFR-116A Clark Fork at Turah ND ND ND ND ND ND
Tributary Sites
SS-25 Silver Bow Creek at Warms Springs ND ND ND ND ND ND
MCWC-MWB | Mill-Willow Creek at Frontage Road ND ND ND ND ND ND
MWB-SBC Mill-Willow Bypass near mouth ND ND ND ND ND ND
WSC-SBC Warm Springs Creek near mouth ND ND ND ND ND ND
LBR-CFR Little Blackfoot River near Garrison ND ND ND ND ND ND
ND Not detected at analytical reporting limit.
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1.3.6.4 Total Phosphorus

Total phosphorus concentrations in 2013 exceeded the Clark Fork River total phosphorus water
quality standard (0.020 mg/L) at three mainstem sites and four tributary sites (Table 1-8).
Concentrations of total phosphorus were highest at most sites during the Q2 monitoring events.
Seven of ten monitoring sites exceeded the total phosphorus standard during Q2-Falling
monitoring event, whereas four of ten sites exhibited exceedances during the Q3 monitoring
event.

Total phosphorus concentrations during Q1, Q3, and Q4 were highest in Silver Bow Creek at
Warm Springs (especially during Q3), and tended to be similar throughout much of the Clark
Fork River mainstem sites. The lowest total phosphorus concentrations were observed in Warm
Springs Creek (Figure 1-32). The lowest mainstem Clark Fork River total phosphorus
concentrations were observed at Turah. Total phosphorus concentrations in 2013 were within
the range of concentrations measured at CFROU monitoring sites in 2011 and 2012. However,
total phosphorus concentrations at mainstem Clark Fork River sites during Q2 2011 and Q2
2012 were higher than those observed during the Q2 2013 monitoring events.

Table 1-8. Total phosphorus concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2013.

Sample Period
Site ID Site Location Q2
o Rising ‘ Peak ‘ Falling & o4
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.022 0.038 0.025 0.041 0.038 0.012
CFR-07D Clark Fork River at Galen Road 0.020 0.040 0.023 0.038 0.023 0.014
CFR-11F Clark Fork River at Gemback Road 0.023 0.042 0.025 0.047 0.018 0.011
CFR-27H Clark Fork River at Deer Lodge 0.029 0.033 0.023 0.020 0.013 0.027
CFR-116A Clark Fork at Turah 0.023 0.046 0.031 0.013 0.008 0.010
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.020 0.023 0.026 0.028 0.017 0.009
m\(/'}VVélC- Mill-Willow Creek at Frontage Road 0.011 0.024 0.026 0.026 0.014 0.009
MWB-SBC Mill-Willow Bypass near mouth 0.034 0.039 0.031 0.086 0.096 0.019
WSC-SBC Warm Springs Creek near mouth 0.006 0.016 0.008 0.006 0.005 ND
LBR-CFR Little Blackfoot River near Garrison 0.021 0.060 0.032 0.028 0.027 0.013
ND Not detected at analytical reporting limit.

Exceeds total phosphorus standard applicable June 21 to September 21 (0.020 mg/L; ARM
17.30.631).
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Figure 1-31.  Total phosphorus concentrations (mg/L) at Clark Fork River mainstem monitoring
stations, 2013.
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Figure 1-32.  Total phosphorus concentrations (mg/L) at Clark Fork River mainstem monitoring

stations, 2013.
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1.3.7 Contaminants of Concern

1.3.7.1 Arsenic

MDEQ Data.-Average concentrations of total recoverable and dissolved arsenic at CFROU
monitoring stations during 2013 were highest in Mill-Willow Creek at Frontage Road, Mill-Willow
Bypass, Silver Bow Creek at Warm Springs, and Clark Fork River stations near Galen, at Galen
Road, at Gemback Road, and at Deer Lodge. Arsenic concentrations were lowest in Warm
Springs Creek, Little Blackfoot River, and in the Clark Fork River mainstem at Turah (Figure 1-
33; Figure 1-34). Arsenic concentrations were comparable in the reach of the Clark Fork River
from near Galen to Deer Lodge and lower at the Clark Fork River at Turah station below Rock
Creek. The single highest arsenic concentrations were observed in Mill-Willow Creek and the
Mill-Willow Bypass. Highest concentrations of total recoverable arsenic at most of the ten
monitoring stations were measured during the Q2, falling limb hydrograph monitoring event in
late June 2013. With the exception of the second quarter 2011 monitoring event when
streamflows were unusually high, arsenic concentrations at CFROU mainstem monitoring
stations during the 2013 calendar year were comparable to those measured in 2010-2012.

A high percentage of arsenic detected at CFROU monitoring stations in 2013 was present in the
dissolved form during the six monitoring events (Figure 1-33). Total recoverable arsenic
concentrations commonly exceeded the human health surface water standard (HHSWS; 0.010
mg/L) at CFROU monitoring stations during the 2013 monitoring year at seven of the ten
monitoring sites (Table 1-9). None of the measured arsenic values during 2013 exceeded the
acute or chronic ALS. The frequency and magnitude of arsenic HHSWS excursions at
mainstem Clark Fork River monitoring sites in 2013 was similar to that observed in 2012, but
somewhat lower than in 2011.

The arsenic HHSWS and chronic ALS compliance ratios for the four selected stations have
remained relatively stable over the four year period (Figures 1-35 through 1-38). The HHSWS
compliance ratios for Silver Bow Creek at Warm Springs and the Clark Fork River near Galen
and at Deer Lodge rarely fell below 1.0 during monitoring events in the examined period
indicating consistent exceedances of that standard. In contrast, the Clark Fork River at Turah
rarely exceeded the 1.0 threshold value during the same time period. The chronic ALS
compliance ratio for arsenic was consistently below 1.0 at all four of the selected stations.
Examining the HHSWS compliance ratios for arsenic during the six 2013 monitoring events,
ratios were similar at the upper four Clark Fork River mainstem stations from near Galen to
Deer Lodge and usually greater than 1.0, then much lower at the Turah station (Figure 1-39).
Among the tributary monitoring stations, arsenic HHSWS compliance ratios during 2013 were
1.0 or higher in Mill-Willow Creek at Frontage Road, Mill-Willow Bypass, and Silver Bow Creek
at Warm Springs, and below 1.0 in Warm Springs Creek and the Little Blackfoot River (Figure 1-
40).

USGS and MDEQ Data.-Arsenic concentrations tended to increase in the Clark Fork River
mainstem from near Galen to the Little Blackfoot River confluence, and then decrease
downstream from the Little Blackfoot River confluence (Figure 1-41; Figure 1-42). Elevated
arsenic concentrations in the Clark Fork River near Galen apparently were derived from Silver
Bow Creek and the Mill-Willow Bypass which each had elevated arsenic concentrations
compared to other tributaries (Figure 1-43; Figure 1-44). Arsenic concentrations were highest in
Clark Fork River mainstem sites in July at most sites (Figure 1-45 through Figure 1-148).
Arsenic concentrations in samples measured by the USGS and by RESPEC were generally
similar (Figure 1-9 through Figure 1-12).
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Figure 1-33.  Total recoverable (TR) and dissolved (Diss) arsenic concentrations at mainstem
sampling sites in the Clark Fork River Operable Unit, 2013. Figure represents data
collected under the Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards (ALS) and the
human health surface water standard (HHSWS) (MDEQ 2012b).
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Figure 1-34.  Total recoverable (TR) and dissolved (Diss) arsenic concentrations at Clark Fork
River tributary sampling sites, 2013. Figure represents data collected under the
Montana Department of Environmental Quality monitoring program. No bars
indicate concentrations below the analytical reporting limit. Applicable water
guality standards are the aquatic life standards (ALS) and the human health
surface water standard (HHSWS) (MDEQ 2012b).
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Table 1-9. Total recoverable arsenic concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2013. Table represents data collected under the Montana
Department of Environmental Quality monitoring program.
Sample Period
Site ID Site Location Q2
Q1 — ; Q3 Q4
Rising ‘ Peak ‘ Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.01 0.016 0.017 0.022 0.019 0.01
CFR-07D Clark Fork River at Galen Road 0.01 0.019 0.016 0.024 0.017 0.011
CFR-11F Clark Fork River at Gemback Road 0.011 0.02 0.017 0.025 0.016 0.01
CFR-27H Clark Fork River at Deer Lodge 0.012 0.019 0.018 0.02 0.014 0.012
CFR-116A Clark Fork at Turah 0.006 ND 0.007 0.006 0.006 0.006
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.012 0.018 0.026 0.045 0.016 0.01
m\?vvg/c- Mill-Willow Creek at Frontage Road 0.011 0.019 0.025 0.038 0.024 0.013
MWB-SBC Mill-Willow Bypass near mouth 0.011 0.019 0.024 0.037 0.034 0.012
WSC-SBC Warm Springs Creek near mouth ND 0.006 0.006 0.005 0.006 ND
LBR-CFR Little Blackfoot River near Garrison ND 0.006 0.005 0.006 0.005 ND
ND Not detected at analytical reporting limit.
Exceeds human health surface water standard (MDEQ 2012b).
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Figure 1-35.  Total recoverable arsenic (As) compliance ratios for Silver Bow Creek at Warm
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Springs site, 2011-2013. Compliance ratios are based on the chronic aquatic life
standard (Chronic) and the human health surface water standard, or the drinking
water standard (DW) (MDEQ 2012b). Figure represents data collected under the

Montana Department of Environmental Quality monitoring program.
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Figure 1-36.  Total recoverable arsenic (As) compliance ratios for the Clark Fork River near
Galen site, 2010-2013. Compliance ratios are based on the chronic aquatic life
standard (Chronic) and the human health surface water standard, or the drinking
water standard (DW) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Total recoverable arsenic (As) compliance ratios for the Clark Fork River at Deer
Lodge site, 2010-2013. Compliance ratios are based on the chronic aquatic life
standard (Chronic) and the human health surface water standard, or the drinking
water standard (DW) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-38.  Total recoverable arsenic (As) compliance ratios for the Clark Fork River at Turah
site, 2010-2013. Compliance ratios are based on the chronic aquatic life standard
(Chronic) and the human health surface water standard, or the drinking water
standard (DW) (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-39.  Total recoverable (TR) arsenic (As) compliance ratio in the Clark Fork River (CFR)
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mainstem sites, 2013. Compliance ratio is based on the human health surface
water standard, or the drinking water standard (As DW) (MDEQ 2012b). Figure
represents data collected under the Montana Department of Environmental Quality
monitoring program.
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Figure 1-40.  Total recoverable (TR) arsenic (As) compliance ratio in Clark Fork River (CFR)
tributary sites, 2013. Compliance ratio is based on the human health surface water
standard, or the drinking water standard (As DW) (MDEQ 2012b). Figure
represents data collected under the Montana Department of Environmental Quality
monitoring program.
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Clark Fork River Mainstem Sites
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Dissolved arsenic concentrations at Clark Fork River mainstem sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). River miles are measured downstream from the Silver Bow
Creek-Warm Springs Creek confluence.
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Figure 1-37.  Total recoverable arsenic concentrations at Clark Fork River mainstem sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). River miles are measured downstream from the Silver Bow
Creek-Warm Springs Creek confluence.
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Figure 1-38.  Dissolved arsenic concentrations at Clark Fork River tributary sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014).
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Figure 1-39. Dissolved arsenic concentrations at Clark Fork River tributary sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014).
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1.3.7.2 Cadmium

MDEQ Data.-Concentrations of total recoverable cadmium during 2013 were generally
comparable and low at mainstem Clark Fork River monitoring stations extending from near
Galen to Deer Lodge, and lower still at the Turah station (Figure 1-49). Cadmium
concentrations were similarly low at all five of the tributary monitoring stations (Figure 1-50).
Concentrations of dissolved cadmium were consistently below detection during all 2013
monitoring events at all stations. Most cadmium was present in a sediment-associated state.

The highest concentrations of total recoverable cadmium were almost always measured during
the Q2-Rising monitoring event; the maximum concentrations in 2013 were recorded at the
Clark Fork River at Galen Road (0.00025 mg/L). An exception to this seasonal pattern was
noted at the Clark Fork River at Deer Lodge station, where the maximum total recoverable
cadmium concentration (0.00023 mg/L) was observed in Q4. The lowest concentrations of total
recoverable cadmium were observed during the Q2-Falling monitoring event, and during Q3 and
Q4 events, when 27 of 30 site measurements (90%) were less than the analytical reporting limit
(Table 1-10). Only the Clark Fork River at Deer Lodge monitoring site had measureable total
recoverable cadmium during all monitoring events.

With the exception of the Q2 2011 monitoring event, when streamflows were unusually high,
cadmium concentrations at CFROU mainstem monitoring stations during the 2013 calendar
year were comparable to those measured from 2010-2012. However, total recoverable
cadmium concentrations in 2013 did not exceed either the acute or chronic ALS, or the
HHSWS, at any of the CFROU monitoring stations (Table 1-10). In contrast, exceedances
occurred in each of the prior three years: 2010 (5 of 24 exceedances), 2011 (6 of 28
exceedances), and 2012 (4 of 60 exceedances).

The cadmium chronic ALS compliance ratios for the four selected stations appear to have
declined to some degree since 2010 (Figure 1-51 through Figure 1-54). Chronic ALS
compliance ratios have not exceeded 1.0 at any of the selected four stations since Q1 2012.
The chronic ALS compliance ratios for total recoverable cadmium were also below 1.0 at all
mainstem and tributary monitoring sites. The highest chronic ALS compliance ratios for total
recoverable cadmium were observed during the Q2-Rising and Q2-Peak monitoring events.
The Clark Fork River at Deer Lodge most frequently showed the highest cadmium ALS
compliance ratios during 2013, and the Clark Fork River at Turah showed the lowest ratios
(Figure 1-55). Among the tributaries, Mill-Willow Creek at Frontage Road showed the highest
cadmium compliance ratios and the Little Blackfoot River showed the lowest ratios (Figure 1-
56).

In Q2 2012, total recoverable cadmium concentrations exceeded the chronic ALS at 4 of 15
CFROU monitoring stations including the Clark Fork River at Deer Lodge, Clark Fork River near
Garrison, Clark Fork River near Drummond, and Flint Creek near mouth. Excursions in Q2
2012 ranged from 1.1-2.8 times the standard. All other samples in 2012 were below the chronic
ALS. The 2012 samples which exceeded the chronic ALS were generally lower than samples
from the same sites during Q2 of 2010 and 2011.

USGS and MDEQ Data.-Cadmium concentrations measured by the USGS and MDEQ
monitoring programs were generally well below the ALS in 2013 (Figure 1-57 through Figure 1-
60). Cadmium concentrations were generally highest at Clark Fork River mainstem sites
upstream from the Little Blackfoot River confluence (Figure 1-57; Figure 1-58). Total
recoverable cadmium concentrations in the Clark Fork River mainstem sites were generally
highest in June (Figure 1-62), although dissolved cadmium concentrations were low enough that
there was no clear temporal trend at most sites (Figure 1-61). Among the tributary sites, the
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highest concentrations tended to occur in Mill-Willow Creek and Silver Bow Creek during the
spring, however all of these concentrations were below the ALS (Figure 1-63; Figure 1-64). It
appeared that the cadmium concentrations in samples collected and analyzed by the USGS
were similar to those collected by RESPEC and analyzed by Energy Laboratories (Figure 1-61
through Figure 1-64).
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Figure 1-44.  Total recoverable (TR) and dissolved (Diss) cadmium concentrations at mainstem
sampling sites in the Clark Fork River Operable Unit, 2013. Figure represents data
collected under the Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards (ALS) and the
human health surface water standard (HHSWS) (MDEQ 2012b).
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Figure 1-45.  Total recoverable (TR) and dissolved (Diss) cadmium concentrations at Clark Fork
River tributary sampling sites, 2013. Figure represents data collected under the
Montana Department of Environmental Quality monitoring program. No bars
indicate concentrations below the analytical reporting limit. Applicable water
guality standards are the aquatic life standards (ALS) and the human health
surface water standard (HHSWS) (MDEQ 2012b).
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Table 1-10. Total recoverable cadmium concentrations (mg/L) at Clark Fork River Operable
Unit monitoring stations, 2013. Table represents data collected under the Montana
Department of Environmental Quality monitoring program.

Sample Period
Site ID Site Location Q2
Q1 — ; Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.00011 | 0.00018 | 0.00009 ND ND ND
CFR-07D Clark Fork River at Galen Road 0.00012 | 0.00025 | 0.00012 ND ND ND
CFR-11F Clark Fork River at Gemback Road 0.00014 | 0.00024 | 0.00014 ND ND ND
CFR-27H Clark Fork River at Deer Lodge 0.00016 | 0.00021 | 0.00015 | 0.00011 | 0.00009 | 0.00023
CFR-116A Clark Fork at Turah 0.00008 | 0.00009 | 0.00012 ND ND ND
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.00009 | 0.00012 | 0.00008 ND ND ND
MCWC-MWB | Mill-Willow Creek at Frontage Road ND 0.00011 ND ND ND ND
MWB-SBC Mill-Willow Bypass near mouth 0.00013 | 0.00009 ND ND ND ND
WSC-SBC Warm Springs Creek near mouth ND 0.00009 ND ND ND ND
LBR-CFR Little Blackfoot River near Garrison ND ND ND ND ND ND
ND Not detected at analytical reporting limit.
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Figure 1-46.

November 2014

Total recoverable cadmium (Cd) compliance ratios for Silver Bow Creek at Warm
Springs site, 2011-2013. Compliance ratios are based on the chronic and acute
aquatic life standards (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-47.  Total recoverable cadmium (Cd) compliance ratios for Clark Fork River near Galen

site, 2010-2013. Compliance ratios are based on the chronic and acute aquatic life
standards (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-48.  Total recoverable cadmium (Cd) compliance ratios for Clark Fork River at Deer
Lodge site, 2010-2013. Compliance ratios are based on the chronic and acute
aquatic life standards (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-49.  Total recoverable cadmium (Cd) compliance ratios for Clark Fork River at Turah
site, 2010-2013. Compliance ratios are based on the chronic and acute aquatic life
standards (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-50.  Total recoverable (TR) cadmium (Cd) compliance ratio in the Clark Fork River
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(CFR) mainstem sites, 2013. Compliance ratio is based on the chronic aquatic life
standard (ALS) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-51.  Total recoverable (TR) cadmium (Cd) compliance ratio in Clark Fork River (CFR)
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tributary sites, 2013. Compliance ratio is based on the chronic aquatic life
standard (ALS) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.

65



Clark Fork River Operable Unit Monitoring Report for 2013

Clark Fork River Mainstem Sites
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Figure 1-52.  Dissolved cadmium concentrations at Clark Fork River mainstem sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as CaCO3 (median
hardness from all mainstem samples collected in 2013). River miles are measured
downstream from the Silver Bow Creek-Warm Springs Creek confluence.
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Clark Fork River Mainstem Sites
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Figure 1-53.  Total recoverable cadmium concentrations at Clark Fork River mainstem sites,
2013. Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as CaCO3 (median
hardness from all mainstem samples collected in 2013). River miles are measured
downstream from the Silver Bow Creek-Warm Springs Creek confluence.
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Tributary Sites
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Figure 1-54.  Dissolved cadmium concentrations at Clark Fork River tributary sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as CaCO3 (median
hardness from all tributary samples collected in 2013).
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Tributary Sites
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Figure 1-55.  Total recoverable cadmium concentrations at Clark Fork River tributary sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(MDEQ 2012b) assuming water hardness of 174 mg/L as CaCO3 (median hardness
from all tributary samples collected in 2013).
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Figure 1-57.  Dissolved cadmium concentrations plotted by time at Clark Fork River mainstem
sites, 2013. Chronic aquatic life standard (ALS; MDEQ 2012b) assumes water
hardness of 195 mg/L as CaCO3 (median hardness from all mainstem samples
collected in 2013).
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Figure 1-59.  Total recoverable cadmium concentrations plotted by time at Clark Fork River
tributary sites, 2013. Chronic aquatic life standard (ALS; MDEQ 2012b) assumes
water hardness of 174 mg/L as CaCO3 (median hardness from all tributary samples
collected in 2013).
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1.3.7.3 Copper

MDEQ Data.-Concentrations of total recoverable and dissolved copper during 2013 were
elevated in Q2 at all mainstem Clark Fork River sites and at several of the tributary monitoring
sites. The highest concentrations of total recoverable copper were observed at the Clark Fork
River at Deer Lodge station. Total recoverable copper concentrations increased from the near
Galen site to Deer Lodge, then declined downstream to the Turah site (Figure 1-65). The
lowest copper concentrations were observed in the Little Blackfoot River. Warm Springs Creek
had high dissolved copper concentrations during the Q2-Rising monitoring event and high total
recoverable copper during the Q2-Peak monitoring event (Figure 1-66). The highest copper
concentrations at most of the CFROU monitoring sites were observed during the Q2-Rising
monitoring event. The Clark Fork River at Deer Lodge station also had high total recoverable
copper during Q4.

Dissolved copper concentrations were relatively consistent during each 2013 monitoring events
compared to total recoverable copper concentrations. The exception was the Warm Springs
Creek near mouth site which had elevated dissolved copper during the Q2-Rising monitoring
event.

Total recoverable copper concentrations frequently exceeded the chronic ALS (17 of 60
samples) during 2013 (Table 1-11). The acute ALS was exceeded in 12 of 60 samples. Each
of the five mainstem Clark Fork River monitoring stations had at least two exceedances of the
chronic ALS. Samples from the Clark Fork River at Deer Lodge site exceeded either the
chronic or acute ALS in five of the six monitoring events. Samples from Mill-Willow Creek at
Frontage Road and Warm Springs Creek near mouth exceeded the chronic ALS for copper in
two of six monitoring events. Samples from Mill-Willow Bypass, Silver Bow Creek at Warm
Springs, and the Little Blackfoot River near mouth were consistently below the chronic ALS for
total recoverable copper.

Of the Clark Fork River mainstem stations that have been monitored each year since 2010
(near Galen, at Deer Lodge, and at Turah), the frequency of exceedances of the chronic and
acute ALS for copper was similar in 2013 to each of the previous years. With the exception of
the Clark Fork River at Deer Lodge site, most of the acute ALS excursions in 2013 occurred
during the Q2-Rising and Q2-Peak monitoring events. The lowest incidence of ALS
exceedances was during Q3 2013 monitoring event; in Q2 2013 no CFROU stations exceeded
the chronic ALS.

The chronic and acute ALS compliance ratios for copper at the four Clark Fork River mainstem
stations that have been monitored each year since 2010 appear to have declined over the four-
year period, particularly near Galen, at Deer Lodge and at Turah (Figure 1-67 through Figure 1-
70). Despite the apparent improvements, ALS compliance ratios for copper commonly continue
to exceed 1.0 at Deer Lodge station. The seasonal and spatial trends in ALS compliance ratios
for total recoverable copper during 2013 were similar to the pattern noted for cadmium. The
Clark Fork River at Deer Lodge most frequently had the highest copper ALS compliance ratios
during 2013 (Figure 1-71). The Clark Fork River at Turah site consistently had the lowest
copper ALS compliance ratios during 2013 (Figure 1-71). Among tributary sites, Mill-Willow
Creek at Frontage Road had the highest copper compliance ratios and the Little Blackfoot River
had the lowest ratios (Figure 1-72). The highest copper ALS compliance ratios were observed
during the Q2-Peak monitoring event.

USGS and MDEQ Data.-Clark Fork River dissolved copper concentrations measured by the

USGS and MDEQ monitoring programs were generally below the chronic ALS in 2013 (Figure
1-73). However, total recoverable copper concentrations in the Clark Fork River appeared to
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commonly exceed the chronic ALS at Deer Lodge and above the Little Blackfoot River (Figure
1-74). Median copper concentrations steadily increased through Reach A, from near Galen
downstream to the Little Blackfoot River confluence (Figure 1-73; Figure 1-74). Tributary
sample sites had low dissolved copper concentrations relative to the chronic ALS (Figure 1-75),
but some sample concentrations in Silver Bow Creek at Warm Springs and Warm Springs
Creek at mouth approached the chronic ALS (Figure 1-76). Among tributary sample sites,
Silver Bow Creek below the Pond 2 outfall had the highest median dissolved copper
concentrations (Figure 1-75). However, Silver Bow Creek below the Pond 2 outfall was only
sampled during the spring snowmelt runoff period (when copper concentrations are generally
highest) whereas most other sites were sampled throughout the year. Warm Springs Creek had
the highest median total recoverable copper concentrations (Figure 1-76). In general, it
appeared that the copper concentrations in samples collected and analyzed by the USGS were
similar to those collected by RESPEC and analyzed by Energy Laboratories (Figure 1-77
through Figure 1-80).
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Figure 1-60.  Total recoverable (TR) and dissolved (Diss) copper concentrations at mainstem
sampling sites in the Clark Fork River Operable Unit, 2013. Figure represents data
collected under the Montana Department of Environmental Quality monitoring
program. Applicable water quality standards are the aquatic life standards (ALS)
and the human health surface water standard (HHSWS) (MDEQ 2012b).
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Figure 1-61.  Total recoverable (TR) and dissolved (Diss) arsenic concentrations at tributary
sampling sites in the Clark Fork River Operable Unit, 2013. Figure represents data
collected under the Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards (ALS) and the
human health surface water standard (HHSWS) (MDEQ 2012b).
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Table 1-11. Total recoverable copper concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2013. Table represents data collected under the Montana
Department of Environmental Quality monitoring program.
Sample Period
Site ID Site Location Q2
Q1 — ; Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.010 0.026 0.015 0.010 0.005 0.008
CFR-07D Clark Fork River at Galen Road 0.013 0.04 0.019 0.011 0.007 0.011
CFR-11F Clark Fork River at Gemback Road 0.017 0.044 0.023 0.013 0.012 0.009
CFR-27H Clark Fork River at Deer Lodge 0.030 0.043 0.030 0.021 0.017 0.041
CFR-116A Clark Fork at Turah 0.012 0.012 0.014 0.006 0.005 0.005
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.006 0.008 0.007 0.008 0.004 0.005
MCWC-MWB | Mill-Willow Creek at Frontage Road 0.002 0.008 0.007 0.006 0.002 0.004
MWB-SBC Mill-Willow Bypass near mouth 0.008 0.007 0.008 0.006 0.003 0.005
WSC-SBC Warm Springs Creek near mouth 0.004 0.018 0.012 0.008 0.007 0.008
LBR-CFR Little Blackfoot River near Garrison ND 0.003 0.002 0.001 0.001 0.001
ND Not detected at analytical reporting limit.
Exceeds chronic aquatic life standard (MDEQ 2012b).
Exceeds acute aquatic life standard (MVDEQ 2012b).
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Figure 1-62.

November 2014

Total recoverable copper (Cu) compliance ratios for Silver Bow Creek at Warm
Springs site, 2011-2013. Compliance ratios are based on the chronic and acute
aquatic life standards (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-63.

Total recoverable copper (Cu) compliance ratios for Clark Fork River near Galen
site, 2010-2013. Compliance ratios are based on the chronic and acute aquatic life
standards (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-64.  Total recoverable copper (Cu) compliance ratios for Clark Fork River at Deer Lodge
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site, 2010-2013. Compliance ratios are based on the chronic and acute aquatic life
standards (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-65.  Total recoverable copper (Cu) compliance ratios for Clark Fork River at Turah site,

2010-2013. Compliance ratios are based on the chronic and acute aquatic life
standards (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-66.  Total recoverable (TR) copper (Cu) compliance ratio in the Clark Fork River (CFR)
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mainstem sites, 2013. Compliance ratio is based on the chronic aquatic life
standard (ALS) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-67.  Total recoverable (TR) copper (Cu) compliance ratio in Clark Fork River (CFR)
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tributary sites, 2013. Compliance ratio is based on the chronic aquatic life
standard (ALS) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Clark Fork River Mainstem Sites
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Figure 1-68.  Dissolved copper concentrations at Clark Fork River mainstem sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as CaCO3 (median
hardness from all mainstem samples collected in 2013). River miles are measured
downstream from the Silver Bow Creek-Warm Springs Creek confluence.
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Clark Fork River Mainstem Sites
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Figure 1-69.  Total recoverable copper concentrations at Clark Fork River mainstem sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as CaCO3 (median
hardness from all mainstem samples collected in 2013). River miles are measured
downstream from the Silver Bow Creek-Warm Springs Creek confluence.
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Figure 1-70.  Dissolved copper concentrations at Clark Fork River tributary sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as CaCO3 (median
hardness from all tributary samples collected in 2013).
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Figure 1-71.  Total recoverable copper concentrations at Clark Fork River tributary sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as CaCO3 (median
hardness from all tributary samples collected in 2013).
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Figure 1-72.  Dissolved copper concentrations plotted by time at Clark Fork River mainstem
sites, 2013. Chronic aquatic life standard (ALS; MDEQ 2012b) assumes water
hardness of 195 mg/L as CaCO3 (median hardness from all mainstem samples
collected in 2013).
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Figure 1-75.  Total recoverable copper concentrations plotted by time at Clark Fork River
tributary sites, 2013. Chronic aquatic life standard (ALS; MDEQ 2012b) assumes
water hardness of 174 mg/L as CaCO3 (median hardness from all tributary samples
collected in 2013).
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1.3.7.4 Lead

MDEQ Data.-Increasing concentrations of total recoverable lead were observed in the mainstem
Clark Fork River from the near Galen site to the Deer Lodge site during 2013, followed by lower
total recoverable lead concentrations downstream at Turah (Figure 1-81). Concentrations of
total recoverable lead were low at all tributary monitoring sites in 2013 (Figure 1-82). The
highest concentrations of lead were observed at most stations during the Q2-Rising monitoring
event. Nearly all detectable lead was present in a sediment associated state; dissolved lead
concentrations were below the reporting limit in all samples except at Deer Lodge (Q1).

The maximum annual total recoverable lead concentrations at mainstem Clark Fork River
monitoring stations in 2013 (0.0060 mg/) was lower than the maximum concentration in 2010
(0.0295 mg/L), 2011 (high of 0.0515 mg/L), or 2012 (high of 0.0366 mg/L). In 2013, the
maximum total recoverable lead concentration at mainstem Clark Fork River monitoring stations
occurred at Gemback Road during the Q2-Rising monitoring event. All of the maximum annual
total recoverable lead concentrations from 2010 to 2012 occurred during the Q2 monitoring
event at the Clark Fork River above the Little Blackfoot River station. (The Clark Fork River
above the Little Blackfoot River station which was discontinued in 2013.)

Total recoverable lead concentrations exceeded the chronic ALS at three Clark Fork River
mainstem stations during the Q2-Rising monitoring event: Clark Fork River at Galen Road, at
Gemback Road, and at Turah (Table 1-12). The Clark Fork River at Deer Lodge station did not
exhibit any exceedances of the chronic ALS in 2013.

The lead chronic and acute ALS compliance ratios for the Clark Fork River mainstem stations
near Galen, at Deer Lodge, and at Turah appear to have declined slightly over since 2010
(Figures 1-83 through Figure 1-86). The seasonal and spatial trends in ALS compliance ratios
for total recoverable lead during 2013 was similar to the pattern noted for cadmium and copper.

The Clark Fork River at Deer Lodge frequently exceeded the lead chronic ALS compliance ratio
from 2010-2012, but did not exceed the chronic ALS in 2013 (Figure 1-85). The Clark Fork
River at Turah site has also frequently had total recoverable lead exceedances of the chronic
ALS (Figure 1-86) despite having relatively low lead concentrations (Table 1-12) due to low
water hardness at the site. Among the tributary sites, Mill-Willow Creek at Frontage Road had
the highest lead compliance ratios and Mill-Willow Bypass had the lowest compliance ratios
(Figure 1-88). The highest lead compliance ratios at the mainstem monitoring stations were
occurred during the Q2-Rising monitoring event. Among all samples, total recoverable lead
ALS compliance ratios ranged from less than 0.1 to more than 1.0.

USGS and MDEQ Data.-Dissolved lead concentrations in the mainstem Clark Fork River sites
were low relative to the chronic ALS (Figure 1-89). As with copper, median total recoverable
lead concentrations in the mainstem Clark Fork River sites increased throughout Reach A, from
near Galen to the Little Blackfoot River confluence, and decreased from the Little Blackfoot
River confluence downstream to Turah (Figure 1-90.) As with the mainstem sites the tributary
sites, had low dissolved lead concentrations relative to the chronic ALS (Figure 1-91). Most
tributary samples had total recoverable lead concentrations which were below the chronic ALS
(Figure 1-92). However, one sample in Flint Creek had high total recoverable lead
concentration (Figure 1-96). Total recoverable lead concentrations in the mainstem and the
tributaries were generally highest in the spring (Figure 1-94; Figure 1-96). As with other metals,
it appeared that the USGS and RESPEC sample lead concentrations were similar (Figure 1-93
through Figure 1-96).
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Figure 1-76.  Total recoverable (TR) and dissolved (Diss) lead concentrations at mainstem
sampling sites in the Clark Fork River Operable Unit, 2013. Figure represents data
collected under the Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards (ALS) and the
human health surface water standard (HHSWS) (MDEQ 2012b).
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Figure 1-77.  Total recoverable (TR) and dissolved (Diss) lead concentrations at tributary
sampling sites in the Clark Fork River Operable Unit, 2013. Figure represents data
collected under the Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards (ALS) and the
human health surface water standard (HHSWS) (MDEQ 2012b).
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Table 1-12. Total recoverable lead concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2013. Table represents data collected under the Montana
Department of Environmental Quality monitoring program.
Sample Period
Site ID Site Location Q2
Q1 — ; Q3 Q4
Rising ‘ Peak ‘ Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.0016 0.0038 0.0016 0.0009 ND 0.0009
CFR-07D Clark Fork River at Galen Road 0.0018 0.0056 0.0024 0.0009 ND 0.0014
CFR-11F Clark Fork River at Gemback Road 0.0024 0.006 0.0024 0.0011 ND 0.0009
CFR-27H Clark Fork River at Deer Lodge 0.0037 0.0056 0.0034 0.0021 0.0016 0.0055
CFR-116A Clark Fork at Turah 0.0018 0.0023 0.0021 0.0007 0.0007 0.0007
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.0018 0.0014 0.0011 0.0012 0.0011 0.0016
MCWC-MWB | Mill-Willow Creek at Frontage Road ND 0.0018 0.0011 0.0007 ND 0.001
MWB-SBC Mill-Willow Bypass near mouth 0.0022 0.0016 0.001 0.0007 0.0006 0.0009
WSC-SBC Warm Springs Creek near mouth ND 0.002 0.0009 0.0006 ND 0.0005
LBR-CFR Little Blackfoot River near Garrison ND 0.002 ND ND ND ND
ND Not detected at analytical reporting limit.
Exceeds chronic aquatic life standard (MDEQ 2012b).
Exceeds acute aquatic life standard (MVDEQ 2012b).
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Figure 1-78.  Total recoverable lead (Pb) compliance ratios for Silver Bow Creek at Warm

November

Springs site, 2011-2013. Compliance ratios are based on the chronic and acute
aquatic life standards (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-79.

November 2014

Total recoverable lead (Pb) compliance ratios for Clark Fork River near Galen site,
2010-2013. Compliance ratios are based on the chronic and acute aquatic life
standards (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-80.  Total recoverable lead (Pb) compliance ratios for Clark Fork River at Deer Lodge
site, 2010-2013. Compliance ratios are based on the chronic and acute aquatic life
standards (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-81.  Total recoverable lead (Pb) compliance ratios for Clark Fork River at Turah site,
2010-2013. Compliance ratios are based on the chronic and acute aquatic life
standards (MDEQ 2012b). Figure represents data collected under the Montana
Department of Environmental Quality monitoring program.
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Figure 1-82.  Total recoverable (TR) lead (Pb) compliance ratio in the Clark Fork River (CFR)
mainstem sites, 2013. Compliance ratio is based on the chronic aquatic life
standard (ALS) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-83.  Total recoverable (TR) lead (Pb) compliance ratio in Clark Fork River (CFR)
tributary sites, 2013. Compliance ratio is based on the chronic aquatic life
standard (ALS) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.

November 2014 102



Clark Fork River Operable Unit Monitoring Report for 2013

Lead, Dissolved (mg/L)
0.004 0.006 0.008
|

0.002

0.000

River Mile

Site

Figure 1-84.

November 2014

Clark Fork River Mainstem Sites
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Dissolved lead concentrations at Clark Fork River mainstem sites, 2013. Boxplots
include data collected by RESPEC for the Montana Department of Environmental
Quality and preliminary data collected by the US Geological Survey (Source: USGS
2014). Dashed line represents the chronic aquatic life standard (ALS) (MDEQ
2012b) assuming water hardness of 195 mg/L as CaCO3 (median hardness from all
mainstem samples collected in 2013). River miles are measured downstream from
the Silver Bow Creek-Warm Springs Creek confluence.
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Figure 1-85.
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Total recoverable lead concentrations at Clark Fork River mainstem sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as CaCO3 (median
hardness from all mainstem samples collected in 2013). River miles are measured
downstream from the Silver Bow Creek-Warm Springs Creek confluence.
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Figure 1-86. Dissolved lead concentrations at Clark Fork River tributary sites, 2013. Boxplots
include data collected by RESPEC for the Montana Department of Environmental
Quality and preliminary data collected by the US Geological Survey (Source: USGS
2014). Dashed line represents the chronic aquatic life standard (ALS) (MDEQ
2012b) assuming water hardness of 174 mg/L as CaCO3 (median hardness from all
tributary samples collected in 2013).
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Figure 1-87.  Total recoverable lead concentrations at Clark Fork River tributary sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as CaCO3 (median
hardness from all tributary samples collected in 2013).
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Figure 1-88. Dissolved lead concentrations plotted by time at Clark Fork River mainstem sites,
2013. Chronic aquatic life standard (ALS; MDEQ 2012b) assumes water hardness
of 195 mg/L as CaCO3 (median hardness from all mainstem samples collected in
2013).
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Figure 1-90.  Dissolved lead concentrations plotted by time at Clark Fork River tributary sites,
2013. Chronic aquatic life standard (ALS; MDEQ 2012b) assumes water hardness
of 174 mg/L as CaCO3 (median hardness from all tributary samples collected in
2013).
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Figure 1-91.  Total recoverable lead concentrations plotted by time at Clark Fork River tributary
sites, 2013. Chronic aquatic life standard (ALS; MDEQ 2012b) assumes water
hardness of 174 mg/L as CaCO3 (median hardness from all tributary samples
collected in 2013).
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1.3.7.5 Mercury

MDEQ Data.-Monitoring for mercury at CFROU monitoring stations began in 2012. Total
mercury concentrations were below the analytical detection limit in 42 of 60 samples collected in
2012. However, in 2012 mercury was detected at least once at all Clark Fork River monitoring
sites, at the Mill-Willow Creek at Frontage Road site, Silver Bow Creek at Warm Springs site,
Little Blackfoot River near mouth site, the Flint Creek site, and the Rock Creek site. The highest
frequency (67%) of mercury detections in 2012 occurred during Q1 monitoring event. However,
the highest mercury concentrations occurred during Q2 in 2012. The highest mercury
concentrations during 2012 occurred in Flint Creek near mouth (0.00150 mg/L) in Q2. Clark
Fork River mainstem monitoring sites at Deer Lodge, near Garrison, and near Drummond had
the next highest mercury concentrations; Q2 mercury concentrations ranged from 0.00010-
0.00015 mg/L. In 2012, the spatial trend for mercury was generally of low concentrations in the
mainstem Clark Fork River sites above Deer Lodge and the highest concentrations observed at
the above Little Blackfoot River station. Elevated mercury in Flint Creek appeared to increase
concentrations in the Clark Fork River at the near Drummond site.

Mercury was detected in 11 of 12 (92%) of the samples collected in 2013. The highest mercury
concentrations occurred in Flint Creek during the Q2-Rising monitoring event. The second
highest mercury concentrations occurred in Flint Creek in Q1 and the third highest concentration
occurred in Flint Creek in Q4. The highest mercury concentration in the Clark Fork River near
Drummond occurred in Q1 (Figure 1-97).

Four of six 2013 samples in Flint Creek exceeded the mercury HHSWS. No samples from the
Clark Fork River near Drummond exceeded the HHSWS in 2013, however the Q1 sample
concentration (0.000043 mg/L) approached the HHSWS (0.000050 mg/L). Overall, mercury
concentrations at these two stations in 2013 were within the range of concentrations observed
at these stations in 2012. However, maximum concentrations were substantially higher in 2012
compared to 2013. In 2012, Flint Creek had two of four samples exceeding the HHSWS and
the Clark Fork River near Drummond showed one of four excursions. Compliance ratios for
mercury at the Flint Creek near mouth and Clark Fork River near Drummond sites in 2012 and
2013 did not demonstrate a temporal trend (Figure 1-98; Figure 1-99).
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Figure 1-92.  Total mercury (Hg) concentrations at sampling sites in the Clark Fork River
Operable Unit, 2013. Figure represents data collected under the Montana
Department of Environmental Quality monitoring program. No bars indicate
concentrations below the analytical reporting limit. Applicable water quality
standards are the aquatic life standards (ALS) and the human health surface water
standard (HHSWS) (MDEQ 2012b).
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Table 1-13. Total mercury concentrations (mg/L) at Clark Fork River Operable Unit monitoring
stations, 2013. Table represents data collected under the Montana Department of
Environmental Quality monitoring program.

Sample Period
Site ID Site Location Q2
Q1 — : Q3 Q4
Rising ‘ Peak ‘ Falling

Mainstem Sites
CFR-84F \ Clark Fork near Drummond | 0.000043 | 0.000012 \ 0.000011 \

ND ‘ 0.000020 ‘ 0.000011

Tributary Sites

| 0.000180 | 0.000410 ‘ 0.000018 ‘ 0.000056 ‘ 0.000030 ‘ 0.000110
ND Not detected at analytical reporting limit.

FC-CFR | Flint Creek near mouth

Exceeds chronic aquatic life standard (MDEQ 2012b).
Exceeds acute aquatic life standard (MDEQ 2012b).
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Figure 1-93.  Total mercury (Hg) compliance ratios for Flint Creek near mouth site, 2012-2013.
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Compliance ratios are based on the chronic aquatic life standard and the human
health surface water standard, or the drinking water standard (DW) (MDEQ 2012b).
Figure represents data collected under the Montana Department of Environmental
Quality monitoring program.
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Figure 1-94.  Total mercury (Hg) compliance ratios for Clark Fork River near Drummond site,
2012-2013. Compliance ratios are based on the chronic aquatic life standard and
the human health surface water standard, or the drinking water standard (DW)
(MDEQ 2012b). Figure represents data collected under the Montana Department of
Environmental Quality monitoring program.
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1.3.7.6 Methylmercury

MDEQ Data.-In 2012, methylmercury was detected in all CFROU samples. Methylmercury
concentrations were higher at nearly all stations in Q2 compared to Q3in 2012. Stations with
particularly high methylmercury concentrations in Q2 2012 included the Clark Fork River at Deer
Lodge, the Clark Fork River near Garrison, the Clark Fork River near Drummond, and Flint
Creek near mouth. Flint Creek overwhelmingly had the highest methylmercury concentrations
among all CFROU monitoring stations in 2012. The methylmercury concentration in Flint Creek
in Q2 concentration was nearly six times higher than any concentration measured in the Clark
Fork River mainstem

In 2013, methylmercury was detected in all samples from the CFROU (Figure 1-100).
Methylmercury concentrations in 2013 were within the range of concentrations observed in
those sites in 2012. The maximum 2013 methylmercury concentrations at each site were low
relative to the maximum concentrations observed in 2012, both of which occurred in Q2.
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Figure 1-95.  Methylmercury concentrations at sampling sites in the Clark Fork River Operable
Unit, 2013. Figure represents data collected under the Montana Department of
Environmental Quality monitoring program.
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Table 1-14. Methylmercury concentrations (ng/L) at Clark Fork River Operable Unit monitoring
stations, 2013. Table represents data collected under the Montana Department of

Environmental Quality monitoring program.

Sample Period
Site ID Site Location Q2
Q1 — : Q3 Q4
Rising ‘ Peak ‘ Falling
Mainstem Sites
CFR-84F | Clark Fork near Drummond | 0291 | 042 | 0623 | 0327 | 07 | 0239
Tributary Sites
FC-CFR | Flint Creek near mouth | o884 | 255 | 102 | 126 | o791 | 105
ND Not detected at analytical reporting limit.
Exceeds chronic aquatic life standard (MDEQ 2012b).
Exceeds acute aquatic life standard (MDEQ 2012b).
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1.3.7.7 Zinc

MDEQ Data.-Zinc concentrations in the Clark Fork River mainstem increased at each
monitoring station throughout Reach A, from near Galen to Deer Lodge, and then decreased
downstream at Turah in 2013 (Figure 1-101). All samples from the CFROU tributary sites had
low zinc concentrations in 2013 (Figure 1-102). Like most of the COC metals, the highest zinc
concentrations in 2013 were observed during the Q2-Rising monitoring event. This temporal
pattern was less apparent for the tributary sites where zinc concentrations were lower overall.
The Clark Fork River at Deer Lodge monitoring station also had elevated zinc concentrations in
Q4.

A more or less consistent level of dissolved zinc occurred at most monitoring stations (near the
reporting level), whereas total recoverable zinc concentrations were more variable. Zinc
concentrations in Q2 2013 were lower than Q2 monitoring events in 2010, 2011, and 2012.
However, zinc concentrations in Q1 and Q4 were similar in all of the 2010-2013 monitoring
years. No samples from the CFROU monitoring stations in 2013 had zinc concentrations which
exceeded the chronic ALS in 2013 (Table 1-15). However, several exceedances of the total
recoverable zinc chronic ALS were occurred in 2010, 2011, and 2012.

The zinc ALS compliance ratios for the Clark Fork River mainstem stations near Galen, at Deer
Lodge, and at Turah, and Silver Bow Creek at Warm Springs, appear to have declined
somewhat since 2010 (Figures 1-103 through Figure 1-106). The seasonal and spatial trends in
ALS compliance ratios for total recoverable zinc during the six 2013 monitoring events were
similar to the patterns noted for cadmium, copper, and lead. The Clark Fork River at Deer
Lodge most frequently had the highest zinc ALS compliance ratios during 2013, and the highest
mainstem ratios occurred during the Q2-Rising and Q2-Peak monitoring events (Figure 1-107).
All of the tributaries had compliance ratios that were consistently below 0.1 (Figure 1-108). The
mainstem stations had compliance ratios during 2013 that were consistently below 1.0 and
frequently below 0.1.

USGS and MDEQ Data.-All dissolved and total recoverable zinc concentrations were well below
the estimated chronic ALS at all Clark Fork River mainstem and tributary sites (Figure 1-109
through Figure 1-112). As with other copper and lead, median total recoverable lead increased
through Reach A (Figure 1-110). Generally, the USGS and RESPEC lead sample
concentrations appeared similar (Figure 1-113 through Figure 116).
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Figure 1-96.  Total recoverable (TR) and dissolved (Diss) zinc concentrations at mainstem
sampling sites in the Clark Fork River Operable Unit, 2013. Figure represents data
collected under the Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards (ALS) and the
human health surface water standard (HHSWS) (MDEQ 2012b).
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Figure 1-97.  Total recoverable (TR) and dissolved (Diss) zinc concentrations at tributary
sampling sites in the Clark Fork River Operable Unit, 2013. Figure represents data
collected under the Montana Department of Environmental Quality monitoring
program. No bars indicate concentrations below the analytical reporting limit.
Applicable water quality standards are the aquatic life standards (ALS) and the
human health surface water standard (HHSWS) (MDEQ 2012b).
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Table 1-15. Total recoverable zinc concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2013. Table represents data collected under the Montana
Department of Environmental Quality monitoring program.

Sample Period
Site ID Site Location Q2
Ql — , Q3 Q4
Rising ‘ Peak | Falling

Mainstem Sites
CFR-03A Clark Fork River near Galen 0.01 0.02 0.01 ND ND 0.01
CFR-07D Clark Fork River at Galen Road 0.01 0.03 0.02 ND ND 0.01
CFR-11F Clark Fork River at Gemback Road 0.02 0.04 0.02 0.01 ND ND
CFR-27H Clark Fork River at Deer Lodge 0.03 0.04 0.03 0.02 0.02 0.04
CFR-116A Clark Fork at Turah 0.02 0.02 0.02 ND ND 0.01

Tributary Sites
SS-25 Silver Bow Creek at Warm Springs ND ND ND ND ND 0.01
MCWC-MWB | Mill-Willow Creek at Frontage Road ND ND ND ND ND ND
MWB-SBC Mill-Willow Bypass near mouth 0.01 ND ND ND ND 0.01
WSC-SBC Warm Springs Creek near mouth ND ND ND ND ND ND
LBR-CFR Little Blackfoot River near Garrison ND 0.01 ND ND ND ND

ND Not detected at analytical reporting limit.

Exceeds chronic aquatic life standard (MDEQ 2012b).
Exceeds acute aquatic life standard (MVDEQ 2012b).

November 2014 122




Clark Fork River Operable Unit Monitoring Report for 2013

100.00
Silver Bow Creek at Warm Springs
10.00
.0
T
ﬁl.OO
g Zn Chronic/Acute
©
=
£
]
o
0.10 -
0.01 r r . .
A > A > A >
o> o> o2 o2 o ” Xo,—"%\‘?\ow o3>
20

Figure 1-98.  Total recoverable zinc (Zn) compliance ratios for Silver Bow Creek at Warm
Springs site, 2011-2013. Compliance ratios are based on the aquatic life standards
(MDEQ 2012b). Figure represents data collected under the Montana Department of
Environmental Quality monitoring program.
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Figure 1-99.  Total recoverable zinc (Zn) compliance ratios for Clark Fork River near Galen site,
2010-2013. Compliance ratios are based on the aquatic life standards (MDEQ
2012b). Figure represents data collected under the Montana Department of
Environmental Quality monitoring program.
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Figure 1-100.

November 2014

Total recoverable zinc (Zn) compliance ratios for Clark Fork River at Deer Lodge
site, 2010-2013. Compliance ratios are based on the aquatic life standards (MDEQ
2012b). Figure represents data collected under the Montana Department of
Environmental Quality monitoring program.
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Figure 1-101. Total recoverable zinc (Zn) compliance ratios for Clark Fork River at Turah site,
2010-2013. Compliance ratios are based on the aquatic life standards (MDEQ
2012b). Figure represents data collected under the Montana Department of
Environmental Quality monitoring program.
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Figure 1-102. Total recoverable (TR) zinc (Zn) compliance ratio in the Clark Fork River (CFR)
mainstem sites, 2013. Compliance ratio is based on the chronic and acute aquatic
life standard (ALS) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-103. Total recoverable (TR) zinc (Zn) compliance ratio in Clark Fork River (CFR)
tributary sites, 2013. Compliance ratio is based on the chronic and acute aquatic
life standard (ALS) (MDEQ 2012b). Figure represents data collected under the
Montana Department of Environmental Quality monitoring program.
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Figure 1-104. Dissolved zinc concentrations at Clark Fork River mainstem sites, 2013. Boxplots
include data collected by RESPEC for the Montana Department of Environmental
Quality and preliminary data collected by the US Geological Survey (Source: USGS
2014). Dashed line represents the chronic aquatic life standard (ALS) (MDEQ
2012b) assuming water hardness of 195 mg/L as CaCO3 (median hardness from all
mainstem samples collected in 2013). River miles are measured downstream from
the Silver Bow Creek-Warm Springs Creek confluence.
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Figure 1-105. Total recoverable zinc concentrations at Clark Fork River mainstem sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 195 mg/L as CaCO3 (median
hardness from all mainstem samples collected in 2013). River miles are measured
downstream from the Silver Bow Creek-Warm Springs Creek confluence.
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Figure 1-106. Dissolved zinc concentrations at Clark Fork River tributary sites, 2013. Boxplots
include data collected by RESPEC for the Montana Department of Environmental
Quality and preliminary data collected by the US Geological Survey (Source: USGS
2014). Dashed line represents the chronic aquatic life standard (ALS) (MDEQ
2012b) assuming water hardness of 174 mg/L as CaCO3 (median hardness from all
tributary samples collected in 2013).
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Figure 1-107. Total recoverable zinc concentrations at Clark Fork River tributary sites, 2013.
Boxplots include data collected by RESPEC for the Montana Department of
Environmental Quality and preliminary data collected by the US Geological Survey
(Source: USGS 2014). Dashed line represents the chronic aquatic life standard
(ALS) (MDEQ 2012b) assuming water hardness of 174 mg/L as CaCO3 (median
hardness from all tributary samples collected in 2013).
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1.4 DISCUSSION

1.4.1 Data Validation

Generally, this monitoring program has satisfied the data quality objectives and data quality
indicators specified in the quality assurance project plan (Atkins 2013). Moreover, it appears
that the COC concentrations in samples collected and analyzed in this monitoring program are
similar to those collected and analyzed by the USGS. However, this observation has not been
tested empirically. A more formal method of assessing the degree of agreement between the
USGS and RESPEC monitoring programs might be to fit regressions of observed COC
concentrations on streamflows to compare the residuals of each program. Streamflows are
known to be strong predictors of COC concentrations in the Clark Fork River (Sando et al.
2014).

Although quality control appears to be largely satisfactory, quality control results have
consistently demonstrated that trace level contamination of dissolved field samples with zinc
occurs in this monitoring program. We suspect that the field filtering apparatus may be
responsible for the zinc contamination. Beginning in Q4 2012, all field filters were rinsed with
deionized water prior to filtration of dissolved samples. However, this approach did not reduce
the frequency of dissolved zinc contamination in 2013. In 2014, all dissolved sample bottles,
field filters, and syringes have been friple rinsed with laboratory pure deionized water stored
only in sterilized glass bottles in a further attempt to reduce zinc contamination in filtered
samples. At the end of the 2014 sample period, we will reassess the success of these
measures at reducing zinc contamination in the filtered samples. If necessary, based on 2014
results, we will consider additional measures to reduce zinc contamination. For example, we
may consider using a peristaltic pump to filter samples, rather than handheld syringes, if it is
determined that the syringes are responsible for the zinc contamination.

It is worth noting that contamination of samples with dissolved zinc is trace level and has
resulted in a positive bias (i.e., reported dissolved zinc concentrations are higher than what is
actually occurring). Despite this positive bias, all field sample zinc concentrations have been
well below performance standards.

1.4.2 Streamflows

Streamflows in the Clark Fork River watershed were well below normal in 2013. These low
streamflows presumably were largely responsible for the relatively low COC concentrations in
2013 compared to prior years. Low streamflows almost certainly also strongly influenced other
parameters such as water temperatures, nutrient levels, conductivity, turbidity, common ion
concentrations, and total suspended sediment concentrations.

1.4.3 Field Parameters

1.4.3.1 Water Temperature

Water temperature has considerable chemical and biological significance in riverine systems.
Stream temperatures reflect seasonal changes in net solar radiation as well as daily changes in
air temperature, and vary as a function of stream morphological characteristics, groundwater
inputs, shading, the presence of particulate matter in the water column, and other variables.
Optimal water temperatures for most trout species is approximately 12—14°C. Sustained
temperatures in the 20—25°C temperature range can be fatal for trout.

Temperature monitoring results for the upper Clark Fork River monitoring stations during 2013
indicated modest seasonal and spatial variations that were generally within the preferred range
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for cold water organisms such as trout. However, stream temperatures are extremely variable
as a result of weather and diel variation and this monitoring program is not intended to capture
extreme temperature swings. More detailed hourly temperature data collected by Montana Fish
Wildlife and Parks indicated that water temperatures in the Clark Fork River and tributaries are
extremely stressful for trout, regularly exceeding 20°C and occasionally exceeding 25°C, in the
summer months at many of these sites (see Section 5.0).

1.4.3.2 Acidity

Water pH measures the acidity of water as the concentration of hydrogen ions on a logarithmic
scale. Acidity is influenced by water temperature, although the relationship is not linear, and
typically shows a weak inverse relationship to streamflow as concentrations of base minerals
tend to become diluted during runoff conditions. Acidity typically fluctuates on a diel cycle in
relation to stream metabolism, with pH highest during the day. As dissolved carbon dioxide (a
weak acid) levels increase during the night (because photosynthesis does not occur), pH levels
decrease. Stream pH has direct and indirect effects on water chemistry and the biota of aquatic
systems. Declines in pH below 6.5 may reduce salmonid egg production and hatching, and can
reduce the emergence of some aquatic insects. The solubility of some metals varies with pH.
This is important in systems such as the Clark Fork where metal concentrations in sediments
are elevated. Stream pH also affects a variety of other instream chemical equilibria, for
example the proportion of ammonia present in the toxic, unionized form.

MDEQ has concluded that pH levels need to be maintained within the 6.5-9.0 range to protect
aquatic life. Generally, pH in the Clark Fork River was within recommended levels (6.5-9.0).
However, pH in Silver Bow Creek immediately upstream from the Clark Fork River mainstem
regularly exceeds 9.0 during the summer (S. Lubick, Pioneer-Technical Services, unpublished
data). One measurement from the Silver Bow Creek at Warm Springs site had a pH (9.20). ltis
unclear if elevated daytime pH in Silver Bow Creek below the Warm Springs Ponds is the result
of excessive liming, diel cycles related to high productivity from nutrient enrichment, or both
(Nimmick et al. 2011; Chatham 2012).

1.4.3.3 Conductivity

Conductivity is a quantitative measure of the ability of an aqueous solution to convey an
electrical current and is a function of water temperature and the concentration of dissolved ions
in water. Conductivity provides an approximation of the concentration of dissolved solids in
water as well as its potential suitability for uses that may be limited by excessive salinity.
Conductivity also gives general insight into spatial and seasonal changes in water chemistry.

Elevated levels of conductivity reflecting high dissolved solids may limit some water uses, such
as irrigation, or drinking water. Very low conductivity, as affected by watershed geology, may
contribute to low productivity of associated biological systems. Conductivity tends to be
inversely proportional to streamflow due to dilution from spring snowmelt runoff. Conductivity in
the upper Clark Fork River in 2013 reflected seasonal variation consistent with annual snowmelt
runoff.

1.4.3.4 Dissolved Oxygen

Dissolved oxygen refers to the amount of oxygen dissolved in water. The capacity of water to
hold oxygen in solution is inversely proportional to water temperature. In addition to water
temperature, instream dissolved oxygen concentrations are affected by respiration of
organisms, photosynthesis of aquatic plants, the biochemical oxygen demand of substances in
the water, and the dissolution of atmospheric oxygen in the water by rapid movement.
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Dissolved oxygen levels fluctuate seasonally and over diel cycles due to the stream
ecosystem’s ability to produce and consume oxygen.

Acceptable levels of DO for the protection of aquatic life are defined in the Montana water
quality standards (MDEQ 2012b). Values that apply to the upper Clark Fork range from a high
of 9.5 mg/L, measured as a seven-day mean concentration where sensitive early life stages are
present, to a low of 4.0 mg/L measured as a one day minimum for settings where other than
early life stages of aquatic life are present (MDEQ 2012b).

Adequate levels of dissolved oxygen are required by biological stream communities and for the
decomposition of organic matter in the stream. No dissolved oxygen measurements in the
CFROU in 2013 indicated water quality or water use limitations associated with inadequate
oxygen concentrations. However, the lowest dissolved oxygen concentrations generally occur
in the pre-dawn hours and monitoring occurred in the daytime at all sites.

1.4.3.5 Turbidity

Turbidity refers to the amount of light that is absorbed or scattered by water, and is an optical
property of water. Increasing turbidity or “cloudiness” in surface waters usually results from the
presence of suspended silt or clay particles, organic matter, colored organic compounds, and
microorganisms. Turbidity does not always correlate well with the weight of suspended matter
in solution because of different particle sizes, weights and refractive properties of the
substances that contribute to turbidity.

Elevated turbidity levels can impede recreational and aesthetic uses of water, and turbidity is an
important parameter for drinking water. High turbidity adversely affects feeding, growth, and
suitable habitat of salmonid fishes, and it may contribute to increases in surface water
temperatures. The MDEQ has established maximum allowable increases above naturally
occurring turbidity. The allowable increase is 10 nephelometric turbidity units (NTU) for C-2
class streams (Clark Fork from Warm Springs Creek to Cottonwood Creek), and five units for C-
1 (Clark Fork from Cottonwood Creek to the Little Blackfoot River) and B-1 (remainder of Clark
Fork) class streams (ARM 17.30.623, 2007; ARM 17.30.626—627, 2007).

Turbidity during 2013 Q2-Rising monitoring event was significantly elevated compared to other
monitoring events presumably due to the initial onset of spring snowmelt runoff. The only
exception to this pattern was Silver Bow Creek at Warm Springs, which is located downstream
from the Warm Springs Ponds, which buffer the site from elevated turbidity. Although most sites
had high turbidity during runoff as expected, the Clark Fork River at Deer Lodge site had
elevated turbidity in Q4 2013, potentially due to ice scouring.

1.4.4 Total Suspended Sediment

Suspended sediment refers to sediment suspended in the water column, as opposed to
sediment transported along the stream bottom, which is known as bedload. Suspended
sediment in streams generally includes a range of particle sizes which will vary with watershed
geology, stream velocity, bed form, and turbulence. Excess fine sediment interferes with most
water uses and has particularly adverse effects on benthic invertebrate and salmonid fish
growth and reproduction. Increased suspended sediment can reduce light penetration and
affect primary production by aquatic plants, and may affect the morphology of alluvial stream
channels. In the Clark Fork system, transport of many of the COCs is directly correlated with
suspended sediment.

Total suspended sediment concentrations during most samples at most sites were similar to
prior years and generally as expected given streamflow conditions. However, at the Clark Fork
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River at Deer Lodge station in Q4 concentrations were quite high and may have been related to
ice scouring of the streambanks and bed.

1.4.5 Common lons

Common ions describe basic water chemistry. Certain ions, such as sulfate, may indicate the
presence of mine related contaminants. Calcium and magnesium ions contribute to water
hardness, which helps to buffer the toxic effects of some metals. Aquatic life toxicity criteria for
metal COCs vary directly in relation to hardness. Hardness mitigates metals toxicity by
impeding the rate at which aquatic organisms absorb metals through the gills. Carbonate and
bicarbonate alkalinity contribute to the buffering system of surface waters to resist changes in
pH. Levels of water hardness and alkalinity also strongly influence the productivity of aquatic
systems. Western freshwater fisheries typically show alkalinity values of 100—200 mg/L. Based
on previous monitoring, calcium is the dominant cation in the upper Clark Fork River monitoring
network stations.

Water hardness in the Clark Fork River mainstem stations in 2013 would be categorized as
“hard” to “very hard” except during major runoff conditions. Moderate alkalinity in the upper
mainstem Clark Fork River reflect a well buffered system, with good potential for fish production
barring other limitations. Sulfate is the second most prevalent anion in the upper Clark Fork
River watershed, behind bicarbonate.

1.4.6 Nutrients

Numeric water quality standards have been adopted for nutrients in the Clark Fork River from
the Warm Springs Creek confluence to the Blackfoot River confluence, a reach which
encompasses most of the CFROU (ARM 17.30.631). The standards apply only to the summer
season, defined as the period from June 21 through September 21. The standards for this
segment of the Clark Fork River are 0.300 mg/L for total nitrogen and 0.020 mg/L for total
phosphorus (ARM 17.30.631). The standards do not apply to sample sites located in tributaries
to the Clark Fork River.

Total nitrogen concentrations were highest during lower streamflow periods, especially during
the Q4 monitoring event. The maximum total nitrogen concentrations were observed in the
Clark Fork at Deer Lodge in Q4 and in Silver Bow Creek at Warm Springs in Q3 and Q4.
Elevated nitrogen levels at Deer Lodge in Q4 may have been related to ice scour.

Concentrations of total phosphorus were highest at most sites during the Q2 monitoring events.
This may have been attributable to correspondingly high concentrations of total suspended
sediment present during this period. Phosphorus readily adsorbs to sediment particles and
there is a strong correlation between total phosphorus and total suspended sediment
concentrations in surface water.

1.4.7 Contaminants of Concern

Surface water monitoring data collected in 2013 represents the fourth year of monitoring in the
CFROU. Remediation activities were just beginning in the CFROU in 2013. Active remediation
was in progress in only the uppermost 1.6 mile reach of the Clark Fork River (Phase 1 of Reach
A), immediately downstream from the Warm Springs confluence. Reach A, extending from the
Warm Springs Creek confluence to the Little Blackfoot River confluence, has the largest volume
of streamside tailings in the CFROU. In particular, the uppermost portion of the river located
upstream from the town of Deer Lodge has been identified as an area of relatively heavy COC
loading to the Clark Fork River (Sando et al. 2014). Monitoring from 2010-2012 represented
baseline conditions in the CFROU, immediately prior to remediation. As of 2013, remediation
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was just beginning and therefore it is unlikely that remedial activities would have influence COC
levels in the river.

In 2013, COC levels were generally low compared to prior years and relatively few samples
exceeded performance goals. For example, no total recoverable cadmium samples exceeded
the chronic ALS in 2013 whereas exceedances were common in prior years: 2010 (21%), 2011
(21%), and 2012 (7%). In addition, no zinc concentrations exceeded the performance goals in
2013. Primary factors contributing to the relatively few COC performance goal exceedances in
2013 were likely the substantially reduced streamflows and elevated water hardness.
Streamflows in the Clark Fork River are strongly related to COC concentrations (Sando et al.
2014) and water hardness plays a primary role because water quality standards for all CFROU
COCs, except arsenic, are directly (positively) related to hardness.

Despite apparent improvements in surface water quality in 2013, exceedances of performance
goals for arsenic and copper were common. In the Reach A Clark Fork River mainstem sites,
arsenic concentrations exceeded the HHSWS in 83% (20 of 24) of the samples. Arsenic
concentrations exceeded the HHSWS in 94% (17 of 18) of the samples from Silver Bow Creek,
Mill-Willow Creek, and the Mill-Willow Bypass. These data clearly suggest that Silver Bow
Creek and the Mill-Willow Bypass are primary sources of arsenic in the Clark Fork River
mainstem. Recent analysis by the USGS identified the Warm Springs Ponds, the Mill-Willow
Bypass, and groundwater in the vicinity of the Warm Springs Ponds as substantial arsenic
sources to the upper Clark Fork River (Sando et al. 2014).

In addition to arsenic contamination in the Clark Fork River mainstem, copper exceeded the
chronic ALS at all mainstem Clark Fork River sites during the Q2-Rising and Q2-Peak
monitoring events, and at Deer Lodge during all sample periods except Q3. Again, these
results support conclusions of Sando et al. (2014) that the Clark Fork River reach upstream
from Deer Lodge is a major source of copper loading and copper concentrations throughout the
river are strongly related to streamflows. Inclusion of the USGS data in these analyses
demonstrated that in actuality, median copper concentrations (as well as other COCs such as
lead) were actually higher downstream from Deer Lodge, at the above Little Blackfoot sample
site.

Generally, all COC concentrations and compliance ratios at all sites were highest during the Q2-
Rising monitoring event when the highest streamflows occurred and water hardness was
lowest. The only exceedances of the chronic ALS for lead occurred during the Q2-Rising
monitoring event.

1.4.8 Mercury and Methylmercury

Monitoring for methylmercury at CFROU monitoring stations began in 2012 at the request of
Montana Fish Wildlife and Parks. Inorganic mercury is converted to methylmercury in aquatic
systems by sulfate- and iron-reducing bacteria. Methylmercury is a highly toxic form of mercury
that biomagnifies readily. Fish consumption is the main source of human exposure to
methylmercury, and a number of adverse health effects associated with exposure to
methylmercury have been identified in humans and animal studies.

Methylmercury is not commonly measured in water, but the U.S. Environmental Protection
Agency has published a human health water quality criterion for methylmercury expressed as a
concentration in fish and shellfish tissue. It is not practical to translate fish tissue concentrations
into water column concentrations. Therefore, for the purposes of this report, methylmercury
concentrations were reported by no evaluation of standards excursions was possible.
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Sampling results in 2013 demonstrated that Flint Creek is clearly a source of mercury and
methylmercury to the Clark Fork River. However, despite exceedances of the mercury HHSWS
by nearly 10 times in Flint Creek in 2013, no exceedances occurred in the Clark Fork River.
Maximum mercury levels in 2012 were higher than in 2013, mercury concentrations exceeded
the HHSWS by 30 times in Flint Creek and by 2.4 times in the Clark Fork River in Q2 2013.
Mercury and methylmercury were detected at levels above the reporting limits during all sample
periods at each site sampled in 2013.
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2.0 SEDIMENT

Mobilization of contaminated sediments originating from streamside tailings deposits reach the
Clark Fork River through streambank erosion, overland flow, and re-suspension of deposited in-
channel sediment, and are pathways for contamination of surface water, and aquatic and
riparian resources (USEPA 2004). Data collected from Clark Fork River bed sediments
indicates that concentrations of contaminants vary considerably in space and time due to
streambed and streambank erosion, and deposition of streambed material that occurs naturally.
Generally, metal and arsenic concentrations are three to five times higher in the fine grained
fractions of the sediment than in the bulk fractions. Sediments from riffle areas have also been
investigated and concentrations of metals were found to be 30-40% lower in these areas
compared to depositional areas. Additionally, copper concentrations in streambed sediments
decrease as grain size increases (NRDP 2007).

From a management standpoint, instream sediments are unlike surface water in that they
typically have a longer residence time. Water moves into and out of the remediation reach of
the Clark Fork River fairly rapidly. This can cause wide variations in water quality over short
time periods. Sediment moves much more slowly, and contamination in sediment can have
lasting effects on water quality and aquatic life.

2.1 REFERENCE BENCHMARKS

No specific remediation performance standards were established for COC concentrations of
instream sediments in the CFROU ROD (USEPA 2004). However, reference benchmarks were
established for instream sediments in the Streamside Tailings Operable Unit (SSTOU) of Silver
Bow Creek, a headwater tributary to the Clark Fork River. The SSTOU reference benchmarks
for each COC concentration in instream sediments are the “threshold of effect concentration”
(TECs) and the “probable effect concentration” (PEC), which are consensus-based sediment
quality guidelines for benthic organisms (MacDonald et al. 2000). At metal COC concentrations
above the TEC, benthic organisms may be affected by that COC. At metal COC concentrations
above the PEC, benthic organisms are likely to be affected by that COC. The TEC and PEC
have been adopted as guidelines for predicting the ecological effects of instream sediment COC
concentrations within the CFROU (Table 2-1).

The proposed reference benchmarks for the CFROU are to have sediment COC concentrations
which are below the PEC and the TEC. Attainment of instream sediment reference benchmarks
in the SSTOU, coupled with planned remedial actions within the CFROU to remove tailings
deposits, reduce streambank erosion, and enhance riparian vegetation growth will contribute to
reduced COC concentrations for instream sediments in the Clark Fork River. Therefore,
instream sediment COC concentrations will be monitored in the CFROU.
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Table 2-1. Proposed reference benchmarks for contaminant of concern concentrations (dry
weight [DW]) of instream sediments in the Clark Fork River Operable Unit. The
threshold effect (TEC) and probable effect (PEC) concentrations were described in
MacDonald et al. (2000).

Contaminant Threshold of Effect Concentration Probable Effect Concentration
of Concern (mg/kg-DW) (mg/kg-DW)
Arsenic 9.79 33
Cadmium 0.99 4.98
Copper 31.6 149
Lead 35.8 128
Zinc 121 459

2.2 METHODS
2.2.1 Data Validation

Data quality objectives (DQOs) were established in the CFROU monitoring project sampling and
analysis plan and quality assurance project plan (SAP/QAPP) for “data representativeness”,
“‘comparability”, “completeness”, “sensitivity”, “precision”, “bias”, and “accuracy” (Atkins 2013).
Methods for field and laboratory quality assurance and quality control (QA/QC) procedures are
also described in detail in the project SAP/QAPP. A completed QA/QC checklist, summary
tables of field duplicate and field blank results, and assessments of data quality objectives are

included in Appendix A.

Variability in sediment metals concentrations among samples was assessed by comparing field
duplicate samples to field samples. Field duplicate samples were collected at the same
location, at the same time as field samples and were processed and analyzed by the same
methods. The relative percent difference (RPD) between the concentration in the field duplicate
and field sample pair was determined for each metal. Two field duplicate samples were
collected during each sampling event and RPD statistics were determined between each field
duplicate and the paired sample.

2.2.2 Monitoring Locations

Instream sediment was monitored at 12 CFROU sites in 2013 (Figure 2-1; Table 2-2). The
monitoring network included five sites in the Clark Fork River mainstem and eight sites in
tributary streams (Table 2-2). Monitoring sites changed between 2012 and 2013 to provide a
more detailed spatial representation of the Clark Fork River mainstem in Reach A. Additionally,
some sites were removed from the monitoring network to avoid duplication of water quality
sampling efforts by the USGS.
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Table 2-2. Sediment sampling locations for the Clark Fork River Operable Unit, 2013.
Streamflows were measured at all sample sites which did not have co-located
USGS streamflow gauges.

Co-located
USGS Location (GPS coordinates, NAD
Streamflow 83)
Site ID Site Location Gauge Latitude | Longitude
Mainstem Sites
CFR-03A Clark Fork River near Galen 12323800 46.20877 -112.76740
CFR-07D Clark Fork River at Galen Road none 46.23725 -112.75302
CFR-11F Clark Fork River at Gemback Road none 46.26520 -112.74430
CFR-27H Clark Fork River at Deer Lodge 12324200 46.39796 -112.74283
CFR-116A Clark Fork at Turah 12334550 46.82646 -113.81424
Tributary Sites
MCWC-MWB Mill-Willow Creek at Frontage Road none 46.12649 -112.79876
MWB-SBC Mill-Willow Bypass near mouth none 46.17839 -112.78270
SS-25 Silver Bow Creek at Warm Springs 12323750 46.18123 -112.77917
WSC-SBC Warm Springs Creek near mouth 12323770 46.18041 -112.78592
LC-7.5" Lost Creek near mouth 12323850 46.21862 -112.77384
RTC-1.5" Racetrack Creek near mouth none 46.28395 -112.74921
LBR-CFR Little Blackfoot River near Garrison 12324590 46.51964 -112.79312

1. In 2013, sites LC-7 (GPS Location: 46.22665, -112.76017) and RTC-1 (GPS Location: 46.28406,
-112.74484) were replaced by sites LC-7.5 and RTC-1.5 respectively. Sites LC-7 and RTC-1
were replaced because each appeared to be located within the Clark Fork River floodplain.

2.2.3 Monitoring Schedule

Monitoring occurred in the first quarter (Q1) and third quarter (Q3) of 2013. Each monitoring
event occurred near the end of each quarter. The Q1 monitoring event occurred in the late
winter on March 19-20. The Q3 monitoring event occurred during low streamflow conditions on
September 17-18.

2.2.4 Monitoring Parameters

Instream sediment samples were analyzed for wet weight total extractable metal (arsenic,
cadmium, copper, lead, and zinc) concentrations.

2.2.5 Sample Collection and Analysis Procedures

Sediment samples were collected by compositing subsamples from at least five deposition
zones in wadeable locations at each monitoring site. Sediment was scooped from the
streambed with a plastic spoon following the MDEQ standard operating procedure SOP
WQPBWQM-020 (Revision 3.2, 2013).

The fine fraction (particle diameter <0.065 mm) portion of each sample was isolated from each
composite sample by wet sieve in the laboratory shortly after collection and retained for analysis
of metal concentrations. Each sample was analyzed for total extractable wet weight
concentrations (mg/kg-WW) of arsenic, cadmium, copper, lead, and zinc following methods
identified in Table 2-3. The relative proportion (by weight) of the fine fraction sediment in each
sample was also determined. Sediment samples were analyzed by Energy Laboratories
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(Helena, Montana). Prior 2013, each sediment sample was sieved into three size fractions
(<0.065 mm, 0.065—-1 mm, and 1-2 mm), and each size fraction was independently analyzed for
metal concentrations. The proportion of each composited sample composed of fine fraction
sediment was determined to evaluate if the proportion of fine fraction sediment in the sample
influences metal concentrations.

Since the CFROU monitoring program began in 2010, all sediment metals samples have been
analyzed on a wet weight (WW) basis. Wet weight analyte concentrations are normally lower
than dry weight (DW) analyte concentrations because the sample drying process reduces the
total mass of the sample without reducing the mass of the analyte. The TEC and PEC sediment
performance goals are expressed on a DW basis. In this report, the WW sample concentrations
are compared to the DW TEC and PEC performance goals but it must be recognized that the
WW results likely underestimate the true DW concentrations.

Table 2-3. Sediment analysis methods for determination of wet weight (WW) metals
concentrations in the Clark Fork River Operable Unit, 2013.

Parameter (mg/kg-WW) Category Method
Arsenic SW6020 or SW6010B
Cadmium SW6020 or SW6010B
Copper Contaminant of Concern SW6020 or SW6010B
Lead SW6020 or SW6010B
Zinc SW6020 or SW6010B

2.2.6 Data Analysis

Data were analyzed to assess spatial and temporal patterns in sediment metal and metalloid
concentrations. In addition, metal and metalloid concentrations at each sample site were
compared to performance goals (Table 2-1) to assess exceedances.
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2.3 RESULTS

2.3.1 Data Validation

The RPDs between the field duplicate and field sample pairs ranged from 0-14.4% in Q1 and

from 1.6-27.6% in Q3. The mean RPD among all field duplicate and field sample pairs in 2013
was 11.7%. RPDs in 2013 were similar to RPDs from previous years (2010-2012). The range
of RPDs were 0-15.4% (2010), 2.1-20.9% (2011), and 1.0-22.2% (2012). The mean RPDs were
9.7% (2010), 9.9% (2011), and 9.6% (2012).

2.3.2 Sample Size Fraction

In the Clark Fork River mainstem sites the fraction of each sample with fine sediment generally
increased at each downstream site, particularly during the Q1 2013 monitoring event (Table 2-

4). Racetrack Creek near mouth had the lowest proportion of fine sediment in each sample

(Table 2-4). Silver Bow Creek at Warm Springs, located just downstream of the Warm Springs
treatment pond system (Figure 2-1), had the second lowest proportion of fine fraction sediment

with <3.2% (Table 2-4). The Clark Fork at Turah sample in Q1 had the highest proportion of

fine fraction sediment (Table 2-4).

Table 2-4. Proportion of each sample collected in the Clark Fork River Operable Unit with fine
fraction (<0.065 mm) sediment particles, 2013.
Site ID Site Location Sample proportion (%)
Q1 Q3
Mainstem Sites
CFR-03A Clark Fork River near Galen 6.1 3.7
CFR-07D Clark Fork River at Galen Road 7.9 6.1
CFR-11F Clark Fork River at Gemback Road 7.9 3.8
CFR-27H Clark Fork River at Deer Lodge 28.6 5.2
CFR-116A Clark Fork at Turah 41.0 6.0
Tributary Sites
MCWC-MWB Mill-Willow Creek at Frontage Road 5.7 4.5
MWB-SBC Mill-Willow Bypass near mouth 3.5 9.7
SS-25 Silver Bow Creek at Warm Springs 29 3.2
WSC-SBC Warm Springs Creek near mouth 14.7 9.4
LC-7.5 Lost Creek near mouth 14.5 28.2
RTC-1.5 Racetrack Creek near mouth 1.2 1.9
LBR-CFR Little Blackfoot River near Garrison 29.4 9.5
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2.3.3 Contaminants of Concern

2.3.3.1 Arsenic

The spatial trend for sediment arsenic concentrations at mainstem Clark Fork River monitoring
sites was an increase in concentrations from the near Galen site to the Galen Road site,
followed by decreasing concentrations from the Galen Road to Turah sites (Figure 2-2). This
spatial pattern was observed during both 2013 monitoring events, but was more pronounced
during the Q3 monitoring event when concentrations were somewhat lower at all of the
mainstem sites. Among the tributary stations that were monitored in 2013, the Mill-Willow
Bypass showed the highest sediment arsenic concentrations (Figure 2-3). The Q1 2013
sediment arsenic concentration in Mill-Willow Bypass was much higher than concentrations
observed at any of the mainstem Clark Fork sites. Mill-Willow Creek at Frontage Road, Silver
Bow Creek at Warm Springs, and Warm Springs Creek near mouth had the second highest
concentrations. Lost Creek, Racetrack Creek, and the Little Blackfoot River had the lowest
sediment arsenic concentrations of the tributary sites. The Little Blackfoot River showed the
lowest sediment arsenic concentrations of all of the tributaries monitored.

The 2013 sediment arsenic concentrations for the mainstem Clark Fork near Galen, at Deer
Lodge, and at Turah were generally comparable to the concentrations observed in 2012.

Wet weight sediment arsenic concentrations exceeded the dry weight based TEC at all sites
except the Little Blackfoot River near mouth (Table 2-5). Arsenic concentrations exceeded the
PEC at Mill-Willow Creek, Mill-Willow Bypass, Silver Bow Creek at Warm Springs, Warm
Springs Creek near mouth, and in the Clark Fork near Galen, at Galen Road, at Gemback
Road, and at Deer Lodge during at least one monitoring event in 2013.

November 2014 149



Clark Fork River Operable Unit Monitoring Report for 2013

Arsenic, Mainstem
100
90
80
§ 70
. mQ12013
g 60
g mQ32013
= 50
®
F 40
2
c PEC
g 30
<
20
0
alen Oad oad age utah
wrork ™ ar® Gaen™ Ge ack? okt 0 - \ark PO al
Clar c\ar ark ‘;OV\‘ at C\afk 3 c
Mainstem Monitoring Station
Figure 2-2. Total arsenic concentrations (wet weight [WW]) in Clark Fork River mainstem

sediment samples, 2013. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) (MacDonald et al. 2000).
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Figure 2-3. Total arsenic concentrations (wet weight [WW]) in Clark Fork River tributary
sediment samples, 2013. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) (MacDonald et al. 2000).
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Table 2-5. Total arsenic concentrations (mg/kg wet weight) in instream sediment samples
from the Clark Fork River Operable Unit monitoring stations, 2013. Sample
concentrations are from the fine sediment size fraction (<0.065 mm).

. ) ) Sample concentration (mg/kg-WW)
Site ID Site Location
Q1 | Q3

Mainstem Sites

CFR-03A Clark Fork River near Galen
CFR-07D Clark Fork River at Galen Road
CFR-11F Clark Fork River at Gemback Road
CFR-27H Clark Fork River at Deer Lodge
CFR-116A Clark Fork at Turah

Tributary Sites
MCWC-MWB Mill-Willow Creek at Frontage Road

MWB-SBC Mill-Willow Bypass near mouth

SS-25 Silver Bow Creek at Warm Springs

WSC-SBC Warm Springs Creek near mouth

LC-7.5 Lost Creek near mouth

RTC-1.5 Racetrack Creek near mouth 18 16

LBR-CFR Little Blackfoot River near Garrison 8 6
ND Not detected at analytical reporting limit.

Exceeds threshold effect concentration (MacDonald et al. 2000).

_ Exceeds probable effect concentration (MacDonald et al. 2000).

2.3.3.2 Cadmium

Sediment cadmium concentrations were above the analytical reporting limit at all monitoring
stations during each 2013 monitoring event (Figures 2-4; Figure 2-5). There was no distinct
spatial trend for cadmium in sediment at CFROU monitoring stations during 2013. The
maximum sediment cadmium concentration in the CFROU in 2013 was 3.1 mg/kg-WW at
Gemback Road during Q3. Among the tributary monitoring stations, Racetrack Creek and the
Little Blackfoot River had the lowest sediment cadmium concentrations. Mill-Willow Creek, Mill-
Willow Bypass, Silver Bow Creek at Warm Springs, and Warm Springs Creek near mouth had
higher sediment cadmium concentrations compared to other tributary sites. Cadmium
concentrations in Mill-Willow Creek, Mill-Willow Bypass, Silver Bow Creek at Warm Springs, and
Warm Springs Creek near mouth were nearly as high as in the mainstem Clark Fork River sites.

Sediment cadmium concentrations at the mainstem Clark Fork River monitoring stations during
2013 were generally similar to the values observed during 2012.

Sediment cadmium concentrations exceeded the TEC at four of the five mainstem monitoring
stations and at five of the seven tributary monitoring stations during 2013 (Table 2-6). Only the
Little Blackfoot River, Racetrack Creek, and the Clark Fork at Turah sites did not exceed the
TEC for sediment cadmium in 2013. No exceedances of the PEC occurred in 2013.
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Total cadmium concentrations (wet weight [WW]) in Clark Fork River mainstem
sediment samples, 2013. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) (MacDonald et al. 2000).
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Figure 2-5. Total cadmium concentrations (wet weight [WW]) in Clark Fork River tributary
sediment samples, 2013. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) (MacDonald et al. 2000).

November 2014 154



Clark Fork River Operable Unit

Monitoring Report for 2013

Table 2-6. Total cadmium concentrations (mg/kg wet weight) in instream sediment samples
from the Clark Fork River Operable Unit monitoring stations, 2013. Sample
concentrations are from the fine sediment size fraction (<0.065 mm).

. ) ) Sample concentration (mg/kg-WW)
Site ID Site Location
Q1 | Q3
Mainstem Sites

CFR-03A Clark Fork River near Galen 23 24

CFR-07D Clark Fork River at Galen Road 23 21

CFR-11F Clark Fork River at Gemback Road 22 3.1

CFR-27H Clark Fork River at Deer Lodge 1.9 2.2

CFR-116A Clark Fork at Turah 0.8 0.9

Tributary Sites

MCWC-MWB Mill-Willow Creek at Frontage Road 1.9 1.4

MWB-SBC Mill-Willow Bypass near mouth 1.3 1

SS-25 Silver Bow Creek at Warm Springs 2.2 1.3

WSC-SBC Warm Springs Creek near mouth 1.6 1

LC-7.5 Lost Creek near mouth 1 0.6

RTC-1.5 Racetrack Creek near mouth 0.7 0.7

LBR-CFR Little Blackfoot River near Garrison 0.3 0.4

ND Not detected at analytical reporting limit.

November 2014

Exceeds threshold effect concentration (MacDonald et al. 2000).

_ Exceeds probable effect concentration (MacDonald et al. 2000).
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2.3.3.3 Copper

The spatial trend for sediment copper concentrations in the mainstem Clark Fork River in 2013
was similar to that observed for arsenic. Copper concentrations increased from near Galen to
Galen Road and decreased at each site downstream from Galen Road (Figure 2-6). The
maximum sediment copper concentration (596 mg/kg-WW) occurred at Galen Road in Q1. The
minimum mainstem sediment copper concentration (92 mg/kg-WW) was observed in the Clark
Fork River at Turah in Q3. Sediment copper concentrations at the tributary stations were highly
variable, ranging from a minimum of 10 mg/kg-WW in the Little Blackfoot River to a maximum of
296 mg/kg-WW in Warm Springs Creek.

Sediment copper concentrations at the mainstem Clark Fork monitoring stations during 2013
were generally comparable to the values recorded during 2012.

Copper concentrations exceeded the copper TEC at 11 of 12 CFROU monitoring stations during
2013; only the Little Blackfoot River was below the TEC (Figure 2-6; Figure 2-7). Sediment
copper concentrations exceeded the PEC in Warm Springs Creek near mouth, and in the Clark
Fork river mainstem near Galen, at Galen Road, at Gemback Road, and at Deer Lodge (Table
2-7).

Copper, Mainstem
600
500
§. 400
% ® Q12013
E mQ3 2013
= 300
3
[
E’_ 200
&
o] PEC
100
TEC
0
2! \en 0ad c Road er\o LU
\ TKF 4 \(a‘_ FO{ a e C\ark Ofk
Qe K 1
o Q\af 2t
Mainstem Monitoring Station
Figure 2-6. Total copper concentrations (wet weight [WW]) in Clark Fork River mainstem

sediment samples, 2013. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) (MacDonald et al. 2000).
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Figure 2-7. Total copper concentrations (wet weight [WW]) in Clark Fork River tributary
sediment samples, 2013. Red lines represent the “threshold effect concentration
(TEC) and the “probable effect concentration” (PEC) (MacDonald et al. 2000).
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Table 2-7. Total copper concentrations (mg/kg wet weight) in instream sediment samples
from the Clark Fork River Operable Unit monitoring stations, 2013. Sample
concentrations are from the fine sediment size fraction (<0.065 mm).

. ) ) Sample concentration (mg/kg-WW)
Site ID Site Location
Q1 | Q3
Mainstem Sites
CFR-03A Clark Fork River near Galen
CFR-07D Clark Fork River at Galen Road
CFR-11F Clark Fork River at Gemback Road
CFR-27H Clark Fork River at Deer Lodge
CFR-116A Clark Fork at Turah 113 92
Tributary Sites
MCWC-MWB Mill-Willow Creek at Frontage Road 73 110
MWB-SBC Mill-Willow Bypass near mouth 43 58
SS-25 Silver Bow Creek at Warm Springs 62 99
WSC-SBC Warm Springs Creek near mouth 46 ;
LC-7.5 Lost Creek near mouth 44 131
RTC-1.5 Racetrack Creek near mouth 57 33
LBR-CFR Little Blackfoot River near Garrison 22 10
ND Not detected at analytical reporting limit.

Exceeds threshold effect concentration (MacDonald et al. 2000).

_ Exceeds probable effect concentration (MacDonald et al. 2000).

2.3.34 Lead

The spatial trend for lead concentrations at Clark Fork mainstem monitoring locations in 2013
was similar to that for arsenic and copper. Lead concentrations increased in the Clark Fork
Rive mainstem from near Galen to Galen Road and declined from Deer Lodge to Turah (Figure
2-8). The minimum mainstem lead concentrations were observed at Turah. The maximum lead
concentrations were observed at Galen Road.

Among the tributary sites, Mill-Willow Creek at Frontage Road, Racetrack Creek, Silver Bow
Creek at Warm Springs, Warm Springs Creek near mouth, Lost Creek, and Mill-Willow Bypass
had elevated lead concentrations(Figure 2-9). The Little Blackfoot River near mouth had the
lowest lead concentrations of all CFROU monitoring sites in 2013.

Sediment lead concentrations at mainstem Clark Fork River monitoring stations near Galen, at
Deer Lodge and at Turah, and at common tributary sites were generally lower in 2013
compared to 2012.

Lead concentrations in the exceeded the TEC at 11 of 12 monitoring sites during at least one of
the two monitoring events in 2013 (Table 2-8). Only the Little Blackfoot River had sediment lead
concentrations that were consistently below the TEC. The PEC was not exceeded at any of the
monitoring stations in 2013 or during prior monitoring years extending back to 2010.
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Figure 2-8. Total lead concentrations (wet weight [WW]) in Clark Fork River mainstem

sediment samples, 2013. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) (MacDonald et al. 2000).

November 2014 159



Clark Fork River Operable Unit Monitoring Report for 2013

Lead, Tributaries
140
PEC
120
§. 100
._-E B Q12013
E 8 mQ3 2013
=
S 60
)
5
= 40 TEC
20
0
; 18 A8 \'S wel
Ccree® L eyeeS  qorin®® | creet  ycree®  cree® . otRW
LNINoW oW arm ing> \05 1rac ckfo0
MW e creek At WA am SP R v B2
siver
Tributary Monitoring Station
Figure 2-9. Total lead concentrations (wet weight [WW]) in Clark Fork River tributary sediment

samples, 2013. Red lines represent the “threshold effect concentration” (TEC) and
the “probable effect concentration” (PEC) (MacDonald et al. 2000).
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Table 2-8. Total lead concentrations (mg/kg wet weight) in instream sediment samples from
the Clark Fork River Operable Unit monitoring stations, 2013. Sample
concentrations are from the fine sediment size fraction (<0.065 mm).

. ) ) Sample concentration (mg/kg-WW)
Site ID Site Location
Q1 | Q3
Mainstem Sites
CFR-03A Clark Fork River near Galen 76 73
CFR-07D Clark Fork River at Galen Road 87 101
CFR-11F Clark Fork River at Gemback Road 87 98
CFR-27H Clark Fork River at Deer Lodge 82 74
CFR-116A Clark Fork at Turah 36 28
Tributary Sites
MCWC-MWB Mill-Willow Creek at Frontage Road 73 51
MWB-SBC Mill-Willow Bypass near mouth 43 31
SS-25 Silver Bow Creek at Warm Springs 62 40
WSC-SBC Warm Springs Creek near mouth 46 40
LC-7.5 Lost Creek near mouth 44 30
RTC-1.5 Racetrack Creek near mouth 57 56
LBR-CFR Little Blackfoot River near Garrison 22 19
ND Not detected at analytical reporting limit.

Exceeds threshold effect concentration (MacDonald et al. 2000).

_ Exceeds probable effect concentration (MacDonald et al. 2000).

November 2014 161



Clark Fork River Operable Unit Monitoring Report for 2013

2.3.3.5 Zinc

The spatial trend for sediment zinc concentrations at Clark Fork River mainstem monitoring
sites in 2013 was elevated concentrations at the upper river sites (near Galen, at Galen Road,
at Gemback Road, and at Deer Lodge), and lower concentrations at the downstream Turah site
(Figure 2-10). Zinc concentrations at the upstream most four sites ranged from 322 mg/kg-WW
(Deer Lodge in Q3) to 422 mg/kg-WW (Gemback Road in Q3) (Figure 2-10).

Elevated sediment zinc concentrations were observed among several tributary sites including
Silver Bow Creek at Warm Springs, Mill-Willow Creek at Frontage Road, Mill-Willow Bypass,
Warm Springs Creek, and Lost Creek (Figure 2-11).

Sediment zinc concentrations at sites sampled in 2013 were generally similar to the
concentrations measured in Q3 2012.

Sediment zinc concentrations exceeded the TEC at all five of the mainstem Clark Fork
monitoring stations during 2013 (Table 2-1). One site, the Clark Fork at Gemback Road, also
exceeded the zinc PEC during Q3 2013. Zinc concentrations during both 2013 sampling events
at the Galen Road site (Q1 and Q3), at the near Galen site (Q1), and at Gemback Road (Q1
and Q3) also closely approached the PEC (459 mg/kg-WW).

Sediment zinc concentrations measured at several tributary monitoring sites exceeded the TEC
during one, or both, 2013 monitoring events (Table 2-9). The TEC was exceeded in Mill-Willow
Creek, Mill-Willow Bypass, Silver Bow Creek at Warm Springs, Warm Springs Creek, and Lost
Creek. Only Racetrack Creek and the Little Blackfoot River were consistently below the TEC
threshold value for zinc. None of the tributary monitoring sites exceeded the PEC.
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Figure 2-10.  Total zinc concentrations (wet weight [WW]) in Clark Fork River mainstem
sediment samples, 2013. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) (MacDonald et al. 2000).

November 2014 163



Clark Fork River Operable Unit Monitoring Report for 2013

Zinc, Tributaries

500

450 PEC

400
350 HQ12013

300 0aQ32013

250

200

Zinc, Total {mg/kg-Ww)

150
TEC

100

B I =

0

ass m% eek reek reek el

w\\-\N creek

giwer

Tributary Monitoring Station

Figure 2-11.  Total zinc concentrations (wet weight [WW]) in Clark Fork River tributary sediment
samples, 2013. Red lines represent the “threshold effect concentration” (TEC) and
the “probable effect concentration” (PEC) (MacDonald et al. 2000).
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Table 2-9. Total zinc concentrations (wet weight) in instream sediment samples from the
Clark Fork River Operable Unit monitoring stations, 2013. Sample concentrations
are from the fine sediment size fraction (<0.065 mm).

. ) ) Sample concentration (mg/kg-WW)
Site ID Site Location
Q1 | Q3
Mainstem Sites
CFR-03A Clark Fork River near Galen 433 402
CFR-07D Clark Fork River at Galen Road 448 455
CFR-11F Clark Fork River at Gemback Road 434 | 4
CFR-27H Clark Fork River at Deer Lodge 395 322
CFR-116A Clark Fork at Turah 200 223
Tributary Sites
MCWC-MWB Mill-Willow Creek at Frontage Road 253 160
MWB-SBC Mill-Willow Bypass near mouth 176 175
SS-25 Silver Bow Creek at Warm Springs 337 244
WSC-SBC Warm Springs Creek near mouth 149 121
LC-7.5 Lost Creek near mouth 132 82
RTC-1.5 Racetrack Creek near mouth 75 45
LBR-CFR Little Blackfoot River near Garrison 39 39
ND Not detected at analytical reporting limit.

Exceeds threshold effect concentration (MacDonald et al. 2000).

_ Exceeds probable effect concentration (MacDonald et al. 2000).
2.4 DISCUSSION

2.4.1 Data Validation

All RPDs from field sample and field duplicate pairs in 2013 were within 40% thus satisfying the
project goal for “overall precision”. A complete analysis of data validation procedures and
results is described in Appendix A.

2.4.2 Sample Size Fraction

Variability in sediment metals concentrations at any given monitoring site may be related to the
influence of complex channel morphology and depositional processes which influence the
distribution of the sample across the respective size fractions. Sediment sample fractionation
may vary widely from sample to sample. Large variation in sample faction proportions is most
noticeable from monitoring site to site, but is also true of samples collected from the same site
at different times, and in duplicate samples collected at the same site during the same
monitoring event. This variability has an effect on reported sediment metals concentrations
because COC concentrations are not consistent across sediment size fractions. The smaller
size fractions have larger surface area to volume ratios and larger ion exchange capacity, and
are capable of adsorbing larger concentrations of COC metals. It is not unusual for the smallest
sediment size fraction tested (less than 0.065 mm) to yield metals concentration values that are
an order of magnitude or more higher than the largest (1-2 mm) sediment size fraction. That is
why the smallest sediment size fraction has been targeted for sampling in the CFROU
monitoring program beginning in 2013.
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2.4.3 Contaminants of Concern

The highest sediment metals concentrations tended to be found at the upper river mainstem
monitoring locations: including at Galen Road, at Gemback Road, near Galen, and at Deer
Lodge. The lowest mainstem sediment metals concentrations were observed in the Clark Fork
at Turah. Clark Fork tributaries in the CFROU monitoring network showed highest sediment
metals concentrations in the Mill-Willow Bypass (arsenic), Silver Bow Creek at Warm Springs
(cadmium and zinc), Warm Springs Creek (copper), and Mill-Willow Creeks (lead). Lost Creek
showed elevated concentrations of copper and Racetrack Creek showed elevated
concentrations of lead. The lowest concentrations of sediment metals were found in the Little
Blackfoot River. Overall, sediment metals concentrations at Clark Fork mainstem and tributary
stations that were monitored in 2012 and 2013 were similar in both years, with the exception of
lead which was lower in 2013 compared to 2012.

Concentrations of arsenic, copper, lead and zinc exceeded the TEC and/or PEC at several of
the Clark Fork mainstem and tributary monitoring stations during the Q1 and Q3 2013
monitoring events. Sediment arsenic, copper, and lead concentrations frequently exceeded the
performance goals. All five mainstem Clark Fork stations and six of seven tributary stations (11
of 12 total) exceeded the arsenic TEC. Four of the five mainstem Clark Fork monitoring stations
and three or the seven tributary stations (7 of 12 total) exceeded the copper PEC. Four of the
five mainstem Clark Fork monitoring stations and four of the seven tributary monitoring stations
(8 of 12 total) exceeded arsenic PEC. Sediment zinc concentrations also frequently exceeded
performance goals. All mainstem Clark Fork stations and five tributary stations (10 of 12 total)
exceeded the zinc TEC. The Little Blackfoot River near mouth did not exceed the TEC for any
COCs in 2013.
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3.0 MACROINVERTEBRATES®

3.1 INTRODUCTION

This report describes the analysis of benthic macroinvertebrate samples collected from sites
within the Clark Fork River Operable Unit in September 2013. The work is part of an adaptive,
comprehensive long-term monitoring plan for evaluating the success of restoration and
remediation activities, which are yet to be undertaken at most of these sites. Remediation
activities have commenced on Silver Bow Creek.

The benthic invertebrate fauna was analyzed using a group of indices developed by D. McGuire
(McGuire Consulting) and applied over a long course of sampling in the Clark Fork River dating
to 1986. Information about probable stressors to water quality and habitat integrity, implied by
the taxonomic and functional composition of the benthic fauna, is described in a series of site-
specific narratives.

3.2 METHODS

3.2.1 Sampling

Benthic macroinvertebrates were sampled at four Clark Fork River headwater sites, three sites
on the mainstem Clark Fork River, and three sites on tributaries of the Clark Fork on August 12-
20, 2013. Four macroinvertebrate sample replicates were collected at each site, using a Hess
sampling device. Sites are described in Table 3-1. Samples were collected by RESPEC staff
and delivered to Rhithron Associates for processing and identification.

Table 3-1. Macroinvertebrate sampling sites in the Clark Fork River basin, August 12-20,
2013.

Site ID Site location USGS Gage Latitude Longitude
MCWC-MWB Mill -Willow Creek at Frontage Road NA 46.12649 -112.79876
WSC-SBC Warm Springs Creek near mouth 12323770 46.18041 -112.78592
SS-17 Silver Bow Creek at Opportunity NA 46.05494 -112.79611
SS-25 Silver Bow Creek at Warm Springs 12323750 46.18123 -112.77917
CFR-03A Clark Fork near Galen 12323800 46.20877 -112.76740
CFR-07D Clark Fork at Galen Road 12323800 46.23725 -112.75302
CFR-11F Clark Fork at Gemback Road NA 46.26520 -112.74430
LC-7.5 Lost Creek near mouth 12323850 46.21862 -112.77384
RTC-1.5 Racetrack Creek near mouth NA 46.28395 -112.74921
LBR-CFR Little Blackfoot River near Garrison 12324590 46.51964 -112.79312

3.2.2 Laboratory Analysis

Samples were completely picked of organisms, following procedures consistent with previous
Clark Fork River biomonitoring projects (McGuire 2010; Rhithron 2011). Similar to the most
recent study (Rhithron 2012), densities of abundant taxa were not estimated, but actual counts
were obtained for all organisms. Caton trays (Caton 1991) were used to distribute the samples
for sorting. Each individual sample was thoroughly mixed in its jar(s), poured out and evenly

8 Chapter 3 was completed by Rhithron Associates with formatting and minor editing by RESPEC.
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spread into the Caton tray. Grids were systematically selected, and grid contents were
examined under stereoscopic microscopes using 10x-30x magnification. All invertebrates were
sorted from the substrate and placed in 95% ethanol for subsequent identification.

Organisms were individually examined by certified taxonomists, using 10x—80x stereoscopic
dissecting scopes (Leica S8E) and identified to the lowest practical level consistent with
previous Clark Fork River biomonitoring projects (McGuire 2010), using appropriate published
taxonomic references and keys.

Identification, counts, life stages, and information about the condition of specimens were
recorded. Organisms that could not be identified to the taxonomic targets because of
immaturity, poor condition, or lack of complete current regionally-applicable published keys were
left at appropriate taxonomic levels that were coarser than target levels. To obtain accuracy in
richness measures, these organisms were designated as “not unique” if other specimens from
the same group could be taken to target levels. Organisms designated as “unique” were those
that could be definitively distinguished from other organisms in the sample. Identified organisms
were preserved in 95% ethanol in labeled vials, and archived at the Rhithron laboratory.

Midges and worms were morphotyped using 10x—80x stereoscopic dissecting microscopes
(Leica S8E) and representative specimens were slide mounted and examined at 200x—1000x
magnification using an Olympus BX 51 compound microscope equipped with Hoffman Contrast.
Slide mounted organisms were archived at the Rhithron laboratory.

3.2.3 Quality Assurance Systems

Quality control procedures for macroinvertebrate sample processing involved checking sorting
efficiency on four randomly selected samples (10% of samples). These checks were conducted
by independent observers who microscopically re-examined 100% of sorted substrate from
each sample. Sorting efficiency was evaluated by applying the following calculation:

SE=_ "M 100
n1+n2

where: SE is the sorting efficiency (%), n; is the total number of specimens in the first sort, and
n, is the total number of specimens in the second sort.

Quality control procedures for taxonomic determinations of invertebrates involved checking
accuracy, precision and enumeration. Four samples (10% of all samples) were randomly
selected and all organisms re-identified and counted by an independent taxonomist. Taxa lists
and enumerations were compared by calculating a Bray-Curtis similarity statistic (Bray and
Curtis 1957) for each selected sample. The percent taxonomic disagreement (PTD) and percent
difference in enumeration (PDE) were also calculated (Stribling et al. 2003).

Quality control and quality assurance results are reported in Appendix F.

3.2.4 Data Analysis

Taxa lists and counts for each sample were constructed. Standard metric calculations were
made using customized database software. McGuire’s indices are “.....specifically designed to
evaluate water quality in the Clark Fork River Basin” (McGuire 2010) and are composed of 11
metrics. Two subsets of three metrics each are scored and summed separately to obtain values
for organic/nutrient impairment and for metals impairment. Individual metrics and the expected
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response of each to environmental stress are described in the interim monitoring plan document
(PBSJ 2010).

3.2.5 Ecological Interpretations: Approach

Narrative interpretations of the taxonomic and functional composition of invertebrate
assemblages are based on demonstrated associations between assemblage components and
habitat and water quality variables gleaned from the published literature, the writer's own
research (especially Bollman 1998) and professional judgment, and those of other expert
sources (especially Wisseman 1996). These interpretations are not intended to replace
canonical procedures for stressor identification, since such procedures require substantial
surveys of habitat, and historical and current data related to water quality, land use, point and
non-point source influences, soils, hydrology, geology, and other resources that were not readily
available for this study. Instead, attributes of invertebrate taxa that are well-substantiated in
diverse literature, published and unpublished research, and that are generally accepted by
regional aquatic ecologists, are combined into descriptions of probable water quality and
instream and reach-scale habitat conditions. Replicate samples were electronically combined
into composited samples for this analysis.

The approach to this analysis uses some assemblage attributes that are interpreted as evidence
of water quality and other attributes that are interpreted as evidence of habitat integrity. To
arrive at impairment classifications, attributes are considered individually, so information is
maximized by not relying on a single cumulative score, which may mask stress on the biota.
Such an approach also minimizes the possibility of using inappropriate assessment strategies
when the biota at a site is atypical of “characteristic” sites in a region.

Water quality variables are estimated by examining mayfly taxa richness and the Hilsenhoff
Biotic Index (HBI) value. Other indications of water quality include the richness and abundance
of hemoglobin-bearing taxa and the richness of sensitive taxa. Mayfly taxa richness has been
demonstrated to be significantly correlated with chemical measures of dissolved oxygen, pH,
and conductivity (e.g., Fore et al. 1996; Wisseman 1996; Bolliman 1998). The HBI (Hilsenhoff
1987) has a long history of use and validation (Cairns and Pratt 1993). In Montana foothills, the
HBI was demonstrated to be significantly associated with conductivity, pH, water temperature,
sediment deposition, and the presence of filamentous algae (Bollman 1998). The presence of
filamentous algae is also suspected when macroinvertebrates associated or dependent on it
(e.g., LeSage and Harrison 1980; Anderson 1976) are abundant. Nutrient enrichment in
Montana streams often results in large crops of flamentous algae (Watson 1988). Sensitive
taxa exhibit intolerance to a wide range of stressors (e.g., Hellawell 1986; Friedrich 1990;
Wisseman 1996; Barbour et al. 1999), including nutrient enrichment, acidification, thermal
stress, sediment deposition, habitat disruption, and others. These taxa are expected to be
present in predictable numbers in functioning montane and foothills streams (e.g., Bollman
1998). Although the abundance of invertebrates in Hess samples can be highly variable,
reflecting the patchy and dynamic areal distribution of the benthos in stony-bottomed streams,
McGuire’s thresholds for environmental perturbation (McGuire 2010) are cited as evidence of
enrichment or impairment.

Thermal characteristics of the sampled site are predicted by the richness and abundance of cold
stenotherm taxa (Clark 1997), and by calculation of the temperature preference of the
macroinvertebrate assemblage (Brandt 2001). Hemoglobin-bearing taxa are also indicators of
warm water temperatures (Walshe 1947), since dissolved oxygen is directly associated with
water temperature; oxygen concentrations can also vary with the degree of nutrient enrichment.
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Increased temperatures and high nutrient concentrations can, alone or in concert, create
conditions favorable to hypoxic sediments, habitats preferred by hemoglobin-bearers.

Metals sensitivity for some groups, especially the heptageniid mayflies, is well-known (e.g.,
Kiffney and Clements 1994; Clements 1999; Clements 2004). In the present approach, the
absence of these groups in environs where they are typically expected to occur is considered a
signal of possible metals contamination, but only when combined with a measure of overall
assemblage tolerance of metals. The Metals Tolerance Index (Bukantis 1998) ranks taxa
according to their sensitivity to metals. Weighting taxa by their abundance in a sample,
assemblage tolerance is estimated by averaging the tolerance of all sampled individuals.

The condition of instream and streamside habitats is also estimated by characteristics of the
macroinvertebrate assemblages. Stress from sediment is evaluated by caddisfly richness and
by “clinger” richness (Kleindl 1995; Bolliman 1998; Karr and Chu 1999). A newer tool, the Fine
Sediment Biotic Index (FSBI; Relyea et al. 2011) shows promise when applied to the montane
and foothills regions. This index and its interpretation are modified in this report, based on the
author’s professional judgment, to more effectively characterize the Clark Fork River and
tributaries in the sampled reaches.

The functional characteristics of macroinvertebrate assemblages are based on the morphology
and behaviors associated with feeding, and are interpreted in terms of the River Continuum
Concept (Vannote et al. 1980) in the narratives. Alterations from predicted patterns in montane
and foothills streams may be interpreted as evidence of water quality or habitat disruption. For
example, shredders and the microbes they depend on are sensitive to modifications of the
riparian zone (Plafkin et al. 1989).

3.3 RESULTS

3.3.1 Bioassessment

Mean bioassessment scores over all replicates and their associated impairment classifications,
are given in Table 3-2. Raw scores for each macroinvertebrate replicate sample are given in
Appendix G.
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Table 3-2. Mean macroinvertebrate bioassessment scores and impairment classifications:
McGuire’s indices for general biointegrity, nutrient/organic impairment, and metals
impairment. Scores are mean values over four replicate samples, and are
expressed as the percent of maximum score. Clark Fork River basin, August 12-20,
2013.

. McGuire
McGuire biointegrity McGL.u.re metals- organic/nutrient-
; . sensitive subset L
Site ID Site location metrics (McGuire 2010) (McGuire 2010) sensitive subset
(McGuire 2010)
score impairment score impairment score impairment
class class class
Mill -Willow
MCWC- Creek at 921 None 90.3 None 93.1 None
MWB
Frontage Road
Warm Springs
WSC-SBC Creek near 84.5 Slight 76.4 Slight 97.2 None
mouth
Silver Bow
SS-17 Creek at 63.6 Slight 70.8 Slight 61.1 Slight
Opportunity
Silver Bow
SS-25 Creek at Warm 80.3 Slight 76.4 Slight 80.6 None
Springs
Clark Fork near
CFR-03A Galen at 78.8 Slight 83.3 None 86.1 None
Perkins Lane
CFR-07D Clark Fork at 83.0 Slight 80.6 None 91.7 None
Galen Road
Clark Fork at
CFR-11F Gemback 91.7 None 91.7 None 95.8 None
Road
LC-7.5 Lost Creekat | gg Slight 86.1 None 93.1 None
Frontage Road
Racetrack
RTC-1.5 Creek at 75.0 Slight 59.7 Slight 97.2 None
Frontage Road
Little Blackfoot
LBR-CFR | River near 86.7 Slight 88.9 None 81.9 None
mouth near
Garrison
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3.3.1.1 Overall Biointegrity Index

Mean scores for McGuire’s overall biointegrity index (Table 3-2) indicate unimpaired biological
integrity at the headwaters site on Mill-Willow Creek (MCWC-MWB) and at the Clark Fork River
site at Gemback Road (CFR-11F). All other studied sites are classified as slightly impaired
using this index. There was little variation in overall biological integrity scores among sample
replicates. The mean coefficient of variation (CV) among replicates for this index (scores as
percent of maximum score) was 4.10%. Mean, maximum and minimum scores, with 95%
confidence intervals are graphed in Figure 3-1.
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Figure 3-1. Variability among replicates: mean scores, maximum and minimum scores, and

95% confidence intervals for McGuire’s overall biointegrity index. Clark Fork River
basin, August 12-20, 2013.
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3.3.1.2 Metals Subset

Mean scores for McGuire’s metals index (Table 3-2) indicate unimpaired conditions at all but
four sites: metals impairment was indicated at three headwaters sites and one tributary site.
Impaired sites included Silver Bow Creek at Opportunity (SS-17), Warm Springs Creek near
mouth (WSC-SBC), Silver Bow Creek at Warm Springs (SS-25), and Racetrack Creek near
mouth (RTC-1.5). Scores at these sites indicated slight impairment due to metals. The mean CV
among replicates for the metals subset index score (scores as percent of maximum score) was
8.33%, suggesting greater variability in these scores compared to the overall biointegrity scores.
Mean, maximum and minimum scores, with 95% confidence intervals are graphed in Figure 3-2.
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Figure 3-2. Variability among replicates: mean scores, maximum and minimum scores, and

95% confidence intervals for McGuire’s metals pollution metric subset. Clark Fork
River basin, August 12-20, 2013.
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3.3.1.3 Organic/Nutrient Subset

Mean scores for McGuire’s organic/nutrient index (Table 3-2) indicate unimpaired conditions at
all sites except Silver Bow Creek at Opportunity (SS-17), where slight impairment due to
organics/nutrients was indicated. The mean CV among replicates for the organic/nutrient subset
index score (scores as percent of maximum score) was 4.89%, indicating little variation in these
scores. Mean, maximum and minimum scores, with 95% confidence intervals are graphed in
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Figure 3-3. Variability among replicates: mean scores, maximum and minimum scores, and

95% confidence intervals for McGuire’s organic/nutrient pollution metric subset.
Clark Fork River basin, August 12-20, 2013.
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3.3.2 Ecological Interpretation of Aquatic Invertebrate Assemblages

3.3.2.1 MCWC-MWB: Mill-Willow Creek

Mayfly taxa richness (8) was high at this site, but the HBI value (4.41) was somewhat elevated,
compared to expectations for a low-order valley stream, indicating a moderately tolerant
invertebrate assemblage. Large numbers of the gregarious Optioservus sp. were collected, and
Cricotopus (Nostococladius) sp. was also very abundant. The later taxon, a chironomid
associated with the blue-green alga Nostoc sp., is assigned a tolerance value of six, which
seems higher than the actual tolerance the species exhibits. And dominance by a gregarious
taxon may result in a skewed HBI value. Thus, the high HBI value may not be a wholly accurate
representation of the sensitivity of the sampled assemblage. Notably, the MTI value (4.45)
exceeded the HBI value, suggesting metals contamination. Heptageniid mayflies (Ecdyonurus
criddlei) were present but not common, but the metals-sensitive caddisfly Lepidostoma sp.
accounted for 3.23% of sampled animals and was among the ten dominant taxa in composited
samples collected here. It seems likely that metals contamination was not a major influence on
the composition of the benthic fauna. There is some indication that filame