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1.0 SURFACE WATER 

1.1 INTRODUCTION 
This chapter of the Streamside Tailings Operable Unit (SSTOU) annual monitoring report  describes 

results of surface water monitoring activities conducted  in 2024. Annual surface water monitoring is 

conducted to assess the effectiveness of remedial actions implemented within the SSTOU of the Silver 

Bow Creek/Butte Area National Priorities List site ( Figure 1-1). Data were collected to describe the 

effects of remedial actions on surface water quality and to gage progress toward attainment of 

performance goals.   

1.2 PERFORMANCE GOALS 

The SSTOU Record of Decision (ROD) specified that the final remediation goal for contaminant of 

concern (COC) concentrations in surface waters was to ®meet the more restrictive of aquatic life or 

human health standards for surface water identified in DEQ Circular WQB -7, through applica tion of I -

classification requirements¯ [DEQ and EPA, 1995]. Since the issuance of the ROD, Circular WQB-7 

[MDHES, 1994] has been replaced by Circular DEQ-7 [DEQ, 2019a], and standards for some COCs have 

been revised. The Compr ehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

and the National Contingency Plan (NCP) provide for use of the new, more stringent standards where 

compliance with the new standard is necessary to ensure protectiveness of human hea lth and the 

environment. Although there has not yet been a formal decision to adopt the new, more stringent 

standards for the SSTOU, this report uses the more stringent of either the ROD­s Circular WQB-7 

[MDHES, 1994] or the current Circular DEQ-7 [DEQ, 2019a] standards for evaluating compliance for the 

COCs.  

The most restrictive surface water standard for each COC (arsenic, cadmium, copper, lead, mercury, and 

zinc) is either the chronic aquatic life standard (ALS) or the human health surface water standard 

(HHSWS) from either Circular WQB-7 [MDHES, 1994] or Circular DEQ-7 [DEQ, 2019a]. In both versions, 

the chronic ALS are hardness -based for cadmium , copper, lead, and zinc. Thus, the chronic ALS vary in 

relation to water hardness for those metals, in all cases it becomes  less restrictive as water hardness 

increases. The most restrictive surface water standard for each COC is depicted Table 1-1. This report 

uses the current Circular DEQ-7 [DEQ, 2019a] standards as reference values for metals which are not 

COCs ( 

Table 1-2). 

The most current DEQ Circular -7 surface water standards for each metal are identified in  Table 1-1. 

Additionally, the SSTOU ROD specifies that the remedial action objective should ®support the growth 

and propagation of fishes and associated aquatic life¤including a self-sustaining population of trout 

species¯ provided that upstream contaminant sources are eliminated.  

Silver Bow Creek is classified as an ®I¯ stream under the MCA 75-5-301 and associated administrative 

rules. Designated beneficial uses for I -class streams are ®drinking, culinary, and food processing 

purposes after conventional treatment; bathing, swimming , and recreation; growth and propagation of 

fishes and associated aquatic life, waterfowl, and furbearers; and agricultural and industrial water 

supply¯. I-classified streams include the following criteria for physical properties of water:  
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/ Dissolved oxygen concentration must not be reduced below the applicable standards given in 

Circular DEQ-7 (i.e., 1-day minimum = 3 mg/L) [DEQ and EPA, 1995; DEQ, 2019a]. 

/ Hydrogen ion concentration (pH) must be maintained within the range of 6.5 to 9.5.  

/ Except as permitted in MCA 75 -5-318, no increase in naturally occurring turbidity is allowed 

which will or is likely to create a nuisance or render the waters harmful, detrimental, or injurious 

to public health, recreation, safety, welfare, livestock, wild  animals, birds, fish, or other wildlife.  

/ No increase in naturally occurring temperature is allowed which will or is likely to create a 

nuisance or render the waters harmful, detrimental, or injurious to public health, recreation, 

safety, welfare, livestock, wild animals, birds, fish, or other wil dlife. 

/ No increases are allowed above naturally occurring concentrations of sediment or suspended 

sediment (except as permitted in MCA 75 -5-318), and settleable solids, oils, or floating solids, 

which will or are likely to create a nuisance or render the waters h armful, detrimental, or injurious 

to public health, recreation, safety, welfare, livestock, wild animals, birds, fish, or other wildlife.  

The SSTOU ROD did not specify nutrient (i.e., nitrogen and phosphorus) standards for surface waters in 

the SSTOU and the state­s prior numeric nutrient standards [DEQ, 2014] were rescinded in 2021. 

Therefore, there were no applicable numeric nutrient stand ards for Silver Bow Creek or the SSTOU in 

2024. This report uses numeric standards specific to the upper Clark Fork River (from the Warm Springs 

Creek confluence to the Blackfoot River confluence), specified in ARM 17.30.631, as benchmarks for 

evaluation o f nutrient levels in the SSTOU. These standards, applicable only during the summer (June 21 

to  September 21), are as follows:  

/ Total phosphorus = 0.02 mg/L,  

/ Total nitrogen = 0.3 mg/L.  

Additionally , Circular DEQ-7 [DEQ, 2019a] specifies the following ALS for total ammonia which are 

applicable year -round 1:  

/ Total ammonia acute ALS = 13.3 mg/L,  

/ Total ammonia chronic ALS = 3.97 mg/L.  

In addition to the primary COCs, non -COCs and nutrients, measured surface water parameters included 

common cations and anions, total suspended sediment and field parameters including streamflow, 

water temperature, pH, conductivity, and turbidity. These add itional data support the interpretation of 

water quality monitoring results and are needed to assess impairments to beneficial uses.  

The goal for non -COC metal concentrations  in surface water, as articulated in the SSTOU interim 

monitoring plan, i s for analytes to be at, or near, background for three consecutive years [PBS&J, 2010]. 

Sampling at background sites in the SSTOU was conducted from 2010 through 2019 and discontinued  

in 2020.  

 

1 The total ammonia acute ALS  is inversely related to pH and water temperature (i.e., as pH and temperature 

increases the acute ALS decreases) and is also dependent on whether or not early life stage salmonids are 

present . The given standard assumes pH of 7.5 , temperature of 16 C,  and early life stage salmonids are present. 

Typically, pH in the SSTOU is at least 7.5 and salmonids are known to be present in the SSTOU. The chronic ALS 

for ammonia is not i nfluenced by the presence or absence of early life stage salmonids . 
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Figure 1-1. Remedial subareas of the Streamside Tailings Operable Unit. 

  



 

  

4 

 

 2 

 

Table 1-1. Comparison of the Montana surface water standards in July 1994 (effective at the time of issuance of the Streamside 

Tailings Operable Unit Record of Decision) and June 2019 for each contaminant of concern. 

Contaminant of 

concern2 

Chronic aquatic life standard (mg/L) Human health surface water standard (mg/L) 

MDHES [1994] DEQ [2019a] MDHES [1994] DEQ [2019a] 

Arsenic 0.190 0.150 0.018 0.010 

Cadmium 0.00113 0.00079 0.00500 0.00500 

Copper 0.012 0.009 1.000 1.300 

Lead3 0.0032 0.0032 0.0150 0.0150 

Mercury 0.000012 0.000910 0.000140 0.000050 

Zinc 0.10599 0.11982 5.00000 2.00000 

 Most restrictive standard 

 

Table 1-2. Montana surface water standards for metals that are not contaminants of concern in the Streamside Tailings Operable 

Unit [DEQ, 2019a]. 

Metal4,5 
Aquatic life standard (mg/L) Human health surface 

water standard (mg/L) Acute Chronic 

Aluminum 0.750 0.087 - 

Antimony - - 0.0056 

Barium - - 1 

Beryllium - - 0.004 

Boron - - - 

Chromium 1.803 0.086 0.1 

Cobalt - - - 

Iron - 1.00 - 

Manganese - - - 

Molybdenum - - - 

Nickel 0.469 0.052 0.100 

Selenium 0.020 0.005 0.050 

Silver 0.0041 - 0.1000 

 

2 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  as CaCO3. 

3 The chronic aquatic life standard is most restrictive for lead until hardness exceeds 338 mg/L as CaCO 3. At 

hardness more than 338 mg/L as CaCO 3, the human health surface water standard becomes more restrictive. 

Lead standards were the same in MDHES [1994] and DEQ [2019a]. 

 

 

4 The aquatic life standards for chromium, nickel and  silver vary in relation to water hardness. The values displayed in 

this table correspond to a water hardness of 100 mg/L  as CaCO3. 

5 The aquatic life standards in this table are based on total recoverable concentrations for all metals in this table 

except aluminum which is based on dissolved concentrations.  
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Metal4,5 
Aquatic life standard (mg/L) Human health surface 

water standard (mg/L) Acute Chronic 

Uranium - - 0.03 

Vanadium - - - 

 Most restrictive standard. 

1.3 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 SSTOU. These data provide a long -term record of environmental conditions in the SSTOU . As of 

2024 , 25 years of SSTOU surface water data (2000 -2024 ) have been collected under this monitoring 

program . This long-term record provides a dataset to evaluate the effect of remediation on 

environmental conditio ns in the SSTOU over time.  

An overview of surface water monitoring methods is provided here, and more detail can be found in the 

project quality assurance project plan (QAPP) [RESPEC, 2024a]. Changes to the surface water 

monitoring program have occurred over time and a record of these changes is provided in the QAPP. 

The program attempts to adhere to monitoring requirements specified in the SSTOU ROD  (Table 1-3). To 

comply with these requirements,  surface water sampling sites were added to the monitoring network in 

2013  (Sites SS-13 and SS-16B) and 2014 (Site SS-19) (Figure 1-2; Table 1-4). All the sites that are 

required by the SSTOU ROD (Table 1-3) have been included in the surface water monitoring program 

since 2014.   

Table 1-3. Minimum post-remedy monitoring requirements for surface water monitoring as Specified in the Record of Decision for 

the Streamside Tailings Operable Unit [DEQ and EPA, 1995]. 

Locations Analytical Parameters Analytes 

SS-07, SS-10, SS-13, SS-

14, SS-15, SS-16, SS-17, 

SS-19 

Metals (total recoverable and 

dissolved) 
Arsenic, cadmium, copper, lead, mercury, zinc 

Common ions Calcium, magnesium, sodium, potassium, chloride, sulfate 

Nutrients Nitrate plus nitrite nitrogen, phosphorus 

Physical properties 
Temperature, acidity (pH), oxidation-reduction potential (Eh), 

conductance, dissolved oxygen concentration 

1.3.1 MONITORING LOCATIONS 
Surface water  samples were collected at eight long -term monitoring sites ( Figure 1-2; Table 1-4). 

Monitoring at these eight sites satisfied  the minimum post -remedy monitoring requirements stipulated 

by the SSTOU ROD (Table 1-3).  

During the active remediation portion of the SSTOU cleanup, additional monitoring sites were  added to 

the long -term monitoring network to provide more detailed data to evaluate possible contaminant 

sources. However, as of 2024 , major remedial actions in the SSTOU are complete. Therefore, the 

monitoring network has been reduced since 2019 to refocus the program on evaluation of long -term 

trends within the SSTOU while also meeting all ROD-specified monitoring requirements.  
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Figure 1-2. Surface water and sediment sampling locations in Streamside Tailings Operable Unit. 
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Table 1-4. Surface water sampling locations in the Streamside Tailings Operable Unit. 

Site ID Site Location 
Location (GPS coordinates, NAD 83) 

Latitude Longitude 

SS-076 Silver Bow Creek below Butte WWTP 45.99679 -112.56470 

SS-10A Silver Bow Creek above Sand Creek 46.00375 -112.66084 

SS-13 Silver Bow Creek in Reach L 46.00647 -112.71394 

SS-14 Silver Bow Creek at Miles Crossing 46.01142 -112.72270 

SS-15A-27 Silver Bow Creek above German Gulch (Alternate Site) 46.02170 -112.78969 

SS-16B Silver Bow Creek in Reach P near Fairmont 46.05494 -112.79611 

SS-17D8 Silver Bow Creek below Stewart Street at Opportunity 46.10787 -112.80553 

SS-19 Silver Bow Creek at Frontage Road 46.12247 -112.80077 

1.3.2 MONITORING SCHEDULE 
Monitoring events were scheduled quarterly to describe seasonal variation in surface water chemistry  

within the SSTOU. One monitoring event occurred during each calendar quarter . Quarterly monitorin g 

events occurred near the end of each quarter. First quarter (Q1) monitoring occurred on March 20, 2024 , 

prior to spring snowmelt runoff. Second quarter (Q2) monitoring occurred on May 30, 2024 , near the 

peak of the spring snowmelt runoff period. Third quarter (Q3) monitoring occurred on September 13, 

2024 , during low streamflow conditions. Fourth quarter (Q4) monitoring occurred on November 26 , 

2024 , during  late fall. 

1.3.3 MONITORING PARAMETERS 
Streamflows at each surface water sampling  site were either measured (six sites) or determined from 

co-located USGS streamflow gages (two sites) at the time sampling occurred. All USGS streamflow data 

included in this report may be ®provisional¯ because at the time this report was completed, ®approved¯ 

USGS data may not have been available. At sites without co -located USGS gage stations , streamflows 

were measured manually. Laboratory analysis of analyte concentrations was complet ed by Energy 

Laboratories (H elena, Montana). 

Water samples  were analyzed for metal concentrations, nutrient concentrations, and other chemical and 

physical properties (Table 1-5).  

  

 

6 Co-located with USGS Gage 12323250.  

7 Site SS-15A (located at latitude 46.02170  and longitude -112.78969 ) was replaced by Site SS-15A-2 in 2017. 

Scatterplots presenting long -term results for Site SS -15A-2 include results from Site SS -15A in 2016 and prior 

years.  

8 Co-located with USGS Gage 12323600.  



 

  

8 

 

 2 

 

Table 1-5. Sampling parameters and analytes for surface water monitoring of the Streamside Tailings Operable Unit. 

Parameter Analytes 

Concentrations of metal contaminants of concern 

(total recoverable and dissolved) 
Arsenic, cadmium, copper, lead, mercury, zinc 

Concentrations of other metals (total recoverable 

and dissolved) 

Aluminum, antimony, barium, beryllium, boron, cobalt, chromium, iron, 

manganese, molybdenum, nickel, selenium, silver, uranium, vanadium 

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

Common ion concentrations  
Sulfate, total alkalinity, bicarbonate alkalinity, calcium, magnesium, sodium, 

potassium, chloride, and sulfate 

Other physical properties 
Total suspended sediment concentration, water hardness, water temperature, pH, 

specific conductivity, dissolved oxygen (DO), turbidity 

1.3.4 SAMPLE COLLECTION AND ANALYSIS 
Sample collection, analysis, and quality assurance procedures are described in the program  Quality 

Assurance Project Plan  (RESPEC, 2024). Methods generally followed standard operating procedures 

(SOPs) developed for the Clark Fork River [AR, 1992]. Field sampling procedures were in accordance 

with DEQ [2019b] and followed ®clean hands/dirty hands¯ procedures as described in USGS [2006].9 

Composited surface water samples were collected using width - and depth -integration according to 

methods described in USGS  [2006].  Field parameters (water temperature, pH, dissolved oxygen 

concentration, and conductivity) were measured during each monitoring event with a field multimeter 

(YSI Professional Plus or YSI 556). Turbidity was measured with a field turbidity meter (Hach Mod el 

2100P Portable Turbidimeter). Streamflows were measured using a portable electromagnetic 

streamflow meter (Marsh -McBirney Flo-Mate 2000) or an acoustic doppler current profiler (Teledyne 

StreamPro ADCP). Calibration methods for  field meters, dat a recording and handling methods, and 

quality assurance and quality control procedures are described in the project QAPP. Samples were 

analyzed by Energy Laboratories (Helena, Montana). Laboratory analysis procedures for each analyte are 

presented in Table 1-6. 

  

 

9 We deviated from the USGS [2006] protocols to minimize sample contamination [described in Section 4.0.2 of 

USGS, 2006] in two regards. First, we did not collect samples sequentially in the order of least to greatest potential 

for contamination. Second, samples were processed o utside sampling vehicles, rather than within an enclosed 

space. Also note that we did not follow all ®clean hands/dirty hands¯ protocols of Method 1669 [EPA, 1996] or the 

low-level (i.e., part-per-trillion) protocols of the USGS [Lewis and Brigham, 2004 ]. 
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Table 1-6. Analytes, analytical methods, and reporting limits for surface water samples in the Streamside Tailings Operable Unit. 

Analyte 
Requested 

Method 

Requested 

Reporting 

Limit (mg/L)10 

Holding 

Time 

(days) 

Bottle Preservative 

Water Samples - Physical Properties and Inorganics 

Solids, Total Suspended (at 105 C) A 2540 D 1 7 1 L HDPE 

4 ± 2 C 

Alkalinity, Total (as CaCO3) A 2320 B 4 14 

500 mL 

HDPE 

Alkalinity, Bicarbonate (as HCO3) A 2320 B 4 14 

Chloride EPA 300.0 1 28 

Sulfate EPA 300.0 1 28 

Hardness (as CaCO3) A 2340 B 1 180 

Water Samples Ø Nutrients 

Nitrogen, Ammonia (as N) EPA 350.1 0.05 
28 

250 mL 

HDPE 

H2SO4 to pH <2, 

4 ± 2 C 

Nitrogen, Nitrate-Nitrite (as N) EPA 353.2 0.02 

Nitrogen, Total A 4500 N-C 0.05 30 

Phosphorus, Total EPA 365.1 0.003 28 

Water Samples - Dissolved Metals (0.45 µm filtered) 

Aluminum EPA 200.8 0.009 

180 
250 mL 

HDPE 
HNO3 to pH <2 

Antimony EPA 200.8 0.0005 

Arsenic EPA 200.8 0.001 

Barium EPA 200.8 0.003 

Beryllium EPA 200.8 0.0008 

Boron EPA 200.7 0.1 

Cadmium EPA 200.8 0.00003 

Calcium EPA 200.7 1 

Chromium EPA 200.8 0.01 

Cobalt EPA 200.8 0.01 

Copper EPA 200.8 0.001 

Iron EPA 200.8 0.02 

Lead EPA 200.8 0.0003 

Magnesium EPA 200.7 1 

Manganese EPA 200.8 0.001 

Molybdenum EPA 200.8 0.005 

Nickel EPA 200.8 0.002 

Potassium EPA 200.7 1 

Selenium EPA 200.8 0.001 

 

10 Requested reporting limits are either those required by DEQ [2019 a] or the lowest reporting limit previously 

provided by the analytical laboratory, whichever is lower.  
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Analyte 
Requested 

Method 

Requested 

Reporting 

Limit (mg/L)10 

Holding 

Time 

(days) 

Bottle Preservative 

Silver EPA 200.8 0.0002 

Sodium EPA 200.7 1 

Uranium EPA 200.8 0.0002 

Vanadium EPA 200.8 0.1 

Zinc EPA 200.8 0.008 

Mercury EPA 245.1 0.000005 28 

Water Samples - Total Recoverable Metals 

Total Recoverable Metals Digestion EPA 200.2 - - - - 

Aluminum EPA 200.8 0.009 

180 250 mL 

HDPE 
HNO3 to pH <2 

Antimony EPA 200.8 0.0005 

Arsenic EPA 200.8 0.001 

Barium EPA 200.8 0.003 

Beryllium EPA 200.8 0.0008 

Boron EPA 200.7 0.1 

Cadmium EPA 200.8 0.00003 

Calcium EPA 200.7 1 

Chromium EPA 200.8 0.01 

Cobalt EPA 200.8 0.01 

Copper EPA 200.8 0.001 

Iron EPA 200.8 0.02 

Lead EPA 200.8 0.0003 

Magnesium EPA 200.7 1 

Manganese EPA 200.8 0.001 

Molybdenum EPA 200.8 0.005 

Nickel EPA 200.8 0.002 

Potassium EPA 200.7 1 

Selenium EPA 200.8 0.001 

Silver EPA 200.8 0.0002 

Sodium EPA 200.7 1 

Uranium EPA 200.8 0.0002 

Vanadium EPA 200.8 0.1 

Zinc EPA 200.8 0.008 

Mercury EPA 245.1 0.000005 28 
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1.3.5 DATA ANALYSIS 
This report  includes results of 2024 and prior years extending back to 2010. Results for selected 

constituents of interest are presented and analyzed in this chapter. Results for constituents not 

presented and discussed (e.g., metals which were not contaminants of concern) are provided in 

Appendix B and Appendix C. Analysis techniques varied by constituent. All statistical analyses were 

performed with R (version 4.3.1) statistical software.  

 STREAMFLOW 

Streamflow results for each site are tabulated. Hydrographs for the 2024 calendar year for the two sites 

with co -located USGS gages are presented along with median streamflows for each site.  

 FIELD PARAMETERS, HARDNESS, AND TOTAL SUSPENDED SEDIMENT 

Field parameter, hardness and total suspended sediment results are tabulated,  and exceedances of 

relevant regulatory limits are highlighted. Long -term trends in conductivity and hardness are presented 

in scatterplots for each site and LOESS (locally estimated scatterplot smooth) curves were fitted to each 

plot to informally examine potential trends  [Cleveland et al., 1992].  

 CONTAMINANTS OF CONCERN AND NUTRIENTS 

Concentrations (total recoverable) for each contaminant of concern and for each regulated nutrient 

(ammonia, total nitrogen , and total phosphorus) are tabulated and exceedances of performance goals or 

regulatory standards are highlighted. Long-term trends for each of those parameters were also 

presented in scatterplots for each site and LOESS curves were fitted to each plot to informally examine 

potential trends.   

1.3.6 QUALITY CONTROL, QUALITY ASSURANCE, AND DATA VALIDATION 
Data quality objectives (DQOs) were established in the SSTOU monitoring QAPP for  data 

®representativeness¯, ®comparability¯, ®completeness¯, ®sensitivity¯, ®precision¯, ®bias¯, and ®accuracy¯ 

[RESPEC, 2024a]. Assessment of each DQO for surface water data collected in 2024 is provided in 

Appendix A. Data validation assessments for the data collected in 2024 is provided in Appendix G. 
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1.4 RESULTS 
The following sections summarize surface water results of interest for monitoring in the SSTOU in 2024 . 

Not all constituent results are described in these sections. For the comprehensive set of surface water 

data from all 2024  monitoring, including results for all s ampling parameters and analytes listed in  Table 

1-5, please refer to Appendix  C.  

1.4.1 STREAMFLOW  
Streamflows measured at the time each sample was collected for the SSTOU in 2024  are tabulated in 

Table 1-7. Annual hydrographs for Silver Bow Creek near the upstream (at Butte) and downstream (at 

Opportunity) ends of the SSTOU are presented in Figure 1-3 and Figure 1-4. The highest streamflows 

measured in 2024 occurred at about the time sampling occurred during Q1.  

Table 1-7. Streamflows at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-0711 Silver Bow Creek below Butte WWTP 49 33 20 9 

SS-10A Silver Bow Creek above Sand Creek 64 35 19 20 

SS-13 Silver Bow Creek in Reach L 102 42 24 26 

SS-14 Silver Bow Creek at Miles Crossing 106 38 23 25 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 117 43 - 28 

SS-16B Silver Bow Creek in Reach P near Fairmont 142 63 35 36 

SS-17D12 Silver Bow Creek below Stewart Street at Opportunity 133 73 20 16 

SS-19 Silver Bow Creek at Frontage Road 163 70 27 22 

- No measurement. 

 

11 Data from USGS [2025a].  

12 Data from USGS [2025b ].  



 

  

13 

 

 2 

 

 

Figure 1-3. Annual hydrograph for Silver Bow Creek below Blacktail Creek at Butte, 2024 [USGS, 2024a]. 

 

 

Figure 1-4. Annual hydrograph for Silver Bow Creek at Opportunity, 2024 [USGS, 2024b]. Missing measurements in late fall were 

due to channel ice.   
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1.4.2 FIELD PARAMETERS 
Field parameter measurements at the time each SSTOU su rface water sample was collected in 2024  are 

tabulated in Table 1-8. All measurements were in compliance with the DEQ [2019a] dissolved oxygen 

standards and the I -classification pH range criterion.  

I-classification standards also require that turbidity and temperature do not increase above naturally 

occurring levels in a way that would be harmful to public health, recreation, or wildlife.  These narrative 

standards appeared to be met in 2024 . Temperature  was relatively consistent  despite the maximum 

temperature differences between adjacent sites of 2.7 ºC. Temperature differences were probably 

largely due to diel warming of the stream as samples were collected at different times of day. Turbidity 

diffe rences between adjacent sites were generally moderate (i.e., less than 5 NTU) during the same 

sample period except for  Q1 when there was a relatively large increase between sites SS -07 and SS-

10A (7.6 NTU) and between Sites SS-16B and SS-17D (21.2 NTU). Those differences may have been due 

to thawing ice along the stream bottom which mobilized benthic sediments.  

Conductivity is not regulated by I -classification standards. Conductivity in the SSTOU was considerably 

lower in 2024 compared to recent prior years (2020 -2023) (Figure 1-5). The reduction in conductivity in 

2024 is presumably due to alterations in treatment methods for discharge water from the Butte Mine 

Flooding Operable Unit  (BMFOU). 

Table 1-8. Field parameter measurements at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

Dissolved oxygen (mg/L) 

SS-07 Silver Bow Creek below Butte WWTP 10.4 8.6 9.5 10.2 

SS-10A Silver Bow Creek above Sand Creek 10.5 10.0 11.3 11.7 

SS-13 Silver Bow Creek in Reach L 11.1 12.0 15.7 12.5 

SS-14 Silver Bow Creek at Miles Crossing 11.2 12.3 15.3 12.6 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 11.5 9.6 13.2 13.3 

SS-16B Silver Bow Creek in Reach P near Fairmont 11.7 9.0 10.4 12.2 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 11.5 10.6 10.4 12.7 

SS-19 Silver Bow Creek at Frontage Road 11.3 10.0 9.5 12.0 

pH 

SS-07 Silver Bow Creek below Butte WWTP 7.83 8.11 7.93 8.13 

SS-10A Silver Bow Creek above Sand Creek 7.99 9.09 8.68 8.59 

SS-13 Silver Bow Creek in Reach L 7.96 9.03 9.24 8.40 

SS-14 Silver Bow Creek at Miles Crossing 7.93 8.99 9.16 8.36 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 8.06 8.77 9.15 8.73 

SS-16B Silver Bow Creek in Reach P near Fairmont 8.21 8.50 8.74 8.35 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 8.12 8.71 8.43 8.36 

SS-19 Silver Bow Creek at Frontage Road 8.07 8.58 8.19 8.20 
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Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

Conductivity (µS/cm) 

SS-07 Silver Bow Creek below Butte WWTP 354 787 544 551 

SS-10A Silver Bow Creek above Sand Creek 594 850 562 564 

SS-13 Silver Bow Creek in Reach L 458 807 571 642 

SS-14 Silver Bow Creek at Miles Crossing 419 796 596 601 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 420 751 584 571 

SS-16B Silver Bow Creek in Reach P near Fairmont 400 645 547 613 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 372 616 558 603 

SS-19 Silver Bow Creek at Frontage Road 383 605 559 600 

Temperature (ºC) 

SS-07 Silver Bow Creek below Butte WWTP 5.5 14.0 14.2 5.7 

SS-10A Silver Bow Creek above Sand Creek 6.0 16.1 13.8 3.7 

SS-13 Silver Bow Creek in Reach L 4.3 14.3 14.0 3.0 

SS-14 Silver Bow Creek at Miles Crossing 3.4 13.2 13.8 2.7 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 2.4 11.7 11.8 0.0 

SS-16B Silver Bow Creek in Reach P near Fairmont 2.0 9.2 10.6 0.0 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 2.2 9.6 10.6 0.1 

SS-19 Silver Bow Creek at Frontage Road 2.5 9.1 10.2 0.5 

Turbidity (NTU) 

SS-07 Silver Bow Creek below Butte WWTP 8.2 3.2 2.5 7.8 

SS-10A Silver Bow Creek above Sand Creek 10.3 2.1 2.2 1.7 

SS-13 Silver Bow Creek in Reach L 17.9 2.2 3.5 4.7 

SS-14 Silver Bow Creek at Miles Crossing 21.9 2.1 3.5 5.3 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 25.9 2.5 2.9 5.3 

SS-16B Silver Bow Creek in Reach P near Fairmont 30.2 3.3 3.5 8.8 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 51.4 3.6 2.5 1.9 

SS-19 Silver Bow Creek at Frontage Road 55.5 8.7 10.3 4.1 

 

Result is below dissolved oxygen standard from Circular DEQ-7 (1-day minimum = 3 mg/L) [DEQ, 2019a] or outside 

acceptable range for pH as specified for I-classification streams (6.5-9.5; MCA 75-5-301). I-classification standards for 

turbidity and temperature are for increases above naturally occurring levels which would be harmful to public health, 

recreation, or wildlife.  
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Figure 1-5. Conductivity at Streamside Tailings Operable Unit sample sites, 2010-2024. Blue lines represent locally estimated 

scatterplot smooth curves. 
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1.4.3 SUSPENDED SEDIMENT 
Total suspended sediment concentrations  for each SSTOU surface water sample collected in 2024 are 

tabulated in Table 1-9. Suspended sediment concentrations were highest in Q1 2024 and relatively low 

in other quarters.  

Table 1-9. Suspended sediment concentrations at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 10 5 4 11 

SS-10A Silver Bow Creek above Sand Creek 14 4 3 1J 

SS-13 Silver Bow Creek in Reach L 29 4 6 8 

SS-14 Silver Bow Creek at Miles Crossing 42 3 8 10 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 49 5 4 8 

SS-16B Silver Bow Creek in Reach P near Fairmont 47 6 3 23 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 80 8 2J 3 

SS-19 Silver Bow Creek at Frontage Road 96 9 6 17 

J 
Estimated result either because sample result was below analytical reporting limit or because the associated field sample 

and duplicate pair had a relative percent difference greater than 25 percent. 
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1.4.4 WATER HARDNESS 
Water hardness for each SSTOU surface water sample collected in 2024 are tabulated in Table 1-10. 

Water hardness at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Table 1-10. Water hardness increased sharply in the SSTOU at all sites from 

2020 -2023 presumably due to the  addition of treated discharge from the BMFOU. In 2024, water 

hardness returned to pre -2020 levels.  

Table 1-10. Water hardness at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 122 317 180 196 

SS-10A Silver Bow Creek above Sand Creek 213 354 180 201 

SS-13 Silver Bow Creek in Reach L 156 333 201 236 

SS-14 Silver Bow Creek at Miles Crossing 143 321 205 228 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 142 321 206 224 

SS-16B Silver Bow Creek in Reach P near Fairmont 137 267 198 221 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 124 248 186 217 

SS-19 Silver Bow Creek at Frontage Road 132 244 195 228 
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Figure 1-6. Water hardness at Streamside Tailings Operable Unit sample sites, 2010-2024. Blue lines represent locally estimated 

scatterplot smooth curves. 
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1.4.5 NUTRIENTS 

 TOTAL NITROGEN 

Total nitrogen concentrations for each SSTOU surface water sample collected in 2024 are tabulated in 

Table 1-11. All samples collected in 2024 exceeded the Clark Fork River total nitrogen standard 

concentration although the standard was only technically applicable during the Q3 monito ring period.   

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-7. Although concentrations continued to routinely exceed standards 

throughout the SSTOU in 2024, concentrations have declined throughout the SSTOU since upgrades to 

the Butte wastewater plant water treatment methods occurred in 2016.  

Table 1-11. Total nitrogen concentrations at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 1.25 0.97 1.74 1.76 

SS-10A Silver Bow Creek above Sand Creek 1.13 0.77 1.14 1.21 

SS-13 Silver Bow Creek in Reach L 1.29 0.60 1.07 1.38 

SS-14 Silver Bow Creek at Miles Crossing 1.39 0.56 1.13 1.33 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 1.38 0.52 0.74 1.06 

SS-16B Silver Bow Creek in Reach P near Fairmont 1.44 0.44 0.72 1.09 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 1.62 0.37 0.65 0.93 

SS-19 Silver Bow Creek at Frontage Road 1.28 0.38 0.58 0.89 

 
Result exceeds upper Clark Fork River total nitrogen (0.30 mg/L) standard (ARM 17.30.631). This standard is technically 

applicable only during the summer (June 21 to September 21) which includes the Q3 sample period, 
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Figure 1-7. Total nitrogen concentrations at Streamside Tailings Operable Unit monitoring stations, 2010-2024. Red line represents 

the total nitrogen standard for the upper Clark Fork River (ARM 17.30.631).13 

 

  

 

13 Several samples with high total nitrogen concentrations are not depicted: 16.5 mg/L and 11.0 mg/L at Site SS -07 

on March 23, 2010, and September 8, 2011, respectively; and 18.8 mg/L at Site SS -10A on September 9, 2015.  
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 AMMONIA 

Ammonia concentrations for each SSTOU surface water sample collected in 2024 are tabulated in Table 

1-12. 

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-8. Concentrations throughout the SSTOU have been sharply reduced 

(generally to levels at or below analytical reporting limits) since upgrades completed at the Butte 

wastewater plant in 2016.  

Table 1-12. Ammonia concentrations at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 0.02J ND ND ND 

SS-10A Silver Bow Creek above Sand Creek ND ND ND ND 

SS-13 Silver Bow Creek in Reach L 0.15 ND ND ND 

SS-14 Silver Bow Creek at Miles Crossing 0.12 ND ND ND 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.09 ND ND ND 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.10 ND ND ND 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.08 ND ND ND 

SS-19 Silver Bow Creek at Frontage Road 0.06 ND ND ND 

ND Not detected at method detection limit. 

J 
Estimated result either because sample result was below analytical reporting limit or because the associated field sample 

and duplicate pair had a relative percent difference greater than 25 percent. 
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Figure 1-8. Total ammonia concentrations (mg/L) at Streamside Tailings Operable Unit monitoring stations, 2010-2024.14 

 

 

  

 

14 Multiple samples with high concentrations are not depicted at Site SS -07: 11.2 mg/L on March 23, 2010; 4.9 mg/L 

on September 8, 2011; 6.5 mg/L on March 27, 2013; 5.3 mg/L on May 30, 2013; 6.8 mg/L on December 17, 2013; 

6.2 mg/L on March 25, 2014; and 7.0 mg/L on December 4, 2014.  
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 TOTAL PHOSPHORUS 

Total phosphorus concentrations for each SSTOU surface water sample collected in 2024 are tabulated 

in Table 1-13. All but one sample collected in 2024 exceeded the Clark Fork River total phosphorus  

standard concentration although the standard was only technically applicable during the Q3 monito ring 

period.   

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-9. Although concentrations continued to routinely exceed standards 

throughout the SSTOU in 2024, concentrations have declined throughout the SSTOU since upgrades to 

the Butte wastewater plant water treatment methods occurred in 2016.  

Table 1-13. Total phosphorus concentrations at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 0.178 0.063 0.049 0.063 

SS-10A Silver Bow Creek above Sand Creek 0.164 0.052 0.050 0.033 

SS-13 Silver Bow Creek in Reach L 0.294 0.064 0.063 0.046 

SS-14 Silver Bow Creek at Miles Crossing 0.340 0.065 0.065 0.044 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.353 0.064 0.056 0.040 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.327 0.055 0.051 0.050 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.365 0.057 0.039 0.016 

SS-19 Silver Bow Creek at Frontage Road 0.345 0.057 0.036 0.030 

 
Result exceeds upper Clark Fork River total phosphorus (0.020 mg/L) standard (ARM 17.30.631). This standard is 

technically applicable only during the summer (June 21 to September 21) which includes the Q3 sample period, 
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Figure 1-9. Total phosphorus concentrations at Streamside Tailings Operable Unit monitoring stations, 2010-2024. Red line 

represents the total phosphorus standard for the upper Clark Fork River (ARM 17.30.631).15 

 

 

  

 

15 Two Site SS-07 samples are not depicted: 1.37 mg/L on March 23, 2010, and 1.18 mg/L on September 20, 2012.  
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1.4.6 CONTAMINANTS OF CONCERN 

 ARSENIC 

Total recoverable arsenic concentrations for each SSTOU surface water sample collected in 2024 are 

tabulated in Table 1-14. All Q1 sample concentrations , except those from Sites SS -07 and SS-10A, 

exceeded the human health standard .  

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-10. Although there were some standard exceedances in 2024, 

concentrations appear to be declining at all sites and most  samples are now below the standard. The six 

exceedances of the human health standard in 2024 were the first observed in the SSTOU since 2019.  

Table 1-14. Total recoverable arsenic concentrations (mg/L) at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 0.006 0.004 0.004 0.004 

SS-10A Silver Bow Creek above Sand Creek 0.007 0.005 0.005 0.004 

SS-13 Silver Bow Creek in Reach L 0.011 0.008 0.006 0.005 

SS-14 Silver Bow Creek at Miles Crossing 0.012 0.008 0.006 0.005 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.012 0.007 0.006 0.005 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.012 0.006 0.005 0.006 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.015 0.007 0.005 0.005 

SS-19 Silver Bow Creek at Frontage Road 0.015 0.007 0.005 0.005 

 Exceeds DEQ [2019a] human health standard. 
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Figure 1-10. Total recoverable arsenic concentrations (mg/L) in the Streamside Tailings Operable Unit, 2010-2024. Red lines 

represent the human health surface water standard [DEQ, 2019a].16 Blue lines represent locally estimated scatterplot smooth 

curves. 

 

 

  

 

16 One outlier is not depicted: 0.111 mg/L on December 13, 2010, at SS-15A-2.  
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 CADMIUM 

Total recoverable cadmium concentrations for each SSTOU surface water sample collected in 2024 are 

tabulated in  Table 1-15. All sample concentrations were below aquatic life standard s. 

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-11. Concentrations have generally declined over time at all sites and are 

now routinely below the standard. There have been no exceedances of the cadmium standards in the 

SSTOU since 2016.  

 Table 1-15. Total recoverable cadmium concentrations (mg/L) at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 0.00012 0.00006 0.00007 0.00013 

SS-10A Silver Bow Creek above Sand Creek 0.00027 0.00019 0.00016 0.00026 

SS-13 Silver Bow Creek in Reach L 0.00027 0.00014 0.00009 0.00019 

SS-14 Silver Bow Creek at Miles Crossing 0.00032 0.00015 0.00010 0.00023 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.00042 0.00020 0.00009 0.00015 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.00043 0.00018 0.00007 0.00031 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.00069 0.00021 0.00011 0.00017 

SS-19 Silver Bow Creek at Frontage Road 0.00083 0.00022 0.00013 0.00029 

 Exceeds chronic aquatic life standard of DEQ [2019a]. 

 Exceeds acute aquatic life standard of DEQ [2019a]. 
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Figure 1-11. Total recoverable cadmium concentrations (mg/L) in the Streamside Tailings Operable Unit, 2010-2024. Red lines 

represent the chronic aquatic life standard assuming hardness is 100 mg/L [DEQ, 2019a].17 Blue lines represent locally estimated 

scatterplot smooth curves. 

 

  

 

17 Two outliers are not depicted: 0.0118 mg/L at Site SS -15A (displayed as Site SS-15A-2) on December 13, 2010; 

and 0.0022 mg/L at SS-15A-2 on November 29, 2011.  
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 COPPER 

Total recoverable copper concentrations for each SSTOU surface water sample collected in 2024 are 

tabulated in Table 1-16. All Q1 sample concentrations exceeded the  chronic aquatic life standard and all  

samples except  those from Sites SS -07 and SS-10A in Q1 also exceeded the acute aquatic life 

standard . Other samples exceeding the chronic aquatic life standard included those  from Site SS-10A in 

Q3 and Q4 and that from Site SS-16B in Q4.  

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-12. Concentrations have generally declined at all sites over time 

although the Q1 2024 concentrations were relatively high. At Sites SS -16B and SS-19, the Q1 2024 

concentration was the highest on record.  

Annual rates of copper standard exceedances in the SSTOU are declining over time due to steadily 

declining copper concentrations but also due to alteration of water hardness from the discharge of 

treated water from the BMFOU. Prior to the discharge of treated water (and subsequent increase in 

hardness), annual rates of copper exceedances for SSTOU samples declined from 95 percent in 2010 to 

73 percent in 2019. After the sharp increase in hardness which occurred from 2020 -2023 , exceedance 

rates declined to 2 2 percent or less. However, in 2024 hardness returned to pre -2020 baseline levels 

and copper exceedance rates increased but only to 35 percent of all samples even with relatively high 

flows in Q1 2024. 

Table 1-16. Total recoverable copper concentrations (mg/L) at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 0.012 0.007 0.007 0.011 

SS-10A Silver Bow Creek above Sand Creek 0.025 0.024 0.021 0.021 

SS-13 Silver Bow Creek in Reach L 0.025 0.015 0.013 0.016 

SS-14 Silver Bow Creek at Miles Crossing 0.027 0.016 0.013 0.017 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.040 0.017 0.012 0.015 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.040 0.014 0.010 0.024 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.065 0.016 0.010 0.009 

SS-19 Silver Bow Creek at Frontage Road 0.075 0.016 0.010 0.014 

 Exceeds chronic aquatic life standard of DEQ [2019a]. 

 Exceeds acute aquatic life standard of DEQ [2019a]. 
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Figure 1-12. Total recoverable copper concentrations (mg/L) in the Streamside Tailings Operable Unit, 2010-2024. Red lines 

represent the chronic aquatic life standard assuming hardness is 100 mg/L [DEQ, 2019a].18 Blue lines represent locally estimated 

scatterplot smooth curves. 

 

  

 

18 Several outliers are not depicted: 2.01 mg/L at Site SS -15A (displayed as Site SS-15A-2) on December 13, 2010; 

and 0.169 mg/L (March 23, 2010), 0.158 mg/L (December 13, 2010), and 0.301 mg/L (November  29, 2011) at Site 

SS-17D. 



 

  

32 

 

 2 

 

 LEAD 

Total recoverable lead concentrations for each SSTOU surface water sample collected in 2024 are 

tabulated in Table 1-17. Four Q1 sample concentrations exceeded the  chronic aquatic life standard 

including those from Sites SS -15A-2, SS-16B, SS-17D, and SS-19.  

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-13. Concentrations have generally declined at all sites over time 

although the Q1 2024 concentrations were relatively high. At Sites SS -16B and SS-19, the Q1 2024 

concentration was the highest on record. The four exceedances of the chronic aquatic life standa rd for 

lead in 2024 were the first observed in the SSTOU since 2019.  

Table 1-17. Total recoverable lead concentrations (mg/L) at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 0.0021 0.0011 0.0011 0.0027 

SS-10A Silver Bow Creek above Sand Creek 0.0026 0.0015 0.0010 0.0006 

SS-13 Silver Bow Creek in Reach L 0.0038 0.0007 0.0009 0.0013 

SS-14 Silver Bow Creek at Miles Crossing 0.0049 0.0007 0.0010 0.0015 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.0074 0.0009 0.0008 0.0013 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.0074 0.0009 0.0006 0.0033 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.0135 0.0012 0.0006 0.0005 

SS-19 Silver Bow Creek at Frontage Road 0.0160 0.0013 0.0008 0.0018 

 Exceeds chronic aquatic life standard of DEQ [2019a]. 

 Exceeds acute aquatic life standard of DEQ [2019a]. 
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Figure 1-13. Total recoverable lead concentrations (mg/L) in the Streamside Tailings Operable Unit, 2010-2024. Red lines represent 

the chronic aquatic life standard assuming hardness is 100 mg/L [DEQ, 2019a].19 Blue lines represent locally estimated scatterplot 

smooth curves. 

 

  

 

19 Several outliers are not depicted: 0.785 mg/L at Site SS -15A (displayed as Site SS-15A-2) on December 13, 2010;  

and 0.040 mg/L (March 23, 2010), 0.048 mg/L (December 13, 2010), and 0.062 mg/L (November 29, 20 11) at Site 

SS-17D. 
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 MERCURY 

Total recoverable mercury concentrations for each SSTOU surface water sample collected in 2024 are 

tabulated in Table 1-18. All Q1 sample concentrations exceeded the  chronic aquatic life standard as well 

as samples from Sites SS-10A, SS-14, SS-15A-2, SS-17D, and SS-19 in Q2.  

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-14. Concentrations in 2024 were relatively high compared to recent 

years, particularly during Q1 and Q2.  

Table 1-18. Total recoverable mercury concentrations (µg/L) at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 0.019 0.010 0.005 0.009 

SS-10A Silver Bow Creek above Sand Creek 0.024 0.017 0.008 0.006 

SS-13 Silver Bow Creek in Reach L 0.030 0.005 0.006 0.009 

SS-14 Silver Bow Creek at Miles Crossing 0.039 0.014 0.007 0.011 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.042 0.013 0.006 0.009 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.057 0.011 0.007 0.019 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.082 0.016 0.006 0.005J 

SS-19 Silver Bow Creek at Frontage Road 0.117 0.017 0.008 0.036 

 Exceeds MDHES [1994] chronic aquatic life standard for mercury. 
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Figure 1-14. Total recoverable mercury concentrations in the Streamside Tailings Operable Unit, 2010-2024. Red lines represents 

the chronic aquatic life standard [MDHES, 1994].20,21 Blue lines represent locally estimated scatterplot smooth curves. 

 

  

 

20 Samples collected on March 23, 2010, are depicted due to the high reporting limit (1 µg/L).  

21 Several outliers are not depicted: 0.21 µg/L on May 30, 2013, at Site SS-07; 0.36 µg/L on December 3, 2014, at Site 

SS-14; and 0.16 µg/L and 0.34 µg/L at Site SS-17D on June 2, 2011, and November 29, 2011 , respectively.  
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 ZINC 

Total recoverable zinc concentrations for each SSTOU surface water sample collected in 2024 are 

tabulated in Table 1-19. Samples from Sites SS-17D and SS-19 in Q1 exceeded the chronic aquatic life 

standard.  

Concentrations at each current SSTOU surface water monitoring site over the monitoring period of 

record are depicted in Figure 1-15. Concentrations have generally remained steady, or appear to be 

declining slightly, over time at all sites. The two exceedances of the chronic aquatic life standard for zinc 

in 2024 were the first observed in the SSTOU since 2019.  

Table 1-19. Total recoverable zinc concentrations (mg/L) at Streamside Tailings Operable Unit monitoring stations, 2024. 

Site ID Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 0.035 0.022 0.028 0.049 

SS-10A Silver Bow Creek above Sand Creek 0.069 0.038 0.033 0.048 

SS-13 Silver Bow Creek in Reach L 0.068 0.027 0.021 0.055 

SS-14 Silver Bow Creek at Miles Crossing 0.072 0.030 0.023 0.061 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.107 0.047 0.024 0.058 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.107 0.044 0.018 0.093 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.173 0.046 0.034 0.059 

SS-19 Silver Bow Creek at Frontage Road 0.199 0.052 0.035 0.087 

 Exceeds chronic aquatic life standard of DEQ [2019a] for zinc. 
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Figure 1-15. Total recoverable zinc concentrations (mg/L) in the Streamside Tailings Operable Unit, 2010-2024. Red lines represent 

the chronic aquatic life standard assuming hardness is 100 mg/L [MDHES, 1994].22 Blue lines represent locally estimated 

scatterplot smooth curves. 

  

 

22 Two outliers are not depicted: 2.41 mg/L at Site SS -15A (displayed as Site SS-15A-2) on December 13, 2010; and  

0.52 mg/L on November 29, 2011, at Site SS-17D. 
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1.5 DISCUSSION 
The SSTOU remedy is intended to remove threats to human health and the environment posed by 

mining-related contaminants within the floodplain of Silver Bow Creek. As of 2024 , major remedial 

measures had been completed throughout the SSTOU, but minor actions may continue to be 

implemented in forthcoming years to remove residual contaminant sources. This monitoring report 

represents a continuing assessment of post -remediation c onditions in the SSTOU. 
 

1.5.1 STREAMFLOWS 
Streamflows in Silver Bow Creek were high during the Q1 monitoring period . However, flows later in the 

spring , when the freshet typically occurs (May -June), were relatively low. Streamflows in the SSTOU are 

strongly positively correlated with COC concentrations and COC concentrations . As expected,  given the 

high flows, COC concentrations in the SSTOU in 2024 were high compared to recent results  especially  in 

Q1. 

1.5.2 FIELD PARAMETERS 
Differences in water temperature, pH, and dissolved oxygen among sample quarters  generally reflected 

normal seasonal variation for those parameters. Observed temperatures were 16.1 ºC or less, which is 

below thresholds considered stressful for trout, but t his sampling program does not include mid-

summer sample periods and therefore the most stressful thermal conditions are not represented by 

these data. Dissolved oxygen concentrations were well at least 8.6 mg/L and well above DEQ [2019a] 

standards. All pH measurements in the SSTOU in 2024  were within the 6.5±9.5 goal range for I-

classification streams. Conductivity was high (354-850 µS/cm) compared to historic conditions but 

lower than in the more recent 2020 -2023 period when the  treated discharge from the BMFOU first 

began to discharge into the creek . Reduced conductivity and hardness likely  reflect ongoing 

refinements to the water treatment process  for the BMFOU. 

1.5.3 NUTRIENTS  
Nutrient concentrations in the SSTOU are vastly reduced following  the 2016 upgrades to the Butte 

wastewater treatment plant. Despite the upgrades, total nitrogen and phosphorus concentrations 

remain elevated  compared to the standards .  

Ammonia concentrations were above the method detection limit (0.02 mg/L) at all but one site in Q1 with 

a maximum concentration of 0.15 mg/L  at Site SS-13. Generally, ammonia concentrations in the SSTOU 

have been below detection limits at most sites during most monitoring periods since the wastewater 

treatment upgrades were completed in 2016. Although elevated compared to recent results, 

concentrations in Q1 2024 were generally an order of magnitude (or more) lower than ammonia 

concentrations in the SSTOU p rior to the treatment upgrades.  

1.5.4  CONTAMINANTS OF CONCERN 

The SSTOU remedy is intended to remove threats to human health and the environment posed by the 

presence of metals -rich tailings within the floodplain of Silver Bow Creek. Although other constituents 

are monitored (e.g., nutrients), metal COCs are the prim ary focus of this monitoring program.  
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Annual sample exceedance  rates  of surface water performance goals have declined over time for all 

COCs except perhaps arsenic and mercury (Figure 1-16). Arsenic and mercury exceedance rates have 

also demonstrated generally declining trends through time but the variability in annual rates obscures 

the trends. Cadmium, lead, and zinc exceedance rates declined sharply from 2010 -2015 as the period of 

intensive remedial actions were completed in the SSTOU. Since 2015, there have been only occasional 

exceedances of performance goals for those COCs.  

Copper exceedance rates are a function of both copper concentrations and water hardness. The 

performance goal for copper in the SSTOU is hardness -based and becomes more lenient as hardness 

increases (i.e., as hardness increases, the copper concentration required to exceed the sta ndard 

increases). From 2010 -2019 water hardness in the SSTOU was steady and the rate of copper 

exceedances declined at a modest rate from about 95 percent to 70  percent . Therefore, the decline in 

exceedances during that period prima rily reflected decreases in copper concentrations as were 

observed for other cationic COCs (e.g., cadmium, lead, and zinc).  

In 2020, treated water from the BMFOU began discharg ing to Silver Bow Creek upstream from the 

SSTOU. The discharge water was calcium-rich resulting in sharply  increased hardness throughout the 

SSTOU. Copper exceedance rates from 2020 -2023 were sharply reduced during those years. In 2024, 

the discharge water apparently had lower calcium concentrations because water hardness was much 

lower than during the preceding post -discharge period ( 2020 -2023 ). Hardness in 2024 was generally 

more like levels observed dur ing the pre-BMFOU discharge period before 2020. Consequently , the 

annual copper exceedance rate in 2024 was slightly higher (34 percent) than the annual exceedance 

rates observed during the preceding post -discharge periods (6 -22 percent from 2020 -2023). Still, 

despite the reduced hardness observed in 2024, annual copper exceedance rates  were well below the 

rates observed prior to 2020 because of  ongoing declines in copper concentrations in the SSTOU.   

Rates of performance goal exceedances for COCs were much higher in Q1 than in any other quarter. 

Those high exceedance rates were almost certainly due to the elevated streamflows in Q1 which has 

been strongly associated with elevated metal concentrations i n the SSTOU historically. Exceedance 

rates for all samples collected in Q1 were 100 percent for copper and mercury, 75 percent for arsenic, 

50 percent for lead, 25 percent for zinc, and 0 percent for cadmium. In all other quarters, exceedance 

rates were 21  percent for mercury, 13 percent for copper, and 0 percent for all other COCs. These 

exceedance rates were  
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Figure 1-16. Sample exceedance rates for each contaminant of concern in the Streamside Tailings Operable Unit, 2010-2024. Blue 

lines represent locally estimated scatterplot smooth curves.  
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2.0 SEDIMENT 

2.1 INTRODUCTION 
The Streamside Tailings Operable Unit (SSTOU) Record of Decision (ROD) did not specify numeric 

remediation standards for concentrations of contaminants of concern in sediment, stating ®No metals 

concentration cleanup goal is established by this action¯ [DEQ and EPA, 1995]. The 1998 Explanation of 

Significant Differences (ESD) [DEQ and EPA, 1998] modified the sediment goals to recognize that the 

realignment and reconstruction of the stream channel in many areas provided for the streambed to be 

reconstructed with clean materials. In those areas where the existing channel was maintained, the 

sediments were excavated to a minimum depth of one foot and the new channel bed was  reconstructed 

with clean fill material. Thus, the contaminated sediments were replaced with clean material throughout 

the operable unit.  

2.2 REFERENCE VALUES 
Contaminant of concern concentrations in sediments are compared to ecological reference values to 

evaluate the influence of remediation. These reference values are the ®threshold effect concentration¯ 

(TEC) 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. At metal  COC concentrations above the PEC, benthic organisms 

are likely to be affected (Table 2-1).  

Table 2-1. Reference values for contaminant of concern concentrations (dry weight [DW]) of sediments in the Streamside Tailings 

Operable Unit. The threshold effect concentration (TEC) and probable effect concentration (PEC) were described in MacDonald et al. 

[2000]. 

Contaminant of Concern 
Threshold Effect Concentration (mg/kg-

DW) 

Probable Effect Concentration (mg/kg-

DW) 

Arsenic 9.79 33 

Cadmium 0.99 4.98 

Copper 31.6 149 

Lead 35.8 128 

Mercury 0.18 1.06 

Zinc  121 459 

2.3 METHODS 

The purpose of the sediment monitoring program is to collect data describing the temporal and spatial 

variation of COC concentrations in the SSTOU  to  provide a long -term record of environmental 

conditions. This long -term record provides a dataset to evaluate the effect of remediation on 

environmental conditions over time. The program attempts to fully adhere to monitoring requirements 

specified in the SSTOU ROD (Table 2-2).  
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Table 2-2. Minimum post-remedy sediment monitoring requirements specified in the Record of Decision for the Streamside Tailings 

Operable Unit [DEQ and EPA, 1995]. 

Locations/Physical Analytical Parameters Analytes 

Surface water locations and at each 

depositional area. 

Metals (total) in three size fractions: 

<0.063 mm, 0.063-1 mm, >1 mm and 

greater  

Arsenic, cadmium, copper, lead, mercury, 

zinc 

 

2.3.1 MONITORING LOCATIONS 
Monitoring was conducted at eight  sites (Figure 2-1). All sites were located within the SSTOU  (Table 2-3; 

Figure 2-1).  

Table 2-3. Sediment sampling locations in the Streamside Tailings Operable Unit. 

Site ID Site Location 
Location (GPS coordinates, NAD 83) 

Latitude Longitude 

SS-0723 Silver Bow Creek below Butte WWTP 45.99679 -112.56470 

SS-10A Silver Bow Creek above Sand Creek 46.00375 -112.66084 

SS-13 Silver Bow Creek in Reach L 46.00647 -112.71394 

SS-14 Silver Bow Creek at Miles Crossing 46.01142 -112.72270 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 46.02096 -112.78802 

SS-16B Silver Bow Creek in Reach P near Fairmont 46.05494 -112.79611 

SS-17D24 Silver Bow Creek below Stewart Street at Opportunity 46.10787 -112.80553 

SS-19 Silver Bow Creek at Frontage Road 46.12250 -112.80077 

 

23 Co-located with USGS Gage 12323250.  

 
 

24 Co-located with USGS Gage 12323600.  
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Figure 2-1. Sediment sampling locations in the Streamside Tailings Operable Unit. 

  



 

  

44 

 

 2 

 

2.3.2 MONITORING SCHEDULE 
Monitoring events were scheduled to represent  seasonal variation in sediment chemistry within the 

SSTOU.  

One monitoring event occurred during each calendar quarter . Quarterly monitorin g events occurred 

near the end of each quarter. First quarter (Q1) monitoring occurred on March 20, 2024 , prior to spring 

snowmelt runoff. Second quarter (Q2) monitoring occurred on May 30, 2024 , near the peak of the spring 

snowmelt runoff period. Third quarter (Q3) monitoring occurred on September 13, 2024, during low 

streamflow conditions. Fourth quarter (Q4) monitoring occurred on November 26 , 2024 , during  late fall. 

2.3.3 MONITORING PARAMETERS 
Sediment samples were analyzed for total extractable dry weight concentrations of COCs (arsenic, 

cadmium, copper, lead, mercury, and zinc) and other metals (aluminum, antimony, barium , barium, 

beryllium, boron, chromium, cobalt, iron, manganese, molybdenum, nickel, selenium, silver, uranium, and 

vanadium). Each sample was sieved in the laboratory into three size fractions (<0.063 mm, 0.063 ±1 mm, 

and 1±2 mm) and metal concentrations wer e determined independently for each size fraction.  Results 

for metals whi ch are not COCs and for the mid (0.063 -1 mm) and coarse (1-2 mm) size fractions are 

available in Appendix D. 

2.3.4 SAMPLE COLLECTION AND ANALYSIS 
Sample collection and analysis procedures are described in the project QAPP [RESPEC, 2024a]. Sample 

collection methods generally followed standard operating procedures (SOPs) developed for the Clark 

Fork River [AR, 1992]. Composite sediment samples were collected from at least five depositional areas 

in the stream according to Montana Departmen t of Environmental Quality (DEQ) standard operating 

procedures (SOPs) [DEQ, 2019b]. Each composite sample was wet sieved in the laboratory into three 

sediment size fr actions: <0.063 mm, 0.063±1 mm, and 1±2 mm. Samples were analyzed by size fraction 

at Energy Laboratories  (Helena, Montana). Laboratory analysis procedures included SW6010B, SW6020, 

SW7471A, and SW7471B (Table 2-4). Due to miscommunication between field sampling and laboratory 

teams, samples collected in Q4 2024 were not analyzed for calcium, iron, magnesium, or potassium.  

Table 2-4. Analytes and analytical methods for sediment monitoring in the Streamside Tailings Operable Unit.  

Parameter Category Analytical Method 

Arsenic 

Contaminants of concern 

SW6010B  

Cadmium SW6020 

Copper SW6010B 

Lead SW6010B 

Zinc SW6010B 

Mercury SW7471B 

Aluminum 

Other metals 

SW6010B 

Antimony SW60120  

Barium SW6010B 
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Parameter Category Analytical Method 

Beryllium SW6010B 

Boron SW6010B  

Chromium SW6010B 

Cobalt SW6010B 

Iron SW6010B 

Manganese SW6010B 

Molybdenum SW6020 

Nickel SW6010B 

Selenium SW6020 

Silver SW6020 

Uranium SW6020 

Vanadium SW6010B 

2.3.5 DATA ANALYSIS 
Concentrations for each COC in the fine sediment size fraction (<0.063 mm) were compared to the  TEC 

and PEC reference values to evaluate rates of exceedances for each 2024 sample. At each site, 

temporal trends for each COC in the fine sediment size fraction were evaluated informally through visual 

inspection of scatterplots with LOESS (locally estimated scatterplot smooth) curves fitted to the data.  

2.3.6 QUALITY CONTROL, QUALITY ASSURANCE, AND DATA VALIDATION 
Data quality objectives (DQOs) were established in the SSTOU monitoring QAPP for data 

®representativeness¯, ®comparability¯, ®completeness¯, ®sensitivity¯, ®precision¯, ®bias¯, and ®accuracy¯ 

[RESPEC, 2024a]. Assessment of each DQO for sediment data collected in 2024 is provided in Appendix 

A. Data validation assessments for the data collected in 2024 is provided in Appendix G.  
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2.4 RESULTS 

2.4.1 ARSENIC 
Among all samples collected in 2024, arsenic concentrations ranged from 14-199 mg/kg -DW (Table 

2-5). Of the 32 samples collected, concentrations exceeded the TEC in all 32 of the samples and 

exceeded the PEC in 24 of the samples.   

Arsenic c oncentration s appear to be relatively stable at each site and there is little evidence of strong 

increasing or decreasing trends (Figure 2-2). Concentrations at Site SS -07 have been more variable, and 

generally higher, compared to other sites.   

Table 2-5. Total arsenic concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from Streamside 

Tailings Operable Unit monitoring stations, 2024.  

Site Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 199 103 128 188 

SS-10A Silver Bow Creek above Sand Creek 51 64 35 50 

SS-13 Silver Bow Creek in Reach L 31 33 41 46 

SS-14 Silver Bow Creek at Miles Crossing 21 21 32 35 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 18 14 35 46 

SS-16B Silver Bow Creek in Reach P near Fairmont 49 43 29 33 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 61 51 49 95 

SS-19 Silver Bow Creek at Frontage Road 59 46 51 47 

 Exceeds the threshold effect concentration (9.79 mg/kg) [MacDonald et al., 2000]. 

 Exceeds the probable effect concentration (33 mg/kg) [MacDonald et al., 2000]. 
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Figure 2-2. Total arsenic concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from 

Streamside Tailings Operable Unit monitoring stations, 2014-2024. Solid red line is the 33 mg/kg-Ąė ŊĪĬĩĜěĜĦğ ğĠĠğĝĮ 

ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĐąăÛ ěĨĞ ĮĢğ ĞěĭĢğĞ ĬğĞ ĦģĨğ ģĭ ĮĢğ B!@B ħġÜĥġ-Ąė ŊĮĢĬğĭĢĩĦĞ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĔąăÛ ÞčěĝĄĩĨěĦĞ ğĮ ěĦ!# ;999ß! 

Blue lines represent the locally estimated scatterplot smooth (LOESS) curves. 
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2.4.2 CADMIUM 
Among all samples collected in 2024, cadmium concentrations ranged from 0.8-14.0 mg/kg -DW (Table 

2-6). Of the 32 samples collected, concentrations exceeded the TEC in all but one  sample and exceeded 

the PEC in 22 of the samples. 

Since 2014, cadmium concentrations have been highly variable at all sites ( Figure 2-3). Given the extent 

of variability, it is difficult to identify increasing or decreasing trends at any sites  although all sites appear 

to have declining trends over the last three years.  

Table 2-6. Total cadmium concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from 

Streamside Tailings Operable Unit monitoring stations, 2024.  

Site Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 8.3 7.2 6.5 6.9 

SS-10A Silver Bow Creek above Sand Creek 7.0 8.3 6.9 6.5 

SS-13 Silver Bow Creek in Reach L 4.7 5.2 5.5 8.8 

SS-14 Silver Bow Creek at Miles Crossing 4.0 2.5 4.8 5.9 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 1.1 0.8 5.3 6.2 

SS-16B Silver Bow Creek in Reach P near Fairmont 4.0 4.7 4.8 7.8 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 5.8 7.0 9.1 13.3 

SS-19 Silver Bow Creek at Frontage Road 7.5 9.5 14.0 9.1 

 Exceeds the threshold effect concentration (0.99 mg/kg) [MacDonald et al., 2000]. 

 Exceeds the probable effect concentration (4.98 mg/kg) [MacDonald et al., 2000]. 
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Figure 2-3. Total cadmium concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from 

Streamside Tailings Operable Unit monitoring stations, 2014-2024.25 Solid red line is the 4.98 mg/kg-Ąė ŊĪĬĩĜěĜĦğ ğĠĠğĝĮ 

ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĐąăÛ ěĨĞ ĮĢğ ĞěĭĢğĞ ĬğĞ ĦģĨğ ģĭ ĮĢğ 9!BB ħġÜĥġ-Ąė ŊĮĢĬğĭĢĩĦĞ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĔąăÛ ÞčěĝĄĩĨěĦĞ ğĮ ěĦ!# ;999ß! 

Blue lines represent the locally estimated scatterplot smooth (LOESS) curves. 

  

 

25 Three sample results from Site SS -19 on March 26, 2015 (97 mg/kg -DW), September 12, 2018 (124 mg/kg -DW), 

and September 2, 2022 (124 mg/kg -DW) are not depicted.  
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2.4.3 COPPER 
Among all samples collected in 2024, copper concentrations ranged from 83-1,390 mg/kg -DW (Table 

2-5). Of the 32 samples collected, concentrations exceeded both the TEC in all samples and exceeded 

the PEC in all but two  samples. 

Due to the high degree of variability in the results, there does not appear to be evidence increasing or 

decreasing trends at any sites over the last decade  (Figure 2-4). Concentrations in 2024 at some sites 

were relatively low compared to prior results, particularly at Sites SS -13, SS-14, and SS-15A-2, and SS-

16B. 

Table 2-7. Total copper concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from Streamside 

Tailings Operable Unit monitoring stations, 2024.  

Site Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 1,120 794 1,090 1,390 

SS-10A Silver Bow Creek above Sand Creek 719 835 712 749 

SS-13 Silver Bow Creek in Reach L 400 340 490 578 

SS-14 Silver Bow Creek at Miles Crossing 384 207 374 359 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 112 83 404 531 

SS-16B Silver Bow Creek in Reach P near Fairmont 485 367 319 549 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 695 494 428 575 

SS-19 Silver Bow Creek at Frontage Road 478 434 410 413 

 Exceeds the threshold effect concentration (31.6 mg/kg) [MacDonald et al., 2000]. 

 Exceeds the probable effect concentration (149 mg/kg) [MacDonald et al., 2000]. 
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Figure 2-4. Total copper concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from Streamside 

Tailings Operable Unit monitoring stations, 2014-2024.26 Solid red line is the 149 mg/kg-Ąė ŊĪĬĩĜěĜĦğ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĐąăÛ 

and the dashed red line is the 31.6 mg/kg-Ąė ŊĮĢĬğĭĢĩĦĞ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĔąăÛ ÞčěĝĄĩĨěĦĞ ğĮ ěĦ!# ;999ß! Blue lines represent 

locally estimated scatterplot smooth (LOESS) curves. 

  

 

26 Multiple sample results are not depicted: Site SS -07 on December 4, 2014 (1,710 mg/kg -DW); Site SS-16B on June 

8, 2022 (2,410 mg/kg -DW); Site SS-17D on December 3, 2014 (2,390 mg/kg -DW); and Site SS-19 on March 24, 

2014 (3,170 mg/kg -DW), on March 26, 2015 (35,700 mg/kg-DW), on March 16, 2016 (1,780 mg/kg-DW), and on 

June 5, 2017 (2,410 mg/kg -DW). 
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2.4.4 LEAD 
Among all samples collected in 2024, lead concentrations ranged from 24-488 mg/kg -DW (Table 2-5). 

Of the 32 samples collected, concentrations exceeded the TEC in all but one of the samples and 

exceeded the PEC in 17 of the samples.   

Lead concentrations appear to be declining since 2014 at several sites including:  Sites SS -14, SS-15A-

2, SS-16B, SS-17D, and SS-19 (Figure 2-5).  

Table 2-8. Total lead concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from Streamside 

Tailings Operable Unit monitoring stations, 2024.  

Site Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 488 376 336 416 

SS-10A Silver Bow Creek above Sand Creek 176 485 165 198 

SS-13 Silver Bow Creek in Reach L 93 101 157 147 

SS-14 Silver Bow Creek at Miles Crossing 80 64 95 103 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 128 24 104 133 

SS-16B Silver Bow Creek in Reach P near Fairmont 128 109 101 108 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 142 123 146 231 

SS-19 Silver Bow Creek at Frontage Road 177 136 169 122 

 Exceeds the threshold effect concentration (35.8 mg/kg) [MacDonald et al., 2000]. 

 Exceeds the probable effect concentration (128 mg/kg) [MacDonald et al., 2000]. 
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Figure 2-5. Total lead concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from Streamside 

Tailings Operable Unit monitoring stations, 2014-2024. Solid red line is the 128 mg/kg-Ąė ŊĪĬĩĜěĜĦğ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĐąăÛ 

and the dashed red line is the 35.8 mg/kg-Ąė ŊĮĢĬğĭĢĩĦĞ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĔąăÛ ÞčěĝĄĩĨěĦĞ ğĮ ěĦ!# ;999ß. Blue lines represent 

locally estimated scatterplot smooth (LOESS) curves. 
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2.4.5 MERCURY 
Among all samples collected in 2024 , mercury concentrations ranged from 0. 1-3.5 mg/kg -DW (Table 

2-5). Of the 32 samples collected, concentrations exceeded the TEC in all but two of the samples and 

exceeded the PEC in seven samples.   

Since 2014, mercury concentrations have appeared to decline at some sites, particularly at Sites SS -14, 

SS-16B, SS-17D, and SS-19 (Figure 2-6). However, results have been variable at many sites and multiple 

outlying results with high concentrations have been observed obscuring temporal trends.  

Table 2-9. Total mercury concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from 

Streamside Tailings Operable Unit monitoring stations, 2024.  

Site Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 1.5 1.2 1.2 1.4 

SS-10A Silver Bow Creek above Sand Creek 1.1 3.5 1.2 1.0 

SS-13 Silver Bow Creek in Reach L 0.5 0.4 0.8 0.5 

SS-14 Silver Bow Creek at Miles Crossing 0.4 0.2 0.4 0.3 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 0.1 0.1J 0.5 0.6 

SS-16B Silver Bow Creek in Reach P near Fairmont 0.8 0.6 0.5 0.6 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 0.9 0.6 0.7 0.7 

SS-19 Silver Bow Creek at Frontage Road 1.0 0.8 0.6 0.6 

 Exceeds the threshold effect concentration (0.18 mg/kg) [MacDonald et al., 2000]. 

 Exceeds the probable effect concentration (1.06 mg/kg) [MacDonald et al., 2000]. 
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Figure 2-6. Total mercury concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from 

Streamside Tailings Operable Unit monitoring stations, 2014-2024.27 Solid red line is the 1.06 mg/kg-Ąė ŊĪĬĩĜěĜĦğ ğĠĠğĝĮ 

ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĐąăÛ ěĨĞ ĮĢğ ĞěĭĢğĞ ĬğĞ ĦģĨğ ģĭ ĮĢğ 9!:A ħġÜĥġ-Ąė ŊĮĢĬğĭĢĩĦĞ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĔąăÛ ÞčěĝĄĩĨěĦĞ ğĮ ěĦ!# ;999ß! 

Blue lines represent locally estimated scatterplot smooth (LOESS) curves. 

 

  

 

27 Two sample results are not depicted: Site SS -16B on June 1, 2023 (10.0 mg/kg -DW); and Site SS-17D on 

December 3, 2014 (5.3 mg/kg -DW). 
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2.4.6 ZINC 
Among all samples collected in 2024, zinc concentrations ranged from 202-2,680 mg/kg -DW (Table 

2-5). Of the 32 samples collected, concentrations exceeded both the TEC in all samples and exceeded 

the PEC in all but two  samples.   

Since 2014, zinc concentrations have demonstrated no clear increasing or decreasing trends with the 

possible exceptions of Sites SS-07, SS-13, and SS-14 which appear to be declining slightly over time 

(Figure 2-7).  

Table 2-10. Total zinc concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from Streamside 

Tailings Operable Unit monitoring stations, 2024.  

Site Site Location 
Sample Quarter 

Q1 Q2 Q3 Q4 

SS-07 Silver Bow Creek below Butte WWTP 2,430 1,770 1,820 2,140 

SS-10A Silver Bow Creek above Sand Creek 1,460 1,620 1,180 1,270 

SS-13 Silver Bow Creek in Reach L 970 865 1,370 1,540 

SS-14 Silver Bow Creek at Miles Crossing 906 540 1,160 1,420 

SS-15A-2 Silver Bow Creek above German Gulch (Alternate Site) 259 202 1,180 1,270 

SS-16B Silver Bow Creek in Reach P near Fairmont 942 966 906 1,550 

SS-17D Silver Bow Creek below Stewart Street at Opportunity 1,150 1,290 1,790 2,580 

SS-19 Silver Bow Creek at Frontage Road 1,940 2,680 1,550 2,000 

 Exceeds the threshold effect concentration (121 mg/kg) [MacDonald et al., 2000]. 

 Exceeds the probable effect concentration (459 mg/kg) [MacDonald et al., 2000]. 
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Figure 2-7. Total zinc concentrations (mg/kg dry weight; <0.063 mm size fraction) in quarterly sediment samples from Streamside 

Tailings Operable Unit monitoring stations, 2014-2024.28 Solid red line is the 459 mg/kg-Ąė ŊĪĬĩĜěĜĦğ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĐąăÛ 

and the dashed red line is the 121 mg/kg-Ąė ŊĮĢĬğĭĢĩĦĞ ğĠĠğĝĮ ĝĩĨĝğĨĮĬěĮģĩĨŋ ÚĔąăÛ ÞčěĝĄĩĨěĦĞ ğĮ ěĦ!# ;999ß! Blue lines represent 

locally estimated scatterplot smooth (LOESS) curves. 

 

 

  

 

28 One sample result at Site SS-19 is not depicted  (15,000 mg/kg during on March 26, 2015 ). 
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2.5 DISCUSSION 
 

Prior sampling results suggest a major COC contaminant source, or sources, to sediment was present in 

Butte upstream from the SSTOU in the vicinity of the Slag Canyon  [RESPEC, 2020a]. These sites are 

located upstream from the SSTOU and are no longer sampled under this monitoring program, but prior 

sampling demonstrated that the most severe sediment contamination in Silver Bow Creek routinely 

occurred in that reach.  

Fine fraction (<0.063 mm) sediment concentrations  routinely exceeded sediment reference values in 

2024. Concentrations exceeded the TECs for arsenic, copper, and zinc in all samples; exceeded the 

TECS for cadmium and lead in all but one sample; and exceeded the TEC for mercury in all but two 

samples. Exceedances of the PECs occurred for copper  and zinc in 94 percent of the samples, for 

arsenic in 75 percent of the samples, for cadmium in 69 percent of the samples, for lead in 53 percent of 

the samples, and for mercury in 22 percent of the samples .  
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3.0 GROUNDWATER 

3.1 INTRODUCTION 
This chapter describes groundwater monitoring data collected in 2024 to assess the effectiveness of 

remedial actions implemented in the Streamside Tailings Operable Unit (SSTOU) of the Silver Bow 

Creek/Butte Area National Priorities List site. Data were collected to evaluate the effects of remedial 

actions on groundwater q uality and progress toward attainment of performance goals. Groundwater 

contamination is among the environmental concerns for Silver Bow Creek and may pose a threat to 

human health and the environment. A remediation objective in the SSTOU is to reduce loading of 

contaminants from contaminated floodplain soils to groundwater and surface water.  

3.2 PERFORMANCE GOALS 
The SSTOU Record of Decision (ROD) specifies that the final remediation standards for concentrations 

of contaminants of concern (COC) in groundwater are to ®attain compliance with applicable Circular 

WQB-7 standards, federal MCLs (maximum contaminant level s) and federal nonzero maximum 

contaminant level goals (MCLGs) for all SSTOU groundwater.¯ Moreover, ®the groundwater levels to be 

attained consist of the more stringent of the MCL, any nonzero MCLG, or the WQB -7 human health 

standard for each parameter.¯ While more stringent standards promulgated since the issuance of the 

ROD have not yet been formally adopted as performance standards for this operable unit, this 

monitoring report uses the more stringent of the ROD­s Circular WQB-7 standards [MDHES, 1994] or 

current Montana Departme nt of Environmental Quality (DEQ) Circular DEQ-7 standards [DEQ, 2019a] as 

the goals to be attained for evaluation purposes. The most stringent of these standards for each COC is 

shown in Table 3-1. The DEQ [2019a] human health groundwater standards for non -COC metals are 

summarized in Table 3-2. 

Table 3-1. Comparison of the Montana groundwater standards in July 1994 (effective at the time of issuance of the Streamside 

Tailings Operable Unit Record of Decision) and June 2019 (effective in 2019) for each contaminant of concern. Gray cells identify 

the most restrictive standard. 

Contaminant of Concern 
Human Health Groundwater Standard (mg/L) 

MDHES [1994] DEQ [2019a] 

Arsenic 0.018 0.010 

Cadmium 0.00500 0.00500 

Copper 1.000 1.300 

Lead 0.0150 0.0150 

Mercury 0.00014 0.00200 

Zinc 5.0 2.0 

3.3 METHODS 

The purpose of the groundwater monitoring program is to collect data describing temporal and spatial 

variation in metal and ion concentrations for groundwater in the SSTOU. These data provide a long -term 

record of environmental conditions in the SSTOU. As of 2024, 19 years of SSTOU groundwater data 
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(2006±2024) have been collected under this monitoring program. This long -term record provides data to 

evaluate the effects of remediation on environmental conditions in the SSTOU over time. Perceptible  

improvement s to groundwater quality may require extended  time periods (i.e., decades) following 

completion of remediation within the SSTOU.  

 The groundwater monitoring program attempts to fully adhere to monitoring requirements specified in 

the SSTOU ROD (Table 3-2). 

3.3.1 MONITORING LOCATIONS 
In 2024, monitoring occurred in 10 floodplain well clusters within the SSTOU. Major remediation was 

completed in all portions of the SSTOU as of  2024  (Figure 3-1 through Figure 3-10; Table 3-3). Each 

floodplain well cluster consisted of three wells: two monitoring wells located within the stream floodplain 

and one background well located outside the floodplain and adjacent to the monitoring wells. Well 

cluster locations were selected based on SS TOU ROD requirements (Table 3-2). 

One additional well cluster  is in the vicinity of the SSTOU Mine Waste Relocation Repository (MWRR). The 

repository was developed to contain  approximately 171,900 cubic yards of contaminated soil from 

Reach A of Subarea 1 [EPA, 2011]. The MWRR well cluster consists of five monitoring wells and one 

background well. The background well is located up -gradient from the repository .  

Table 3-2. Minimum post-remedy groundwater monitoring requirements specified in the Record of Decision for the Streamside 

Tailings Operable Unit [DEQ and EPA, 1995]. 

Locations/Physical Analytical Parameters Analytes 

Near Colorado Tailings, Rocker, Silver Bow, 

Nissler, Ramsay Flats, Miles Crossing, 

Fairmont, Crackerville, Stuart, Opportunity, 

STARS in situ treatment areas and every 

repository location. 

Metals (dissolved) 
Arsenic, cadmium, copper, lead, mercury, 

zinc 

Common ions 
Calcium, magnesium, sodium, potassium, 

chloride, sulfate 

Physical properties 

Temperature, acidity (pH), oxidation-

reduction potential (Eh), conductance, 

dissolved oxygen concentration 
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Table 3-3. Sampling locations for groundwater monitoring in the Streamside Tailings Operable Unit. 

Well Cluster Well I.D. Well Purpose 
Location (GPS Coordinates, NAD 83) 

Latitude Longitude 

Mine Waste Relocation 

Repository 

1GW-1056 Monitoring 46.00263 Ø112.58615 

LYP-07 Monitoring 46.00264 Ø112.58483 

MW-2A Background 46.00386 Ø112.58114 

MW-2B Monitoring 46.00223 Ø112.58350 

MW-2C Monitoring 46.00215 Ø112.58451 

MW-2D Monitoring 46.00223 Ø112.58577 

Colorado Tailings 

GW-1010R Background 46.00080 -112.57703 

GW-WG-SS Floodplain 46.00004 -112.58466 

GW-WG-NS Floodplain 46.00039 -112.58415 

Rocker 

GW-RK-BG Background 46.00483 Ø112.62020 

MW-10 Floodplain 46.00447 Ø112.61734 

MW-01 Floodplain 46.00368 -112.61511 

Nissler 

GW-1003R Background 46.00513 Ø112.63010 

1GW-1004A Floodplain 46.00307 Ø112.63343 

P-58A Floodplain 46.00211 Ø112.63355 

Silver Bow  

P-39R Floodplain 46.00440 Ø112.66235 

P-37A Floodplain 46.00449 Ø112.66112 

P-114 Background 46.00508 Ø112.65941 

Ramsay Flats 

GW-RM-BG Background 45.99889 Ø112.69417 

GW-RM-NS Floodplain 46.00262 Ø112.69513 

GW-RM-SS Floodplain 46.00193 Ø112.69477 

Miles Crossing 

GW-MC-NS Floodplain 46.01180 Ø112.72375 

GW-MC-SS Floodplain 46.01149 Ø112.72392 

GW-MC-BG Background 46.01219 Ø112.71983 

Fairmont 

GW-FM-ES Floodplain 46.04400 Ø112.79692 

GW-FM-WS Floodplain 46.04510 Ø112.79601 

GW-FM-BG Background 46.04711 Ø112.79700 

Crackerville 

GW-CR-ES Floodplain 46.06211 Ø112.79942 

GW-CR-WS Floodplain 46.06196 Ø112.79980 

GW-CR-BG Background 46.06112 Ø112.79994 

Opportunity (near 

Stuart) 

GW-ST-ES Floodplain 46.07975 Ø112.80107 

GW-ST-WS Floodplain 46.08053 Ø112.80146 

GW-ST-BG Background 46.07939 Ø112.79810 

Frontage Road 

GW-FR-ES Floodplain 46.12223 Ø112.80167 

GW-FR-WS Floodplain 46.12250 Ø112.80225 

GW-FR-BG Background 46.12263 Ø112.80268 
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Figure 3-1. Groundwater monitoring wells in the Mine Waste Relocation Repository and Colorado Clusters of the Streamside Tailings 

Operable Unit. 
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Figure 3-2. Groundwater monitoring wells in the Rocker Cluster of the Streamside Tailings Operable Unit. 
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Figure 3-3. Groundwater monitoring wells in the Nissler Cluster of the Streamside Tailings Operable Unit. 

 



























































































































































http://www.deq.mt.gov/wqinfo/Standards/default.mcpx
https://deq.mt.gov/files/Land/LUST/Documents/downloadables/GWSamplingGuidance-FINAL.pdf
https://deq.mt.gov/files/Water/WQPB/Standards/PDF/DEQ7/DEQ-7.pdf
https://deq.mt.gov/files/Water/WQPB/QAProgram/Documents/SOP_ChemistrySampling_WQDWQPBFM-02_2019_Final.pdf
https://deq.mt.gov/files/Water/WQPB/QAProgram/Documents/SOP_ChemistrySampling_WQDWQPBFM-02_2019_Final.pdf
http://www.epa.gov/superfund/sites/rods/fulltext/r0896112.pdf
http://www.epa.gov/superfund/sites/rods/fulltext/e0898116.pdf
http://www.epa.gov/caddis/pdf/Metals_Sampling_EPA_method_1669.pdf
http://www.epa.gov/superfund/sites/fiveyear/f2011080004074.pdf


https://semspub.epa.gov/work/08/1282724.pdf
http://www.epa.gov/superfund/sites/fiveyear/f2011080004074.pdf
https://www.clu-in.org/download/char/nfesc_dp_well_eval.pdf
http://water.usgs.gov/owq/FieldManual/chapter5/pdf/5.6.4.B_v1.0.pdf.


http://water.usgs.gov/owq/FieldManual/chapter4/pdf/Chap4_v2.pdf
https://waterdata.usgs.gov/monitoring-location/12323250
https://waterdata.usgs.gov/monitoring-location/12323600















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































