
 

 

 

 

PREPARED FOR: 

HAZARDOUS MATERIALS AND WASTE 

MANAGEMENT DIVISION 

OF THE 

COLORADO DEPARTMENT OF PUBLIC 

HEALTH AND ENVIRONMENT 

 

 

 

 

 

 

STANDARD 

MINE 

INTERIM 

MONITORING 

PROGRAM 

 

WATER YEAR 2019 

ANNUAL REPORT 
 

SEPTEMBER 2020 

 

PREPARED BY: 

 

COAL CREEK WATERSHED COALITION 

 



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

i 

CONTENTS 
List of Abbreviations and Acronyms ............................................................................................................. v 

1.0 Introduction ..................................................................................................................................... 1 

1.1 Project Objectives and Problem Definition ........................................................................ 1 

2.0 Sample Collection Activities ............................................................................................................. 2 

3.0 Contextual Data for Water Year 2019 ............................................................................................. 3 

3.1 Level 1 Bulkhead Operations .............................................................................................. 3 

3.2 Precipitation ........................................................................................................................ 4 

3.3 Stream Flow ........................................................................................................................ 5 

3.4 Historical Water Quality in Elk Creek .................................................................................. 6 

4.0 Data Review and Quality Control ..................................................................................................... 7 

4.1 Deviations From Interim Monitoring Plan .......................................................................... 7 

4.2 Field Quality Control Samples ............................................................................................. 8 

4.2.1 Assessment of Field Contamination (Field Blanks) ................................................. 8 

4.2.2 Assessment of Field Variability (Field Duplicates) .................................................. 8 

4.2.3 Data Validation ....................................................................................................... 8 

5.0 Data Analysis Methods .................................................................................................................. 10 

5.1 Water Quality Standards Evaluation ................................................................................. 10 

5.2 Loading Calculations ......................................................................................................... 11 

5.2.1 Stream flow ........................................................................................................... 11 

5.2.2 Metal Concentrations ........................................................................................... 11 

5.2.3 Metal Loads .......................................................................................................... 11 

6.0 2019 Monitoring Results ................................................................................................................ 12 

6.1 Grab Sample Results ......................................................................................................... 12 

6.2 Water Quality Standards Evaluations ............................................................................... 13 

6.2.1 July 16, 2019 Grab Samples .................................................................................. 13 

6.2.2 September 18, 2019 Grab Samples ...................................................................... 15 

6.2.3 MiniSipper Water Quality Standards Evaluations ................................................ 17 



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

ii 

6.2.4 Elk Creek Downstream of Standard Mine (ELK-08) .............................................. 17 

6.2.5 Elk Creek Upstream of the Confluence with Coal Creek (ELK-00) ........................ 22 

6.2.6 Water Quality Standards Summary ...................................................................... 27 

6.2.7 Comparison of Standards Attainment Between Water Years 2018 and 2019 ..... 28 

6.3 MiniSipper Metal Loads .................................................................................................... 29 

6.3.1 Elk Creek Downstream of Standard Mine (ELK-08) .............................................. 29 

6.3.2 ELK Creek Upstream of the Confluence with Coal Creek (ELK-00) ....................... 31 

6.3.3 Cumulative Metal Loads in Elk Creek Downstream of the Standard Mine (ELK-08)
 34 

6.3.4 Cumulative Metal Loads in Elk Creek Upstream of the Confluence with Coal 
Creek (ELK-00) ................................................................................................................... 37 

6.3.5 Comparison of Loading At ELK-00 Between Water Years 2018 and 2019............ 40 

7.0 Recommendations ......................................................................................................................... 43 

8.0 Conclusions .................................................................................................................................... 43 

9.0 References Cited ............................................................................................................................ 44 

Appendix A: Level 1 Bulkhead Valve Opening- Summary of Monitoring & Water Treatment Activities  .. 45 

Appendix B: 2019 Grab Sample Field Forms ............................................................................................... 46 

Appendix C: 2019 Grab Sample Laboratory Results ................................................................................... 47 

 

LIST OF TABLES 
Table 1. Metal concentrations in Elk Creek upstream of Coal Creek from April to June in 2010 to 2015. .. 6 
Table 2. Metal concentrations in Elk Creek upstream of Coal Creek from July to March in 2010 to 2015. . 7 
Table 3. Metal concentrations and relative percent differences (RPD) in paired grab and MiniSipper 
samples collected during water year 2019. ................................................................................................ 10 
Table 4. Summary of grab sample results collected from the Standard Mine Site on July 16 and 
September 18, 2019. ................................................................................................................................... 13 
Table 5. Standards evaluation of grab samples collected from Elk Creek on July 16, 2019. Locations 
presented from upstream to downstream.. ............................................................................................... 14 
Table 6. Standards evaluation of grab samples collected from Elk Creek on September 18, 2019. 
Locations presented from upstream to downstream. ................................................................................ 16 
Table 7. Water quality standards attainment by location in Elk Creek and in Segment 11- Elk Creek. ..... 27 
 

LIST OF FIGURES 
Figure 1. Water sample locations and mine site features at the Standard Mine site (HDR, 2018). ............. 3 



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

iii 

Figure 2. Snow water equivalent in inches at the Schofield Pass SNOTEL site (#737) in 2018, 2019, and 
the 2010 to 2018 monthly medians. ............................................................................................................. 4 
Figure 3. Precipitation in inches at the Schofield Pass SNOTEL site (#737) in 2018, 2019 and the 2010 to 
2018 monthly medians. ................................................................................................................................ 5 
Figure 4. Snow water equivalent in inches as measured at the Schofield Pass SNOTEL site (#737) and 
stream flow in Elk Creek near the confluence with Coal Creek (ELK-00). ..................................................... 5 
Figure 5. Dissolved cadmium concentrations, as measured in MiniSippers and grab samples at ELK-08, 
and acute and chronic aquatic life standards. ............................................................................................ 17 
Figure 6. Dissolved copper concentrations, as measured in MiniSippers and grab samples at ELK-08, and 
acute and chronic aquatic life standards. ................................................................................................... 18 
Figure 7. Dissolved lead concentrations, as measured in MiniSippers and grab samples at ELK-08, and 
acute and chronic aquatic life standards. ................................................................................................... 19 
Figure 8. Dissolved zinc concentrations, as measured in MiniSippers and grab samples at ELK-08, and 
acute and chronic aquatic life standards. ................................................................................................... 20 
Figure 9. Dissolved manganese concentrations, as measured in MiniSippers and grab samples at ELK-08, 
and the water supply standard. .................................................................................................................. 21 
Figure 10. Dissolved cadmium concentrations, as measured in MiniSippers and grab samples at ELK-00, 
and acute and chronic aquatic life standards. ............................................................................................ 22 
Figure 11. Dissolved copper concentrations, as measured in MiniSippers and grab samples at ELK-00, and 
acute and chronic aquatic life standards. ................................................................................................... 23 
Figure 12. Dissolved lead concentrations, as measured in MiniSippers and grab samples at ELK-00, and 
acute and chronic aquatic life standards. ................................................................................................... 24 
Figure 13. Dissolved zinc concentrations, as measured in MiniSippers and grab samples at ELK-00, and 
acute and chronic aquatic life standards. ................................................................................................... 25 
Figure 14. Dissolved iron concentrations, as measured in MiniSippers and grab samples at ELK-00, and 
the water supply standard. ......................................................................................................................... 26 
Figure 15. Dissolved manganese concentrations, as measured in MiniSippers and grab samples at ELK-
00, and the water supply standard. ............................................................................................................ 27 
Figure 16. Aquatic life standards attainment rates at ELK-08 by water year. ............................................ 28 
Figure 17. Aquatic life standards attainment rates at ELK-00 by water year. ............................................ 28 
Figure 18. Measured and interpolated dissolved cadmium loads and stream flow at ELK-08. ................. 29 
Figure 19. Measured and interpolated dissolved copper loads and stream flow at ELK-08. ..................... 29 
Figure 20. Measured, interpolated, and estimated dissolved lead loads and stream flow at ELK-08. ...... 30 
Figure 21. Measured and interpolated dissolved zinc loads and stream flow at ELK-08. .......................... 30 
Figure 22. Measured, interpolated, and estimated dissolved manganese loads and stream flow at ELK-
08. ............................................................................................................................................................... 31 
Figure 23. Measured and interpolated dissolved cadmium loads and stream flow at ELK-00. ................. 31 
Figure 24. Measured and interpolated dissolved copper loads and stream flow at ELK-00. ..................... 32 
Figure 25. Measured, interpolated, and estimated dissolved lead loads and stream flow at ELK-00. ...... 32 
Figure 26. Measured and interpolated dissolved zinc loads and stream flow at ELK-00. .......................... 33 
Figure 27. Measured, interpolated, and estimated dissolved manganese loads and stream flow at ELK-
00. ............................................................................................................................................................... 33 
Figure 28. Cumulative dissolved cadmium and stream flow at ELK-08. ..................................................... 34 
Figure 29. Cumulative dissolved copper and stream flow at ELK-08. ......................................................... 35 
Figure 30. Cumulative dissolved lead and stream flow at ELK-08. ............................................................. 35 
Figure 31. Cumulative dissolved zinc and stream flow at ELK-08. .............................................................. 36 
Figure 32. Cumulative dissolved manganese and stream flow at ELK-08. ................................................. 36 



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

iv 

Figure 33. Cumulative dissolved cadmium and stream flow at ELK-00. ..................................................... 37 
Figure 34. Cumulative dissolved copper and stream flow at ELK-00. ......................................................... 38 
Figure 35. Cumulative dissolved lead and stream flow at ELK-00. ............................................................. 38 
Figure 36. Cumulative dissolved zinc and stream flow at ELK-00. .............................................................. 39 
Figure 37. Cumulative dissolved manganese and stream flow at ELK-00. ................................................. 39 
Figure 38. Cumulative annual dissolved cadmium load by water year at ELK-00. ..................................... 40 
Figure 39. Cumulative annual dissolved copper load by water year at ELK-00. ......................................... 41 
Figure 40. Cumulative annual dissolved lead load by water year at ELK-00. ............................................. 41 
Figure 41. Cumulative annual dissolved zinc load by water year at ELK-00. .............................................. 42 
Figure 42. Cumulative annual dissolved manganese load by water year at ELK-00. .................................. 42 
 
Cover photo: Elk Creek upstream of the confluence with the Standard Mine Level 1 outfall, looking 
downstream toward the confluence of the Level 1 Outfall and Elk Creek. Photo credit: Ashley Bembenek, 
September 2019.  



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

v 

LIST OF ABBREVIATIONS AND ACRONYMS 

CCWC: Coal Creek Watershed Coalition 

CDPHE: Colorado Department of Public Health and Environment 

CLP: Contract Laboratory Program 

COPCs: Chemicals of Potential Concern 

DRMS: Division of Reclamation, Mining, and Safety 

DQO: Data Quality Objectives 

EPA: Environmental Protection Agency 

HDR: HDR, Inc 

MDL: Method Detection Limit 

MEMC: Mount Emmons Mining Company 

mg/L: micrograms per liter 

NA: Not available or Not applicable 

QA-QC: Quality Assurance, Quality Control 

RA: Remedial Action 

ROD: Record of Decision 

SAP-QAP: Sampling and Analysis Plan-Quality Assurance Plan 

ug/L: micrograms per liter 

USFS: United States Forest Service 

USGS: United States Geological Survey 

WQCC: Water Quality Control Commission 

WQCD: Water Quality Control Division 

WQS: Water Quality Standards 



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

1 

1.0 INTRODUCTION 

In 2017 the Environmental Protection Agency (EPA) completed the Phase 1 Remedial Action (RA) at the 
Standard Mine Superfund Site (Site). The Standard Mine Interim Monitoring Program (SMIMP) began in 
late 2017 and will continue for three to five years. This annual report summarizes the surface water 
monitoring activities that occurred in 2019 and evaluates water quality data relative to project 
objectives. 

1.1 PROJECT OBJECTIVES AND PROBLEM DEFINITION 

The Site’s record of decision (ROD) anticipated that the Phase 1 RA would decrease concentrations 
contaminants of potential concern (COPC) in Elk Creek to facilitate attainment of aquatic life standards 
for cadmium, copper, lead, and zinc, and to attain the water supply standards for iron and manganese, 
hereto referred to as water quality standards (WQS). If the WQS for Elk Creek are not attained by the 
end of the three to five-year interim monitoring period, then Phase 2 RA, passive water treatment, will 
be considered. 

Objective 1: Evaluate whether cadmium, copper, lead, zinc, iron, and manganese concentrations in Elk 
Creek attain WQS. 

The steps to accomplish objective 1 are summarized below. 

• Collected weekly and daily samples with MiniSippers. MiniSippers are automated sample 
collection devices developed by the USGS. MiniSippers allow for high-frequency, long-duration 
water quality sample collection. MiniSippers were installed at three locations in Elk Creek (a 
map is provided on Figure 1 in Section 2.0). 

o ELK-08: Elk Creek downstream of the Standard Mine and upstream of the confluence 
with the Copley Lake drainage  

o ELK-05: Elk Creek downstream of the confluence with the Copley Lake drainage. 

o ELK-00: Elk Creek near the mouth upstream of the confluence with Coal Creek. 

o MiniSippers were also installed in Level 1 at the Bypass Adit and in Level 3 to support 
the potential design of a passive treatment system by characterizing the chemistry of 
influent but are not the subject of this report and will not be discussed further. 

• Collected grab samples in July and September. On July 16 and September 18, 2019, grab 
samples were collected from four locations in Elk Creek (ELK-11, ELK-08, ELK-05, and ELK-00) and 
at four locations in or adjacent to the Level 1 and Level 3 adits (Level 1 Outfall, Level 3 Mine 
Discharge, Level 1 at Bulkhead, and Leve1 at the Bypass Adit). Grab samples are used to validate 
metal concentrations measured in the MiniSipper samples. Field parameters including pH, 
specific conductance, water temperature, and dissolved oxygen were measured during sample 
collection. Flow was measured at all grab sample locations. 

• Evaluated correlation between the grab and MiniSipper samples. The Sampling and Analysis 
Plan-Quality Assurance Plan (SAP-QAP) for the Site defines strong correlation as a relative 
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percent difference (RPD) 20 percent or less, but allows for professional judgment based on 
principles similar to those provided in the National Functional Guidelines for Inorganic 
Superfund Methods Data Review (EPA, 2017). If there is not strong correlation between the grab 
and MiniSipper samples, the MiniSipper data will not be evaluated relative to WQS. 

• Used Water Quality Control Commission (WQCC) Regulations 311 and 352,3 and the WQCD 
303(d) Listing Methodology4 to assess WQS attainment. The applicable WQS for Elk Creek are 
provided in Regulations 31 and 35. The methods used to evaluate WQS attainment for Elk Creek 
are provided in the WQCD 303(d) Listing Methodology. 

Objective 2. Summarize flow and precipitation data. The ROD specified that the interim monitoring 
period would last for three to five years. Data collected during the first three years of the interim 
monitoring period will be used to determine the actual duration of the interim monitoring period. In 
addition to the data collected for objective 1, the following factors will be considered: 

• Hydrologic context. Hydrologic context refers to the annual water flows each year relative to all 
years within the period of record. Downstream gages were used to characterize hydrologic 
conditions from 2010 to 2018. 

• Climatic context. Climatic context refers to the annual snowpack and precipitation patterns 
each year relative to all years within the period of record. Data from the Schofield Pass SNOTEL 
site were used to characterize snowpack and precipitation from 2010 to 2018. 

2.0 SAMPLE COLLECTION ACTIVITIES 

MiniSippers were deployed at five locations: LEVEL-3, 
LEVEL-1, ELK-00, ELK-05, and ELK-08 (Figure 1). Field staff 
replaced and deployed MiniSippers on July 16 and 
October 15, 2019. MiniSipper samples were submitted to 
the ESAT laboratory after the samples were extracted by 
USGS staff. MiniSipper samples from the October 2018 
to July 2019 deployment were analyzed at the ESAT 
laboratory in January and February 2020. MiniSipper 
samples from the July 2019 to October 2019 deployment 
were submitted to the ESAT laboratory in late June 2020.  

On July and 16 and September 18, 2019, field staff 
collected water quality grab samples, flow measurements, and field parameters per the terms of the 
SAP-QAP. Grab samples were submitted to the ESAT laboratory immediately following sample 
collection. The grab sample locations are identified in Figure 1. 

 

1 Regulation 31 provides the basic standards and methods for surface water. 
2 Regulation 35 identifies the water uses and standards applied in the Gunnison Basin, where Elk Creek is located. 
3 Regulations 31 and 35 are available at: https://www.colorado.gov/pacific/cdphe/water-quality-control-commission-
regulations 
4 The 303(d) Listing Methodology defines the techniques used to evaluate water quality data to support WQS evaluations and is 
available at: https://drive.google.com/file/d/1jlgq37fgFV5MpUC3HPA5misOmvhKeMrZ/view 

Photo 1. USGS flume at ELK-00 on July 9, 2019. 
Snow cover on the Standard Mine access road 
prevented access to the Site as late as July 9, 
2019. 
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Figure 1. Water sample locations and mine site features at the Standard Mine site (HDR, 2018). 

 

3.0 CONTEXTUAL DATA FOR WATER YEAR 2019 

3.1 LEVEL 1 BULKHEAD OPERATIONS 

The bulkhead was closed from April 12 to October 9, 2018 to test bulkhead performance. On October 9, 
2018, the bulkhead was opened to allow impounded water to drain from the mine workings. During the 
release, the valve was periodically adjusted to maintain a flow of approximately 40 gallons per minute. 
By November 13, 2018 all impounded water had been discharged. Approximately 1,250,000 gallons of 
water drained from the bulkhead during the discharge. The valve was not closed and remained open 
throughout 2019. HDR monitored field parameters, managed treatment activities in the settling ponds, 
and collected water quality samples during the discharge event. HDR summarized these activities in a 
brief memo (HDR, 2018, Appendix A).  
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3.2 PRECIPITATION 

The nearest comparable Natural Resource Conservation Service SNOTEL site, Schofield Pass5, was used 
to characterize precipitation patterns at the Site. In water year 2019, the Schofield Pass site recorded 
54 inches of precipitation which is the seventh wettest year on record for the Schofield Pass site6. 
Water year 2019 was characterized by above average precipitation from March to June 2019 and below 
average precipitation from July to August. 

In October 2018, Schofield Pass had a snow water equivalent (SWE) of 0 inches which is on par with the 
2010 to 2018 median SWE for October (Figure 2). In November and December, more SWE accumulated 
than the 2010 to 2018 median. In January and February 2019, the SWE tracked with the 2010 to 2018 
median. From March to June 2019, SWE accumulation was well above the 2010 to 2018 median. In 2019 
the peak SWE was recorded on April 9, 2019 at 50.6 inches (Figure 2). The 2019 peak SWE was nearly 
double the 2018 peak SWE. The snowpack at Schofield Pass had melted by July 4,2019, which is several 
weeks later than a median year type, but comparable to other years with large snowpacks. 

Figure 2. Snow water equivalent7 in inches at the Schofield Pass SNOTEL site (#737) in 2018, 2019, 
(values reported on chart) and the 2010 to 2018 monthly medians. 

 

Monthly precipitation totals in May and June 2019 were well-above the 2010 to 2018 median (Figure 3). 
In July, August, and September monthly precipitation was well-below the 2010 to 2018 median. 

  

 

5. The Schofield Pass SNOTEL site is located near Emerald Lake at an elevation of 10,700 feet. 
https://wcc.sc.egov.usda.gov/nwcc/site?sitenum=737 
6 The period of record for the site is 34 years from September 30, 1985 to present. 
7 The snow water equivalent values reported in Figure 2 are the first of the month totals. 
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Figure 3. Precipitation in inches at the Schofield Pass SNOTEL site (#737) in 
2018, 2019 (values reported on chart) and the 2010 to 2018 monthly 
medians. 

 

3.3 STREAM FLOW 

Elk Creek is a snowmelt driven stream. In 2019, snow water equivalent peaked in late April and stream 
flow peaked on June 13, 2019 at 39.4 cfs (Figure 5). Grab sample collection occurred on July 16, 2019 
approximately four weeks after the peak flow was measured at the Elk Creek flume. It is important to 
note that the late season snowpack prevented access to the Site in June. Based on field reconnaissance, 
the Standard Mine Road remained impassable until at least July 9, 2019, where drifted snow near the 
repository was still too deep for vehicle travel. Grab sample collection also occurred on September 18, 
2019 and was characteristic low flow conditions. Winter stream flow rates were estimated based on 
watershed area, see Section 5.2.1 for additional details. 

Figure 4. Snow water equivalent in inches as measured at the Schofield Pass 
SNOTEL site (#737) and stream flow in Elk Creek near the confluence with Coal 
Creek (ELK-00). 
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3.4 HISTORICAL WATER QUALITY IN ELK CREEK 

In 2008 and 2009 tailings were removed from Elk Creek and the riparian area was restored. The effort 
improved water quality in Elk Creek, thus it was necessary to summarize additional data (i.e. data 
collected after restoration) to characterize water quality in Elk Creek prior to the Phase I RA. 

CCWC sampled Elk Creek upstream of the confluence with Coal Creek (ELK-00) four to five times per 
year from 2010 to 2015. Table 1 summarizes water quality from April to June and Table 2 summarizes 
water quality from July to March. Section 6.2.6 includes a comparison of metal concentrations measured 
in 2018 to the concentrations measured between 2010 and 2015. 

Section 6.2 uses the term “historical” concentrations to refer to the concentrations measured in Elk 
Creek from 2010 to 2015. 

Table 1. Metal concentrations in Elk Creek upstream of Coal Creek from April to June 2010 
to 2015. 

 

  

MDL
3

MRL
4

Minimum
5 Average 85th percentile Maximum n

6

0.1 0.2 1.07 1.08 1.37 1.45 9

0.5 2 2.2 2.94 4.42 4.71 9

0.1 0.1 <0.1 0.63 1.81 2.21 9

10 20 241 256 325 334 9

100 250 9

2 5 <2 11 23 23 9

Notes

6. n= number of samples

7. Dissolved iron was less than 100 ug/L in all samples collected from ELK-00.

1. Estimated results (i.e. MDL < X < MRL or J data) were used in the summary tables and to 

calculate statistics.

4. MRL= Method reporting limit. MRL is typically two to ten times the MDL and represents the 

minimum concentration that can be reported with greater than 99% confidence.

5. Where <X is reported the analyte was not detected in the majority of the results and the value 

of the MDL is presented.

2. All samples were collected prior to Phase I remediation in April, May, or June from 2010 to 

3. MDL= Method detection limit. MDL is the lowest concentration at which the instrument can 

identify an analyte.

Dissolved manganese

Dissolved zinc

Dissolved iron
7

<100

Dissolved lead

Dissolved cadmium

Dissolved copper

Summary concentrations measured from April to June 2010-2015 in ug/L

Contaminant of 

Concern
Elk Creek at Mouth (ELK-00)

1,2
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Table 2. Metal concentrations in Elk Creek upstream of Coal Creek from July to March in 
2010 to 2015. 

 

4.0 DATA REVIEW AND QUALITY CONTROL 

Field staff calibrated equipment and used the protocols identified in the 2019 SAP-QAP to collect the 
samples presented in this analysis. Holding times were met for all grab samples. MiniSipper samples 
were processed and submitted for analysis. However, the long deployment time and delays in 
submission to the laboratory prevented MiniSipper samples from attaining the holding time (i.e. first 
MiniSipper samples were collected in October 2018 and submitted for laboratory analysis in January 
2020, which exceeds the 6-month holding time for acidified dissolved metals samples). This issue was 
anticipated and is one of the reasons grab samples are used to corroborate MiniSipper samples. 

4.1 DEVIATIONS FROM INTERIM MONITORING PLAN 

The list below summarizes deviations from the interim monitoring plan. 

• The 2019 SAP-QAP called for bi-weekly (i.e. every other week) sampling. The MiniSippers 
collected samples at other frequencies. The sample frequencies were not consistent between 
locations in Elk Creek. 

• The MiniSipper deployed at ELK-05 from October 2018 to July 2019 was transported 
downstream during peak flows. The MiniSipper was recovered from a downstream location in 
Elk Creek in October 2019. The ELK-05 MiniSipper samples were processed by USGS in the fall of 

MDL3 MRL4 Minimum5 Average 85th percentile Maximum n6

0.1 0.2 0.94 1.12 1.37 1.38 14

0.5 2 <2 <2 4.03 4.67 14

0.1 0.1 1.9 14

10 20 184 244 308 326 14

100 250 113 14

2 5 <2 <2 4.46 5.77 14

Notes

6. n= number of samples

7. In 11 of 14 samples dissolved lead was less than 0.1 ug/L at ELK-00.

8. In 13 of 14 samples dissolved iron was less than 100 ug/L at ELK-00.

9. In 9 of 14 samples dissolved manganese was less than 2 ug/L at ELK-00.

1. Estimated results (i.e. MDL < X < MRL or J data) were used in the summary tables and to 

calculate statistics.

4. MRL= Method reporting limit. MRL is typically two to ten times the MDL and represents the 

minimum concentration that can be reported with greater than 99% confidence.

5. Where <X is reported the analyte was not detected in the majority of the results and the value 

of the MDL is presented.

3. MDL= Method detection limit. MDL is the lowest concentration at which the instrument can 

identify an analyte.

2. All samples were collected prior to Phase I remediation between July and March from 2010 to 

2015.

Dissolved manganese9

Dissolved zinc

Dissolved iron8 <100

Dissolved lead
7

<0.1

Dissolved cadmium

Dissolved copper

Summary concentrations measured from July to March 2010-2015 in ug/L

Contaminant of 

Concern
Elk Creek at Mouth (ELK-00)1,2
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2019 and submitted to the laboratory for analysis in June 2020. Due to contamination following 
downstream transport, submersion after downstream transport, and excess holding times, the 
data were rejected (see Section 4.2.3 for additional discussion). 

• MiniSipper samples collected at ELK-08, ELK-05, and ELK-00 from the July to October 2019 
deployment were collected and processed as planned. But the samples were misplaced which 
delayed laboratory analysis. The samples were found in early 2020, but pandemic related safety 
closures at both the USGS and ESAT laboratories prevented analysis until late July 2020.  

4.2 FIELD QUALITY CONTROL SAMPLES 

Field blanks and field duplicates were preserved, packaged, and sealed in the same manner as other 
water quality grab samples. A unique location ID, ELK-121, was assigned to each field blank. Due to the 
location ID, the field blank is a blind sample. 

4.2.1 ASSESSMENT OF FIELD CONTAMINATION (FIELD BLANKS) 

All parameters measured in the field blanks collected on July 16, 2019 and September 18, 2019 were 
less than the respective method detection limit (MDL). Thus, it was not necessary to qualify any data 
due to field contamination. 

4.2.2 ASSESSMENT OF FIELD VARIABILITY (FIELD DUPLICATES) 

On July 16, 2019, a field duplicate was collected from ELK-08. The relative percent difference for all 
parameters were less than the QA-QC criterion (i.e. 20%). No results were qualified or omitted from the 
data set based on the field duplicate results. 

On September 18, 2019, a field duplicate was collected from LEVEL-3. The relative percent difference for 
total iron, total lead, and total copper were 64, 27, and 25%, respectively which is greater than the QA-
QC criterion (i.e. > 20%, EPA, 2017). No results were qualified or omitted from the data set based on the 
field duplicate results because the field form noted that flows at LEVEL-3 were less than 1 gallon per 
minute. These low flows, coupled with the sample equipment can introduce increased variability in the 
sample (e.g. sediment introduced into the water sample during collection process).To prevent this issue 
in the future, field staff will be reminded to collect grab samples from deeper pools, areas without fine-
grained sediment, and to use the syringe to fill the total metal bottle where water depths prevent 
submersion of the neutral sample bottle without touching the channel-bottom. 

4.2.3 DATA VALIDATION 

Grab water quality samples were validated based on the results of the field blanks and field duplicate 
samples. As discussed above, it was not necessary to qualify or reject any data as a result of the field 
blanks and field duplicates. 

The MiniSipper samples were validated through a detailed review process. The first one to three 
samples collected following deployment were rejected due to coil conditioning issues. The last one to 
three samples were rejected due to dilution by the carrier. The percent change from sample to sample 
was calculated for each metal, where the percent change was greater than +/- 20 percent for multiple 
metals in the sample, the sample was rejected due to suspected contamination. Metal concentrations in 
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adjacent samples and the range of concentrations measured at a given location were also considered in 
the data validation process. In general, data were not rejected unless multiple metals indicated potential 
contamination. 

• At ELK-08, a MiniSipper was deployed from October 1, 2018 to July 15, 2019. During that period, 
110 samples were collected. 12 MiniSipper samples from this deployment period were rejected 
due to potential contamination. The MiniSipper deployed at ELK-08 collected 34 samples from 
July 16, 2019 to October 15, 2019. All of the MiniSipper samples from the summer to fall 
deployment were rejected because of either coil conditioning issues (e.g. first 1 to 3 samples in 
the deployment), carrier dilution issues (e.g. last 1 to 3 samples in the deployment) and/or the 
laboratory qualified several results as estimated due to a lack of accuracy and precision in the 
sample set. Additionally, the RPD for the grab-MiniSipper pair exceeded 20% for hardness, 
dissolved cadmium, lead, and zinc (Table 3). The annual report includes 98 valid MiniSipper 
samples from ELK-08. 

• At ELK-05, the MiniSipper that was deployed over the winter (i.e. October 2018 to July 2019) 
was lost during the 2019 runoff season. The ELK-05 MiniSipper was recovered in October 2019. 
Nineteen samples were analyzed during the overwinter deployment. The overwinter samples 
from ELK-05 were rejected due to potential contamination from one or more of the following 
issues: downstream transport, time in-stream following downstream transport, longer than 
expected hold time, and the laboratory qualified all of the results as estimated due to a lack of 
accuracy and precision in the sample set. The MiniSipper deployed at ELK-05 collected 6 samples 
from July 16, 2019 to October 15, 2019. These samples were also rejected due to longer than 
expected hold time and the laboratory qualified all the results as estimated due to a lack of 
accuracy and precision in the sample set. The annual report includes 0 valid MiniSipper 
samples from ELK-05. 

• At ELK-00, a MiniSipper was deployed from October 1, 2018 to July 15, 2019. During that period, 
142 samples were collected. 10 MiniSipper samples from this deployment period were rejected 
due to potential contamination (7 of the first samples were rejected due to coil conditioning 
issues and/or inconsistent percent change- all of these samples were collected prior to the 
bulkhead opening, 3 of the last samples were rejected due to carrier sample dilution). The 
MiniSipper deployed at ELK-00 collected 12 samples from July 16, 2019 to October 15, 2019. All 
of the MiniSipper samples from the summer to fall deployment were rejected because of either 
coil conditioning issues (e.g. first 1 to 3 samples in the deployment), carrier dilution issues (e.g. 
last 1 to 3 samples in the deployment) and/or the laboratory qualified several results as 
estimated due to a lack of accuracy and precision in the sample set. The annual report includes 
129 valid MiniSipper samples from ELK-00. 

The MiniSipper samples are 5-10 mL and do not meet the minimum volume requirements for WQS 
evaluation without additional data validation measures. Thus, 250 mL grab samples are used to validate 
the MiniSipper results to allow for WQS evaluation. 

On July 16, 2019, the MiniSippers were exchanged on the same day that the grab samples were 
collected. As mentioned above, coil conditioning issues typically invalidate the first one to three 
MiniSipper samples. Thus, it was not possible to validate the MiniSipper samples using the grab sample 
results from July 16, 2019. During the “low flow” event, grab samples were collected on September 18, 
2019 prior to MiniSipper exchange on October 15, 2019. This gap between grab sampling and 
MiniSipper exchange should allow for sample validation. 
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Table 3. Metal concentrations and relative percent differences (RPD) in paired grab and MiniSipper samples 
collected during water year 2019. 

 

5.0 DATA ANALYSIS METHODS 

The sections below summarize the data analysis approach used in this report. The analysis included 
validated data only. Section 4.2.3 summarizes the data validation process. 

5.1 WATER QUALITY STANDARDS EVALUATION 

The data were assessed using the aquatic life standards for cadmium, copper, lead, and zinc and water 
supply standards for iron and manganese, referred to as WQS. The aquatic life standards were 
calculated using the paired hardness concentrations8. The water supply standards were evaluated using 
the 30-day average concentrations. Both grab samples and MiniSipper samples were evaluated against 
WQS. 

This report presents the standards assessments in summary tables and charts. Aquatic life standards are 
hardness-dependent and use logarithmic equations. As a result, small fluctuations in hardness 
concentrations can cause the value of the WQS to vary substantially and independently from metal 
concentrations. 

The WQS evaluation includes estimated sample concentrations per the 303(d) Listing Methodology9. 
Where metal concentrations were less than the MDL, the result was treated as a “0” during the WQS 
evaluation. These results are plotted on the WQS chart as ½ the MDL (green circles). This process allows 
less than MDL results to appear on the chart and is consistent with the process used to calculate metal 
loads (see section 5.2.2). Interpolated results were not evaluated against WQS. 

 

8 At page 22 the 303(d) Listing Methodology states that paired hardness evaluations are more representative than percentile-
based evaluations. 
9 See page 21 of the 303(d) Listing Methodology. 

Location:

Date:

Sample type: Grab MiniSipper
1

RPD
2

Grab MiniSipper RPD Grab MiniSipper RPD Grab MiniSipper RPD Grab MiniSipper
4

RPD Grab MiniSipper RPD

Hardness (mg/L) 37 19 64% 114 75 41% 43 35 21% 70

Dissolved cadmium (ug/L) 2.40 2.88 18% 6.00 4.50 29% 1.07 1.04 3% 0.81

Dissolved copper (ug/L) 5.06 6.66 27% 1.84 1.96 6% 2.18 3.66 51% 0.90

Dissolved lead (ug/L) 2.98 6.54 75% <0.103 0.17 51% 0.62 1.46 81% <0.10

Dissolved zinc (ug/L) 459 483 5% 1200 919 27% 216 198 9% 146

Dissolved iron (ug/L) <100 <100 NA <100 <100 NA <100 <100 NA <100

Dissolved manganese (ug/L) 63.5 67.90 7% <2.0 1.92 4% 7.33 3.56 69% 2.34

33%5 26%6 39%7

Notes

1. The ELK-08 MiniSipper sample was collected on 7/12/2019, the closest available date.

2. RPD= relative percent difference. 

3. Where one result was less than the method detection limit (MDL), the value of the MDL was used to calculate the RPD.

4. The ELK-00 MiniSipper sample was collected on 7/11/2019, the closest available date.

6. Due to a lack of agreement between the grab and MiniSipper sample and a high frequency of estimated results MiniSipper samples from the July 16 to September 30, 2019 

deployment were rejected.

5. Although the average RPD exceeded 20 percent, it was deemed an acceptable level of agreement  due to the time between grab sample (7/16) and MiniSipper sample collection 

(7/12).

7. Although the average RPD exceeded 20 percent, it was deemed an acceptable level of agreement  due to the time between grab sample (7/16) and MiniSipper sample collection 

(7/11).

Not applicable, all MiniSipper samples from ELK-

05 were rejected due to QA-QC issues.

Not applicable, all 

MiniSipper 

samples from this 

deployment were 

rejected.

Average RPD for grab duplicate pair:

9/18/19

ELK-08

9/18/197/16/19

ELK-05

7/16/19 9/18/19

ELK-00

7/16/19
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5.2 LOADING CALCULATIONS 

Metal loads are the product of stream flow and metal concentrations, plus the applicable conversion 
factors. The paragraphs below identify how stream flow and metal concentrations were used to 
calculate daily and annual metal loads at ELK-08, ELK-05, and ELK-00. 

5.2.1 STREAM FLOW 

USGS operates a flume in Elk Creek near the confluence with Coal Creek. The flume is operated during 
snow and ice-free periods from approximately mid-April to mid-November. USGS operates a seasonal 
gage in Coal Creek near the confluence with the Slate River and a year-round gage in the Slate River 
upstream of Baxter Gulch. During periods when the Elk Creek flume did not operate, stream flow was 
estimated, based on watershed area and flow at the nearest operational downstream gage. The type of 
flow data used in the analysis is presented below: 

• October 1 to November 15, 2018: Elk Creek flume. 

• November 16 to March 31, 2019: Area-based estimate using flow measured at the Slate River 
gage. 

• April 1 to April 30, 2019: Area-based estimate using flow measured at the Coal Creek gage. 

• May 1 to September 30, 2019: Elk Creek flume. 

Flow at ELK-05 and ELK-08 were estimated based on watershed area at the respective location relative 
to the watershed area at ELK-00. Manual instantaneous flow measurements on July 16 and September 
18, 2019 corroborated the area-based flow estimates for those dates. 

5.2.2 METAL CONCENTRATIONS 

The MiniSippers collected water samples nearly daily from October 2018 to mid-November 2018. From 
mid-November to late April, the MiniSipper collected samples weekly. From late April to mid-July, the 
MiniSippers collected samples daily. 

Where metal concentrations were less than the MDL, a value of ½ the MDL was used to calculate the 
load. 

Linear interpolation was used to estimate daily metal concentrations between actual sample dates. For 
the periods when the MiniSipper were rejected, metal concentrations were not measured or 
interpolated, and loads were not calculated. 

5.2.3 METAL LOADS 

Metal loads were calculated using daily stream flow and dissolved metal concentrations as described in 
Section 5.2.2. Charts that present metal loading profiles include symbology to identify loads calculated 
using measured, interpolated, and ½ MDL metal concentrations. All loads presented in this report are 
dissolved loads. 

Cumulative loading profiles are the sum of all loads presented in the loading profiles and therefore do 
not distinguish between load types (i.e. measured, interpolated or ½ MDL). The shape of the cumulative 
loading profile can be used to identify critical loading periods, and potentially pollutant sources based 
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on the timing. Where the loading profile maintains a linear progression through the year, loading occurs 
steadily through time. Where the loading profile has a “stepwise” or “exponential” form loading occurs 
quickly during a specific period, such as runoff.  

Where most results were less than the MDL, loads were not calculated, which was common for both 
iron and manganese. Instantaneous loads were not calculated for grab samples. 

6.0 2019 MONITORING RESULTS 

6.1 GRAB SAMPLE RESULTS 

Table 4 summarizes the metals concentrations measured in grab samples collected on July 16 and 
September 18, 2019. 

On July 16, 2019, metal concentrations in the Level 1 Outfall Channel exceeded metal concentrations 
measured in Elk Creek upstream of the Level 1 Outfall (ELK-11, Table 4). Metals delivered via the Level 1 
Outfall Channel increased metal concentrations measured in Elk Creek at ELK-08 (Table 4). Metal 
concentrations declined as watershed area and distance from the Site increased (i.e. from ELK-08 to ELK-
00, Table 4). 

On September 18, 2019, except for total lead, metal concentrations in the Level 1 Outfall Channel 
exceeded metal concentrations measured in Elk Creek upstream of the Level 1 Outfall (ELK-11, Table 4). 
Like the July sample event, metal concentrations declined as water area and distance from the Site 
increased (Table 4). 

On July 16, 2019 dissolved cadmium, copper, zinc, iron, and manganese concentrations at ELK-00 were 
equal to or less than the minimum concentrations measured from April to June from 2010 to 2015 
(Tables 2 and 4). On September 18, 2019 dissolved cadmium, copper, zinc, and iron concentrations at 
ELK-00 were equal to or less than the minimum concentrations measured July to March from 2010 to 
2015 (Tables 2 and 4).  
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Table 4. Summary of grab sample results collected from the Standard Mine Site on July 16 and September 18, 
2019. 

 

6.2 WATER QUALITY STANDARDS EVALUATIONS 

The results of the water quality standards evaluations for grab and MiniSipper samples are presented in 
the sub-sections below. 

6.2.1 JULY 16, 2019 GRAB SAMPLES 

All locations in Elk Creek, including ELK-11 which is located upstream of the Level1 Outfall channel, 
exceeded the chronic and acute cadmium standards on July 16, 2019 (Table 5). 

ELK-11, Elk Creek immediately upstream of the confluence with the Level-1 Outfall, exceeded the 
chronic and acute copper standards. Due to an increase in hardness, likely attributed to the Level-1 
Outfall, ELK-08 exceeded the chronic copper standard but attained the acute copper standard (Table 5). 
At ELK-05 and ELK-08 copper concentrations attained both the chronic and acute standards. 

The dissolved lead concentration at ELK-11 exceeded the chronic standard. All other samples collected 
from Elk Creek on July 16, 2019 attained the chronic and acute lead standards (Table 5). 

All locations in Elk Creek exceeded the chronic and acute aquatic life standards for dissolved zinc (Table 
5). 

All dissolved iron concentrations were less than the MDL on July 16, 2019 and attained the water supply 
standard (Table 5). 

All locations in Elk Creek, except ELK-08, attained the manganese water supply standard (Table 5).  

Location:

Date: 7/16/19 9/18/19 7/16/19 9/18/19 7/16/19 9/18/19 7/16/19 9/18/19 7/16/19 9/18/19

Hardness (mg/L) 13 114 62 197 37 114 40 74 43 70

Dissolved cadmium (ug/L) 1.09 11.4 10.8 76.1 2.4 6 1.31 0.87 1.07 0.81

Total cadmium (ug/L) 0.964 11.1 10.9 74 2.37 5.64 1.39 1.1 1.14 0.83

Dissolved copper (ug/L) 2.05 2.74 27 18 5.06 1.84 2.96 0.51 2.18 0.90

Total copper (ug/L) 2.55 3.15 39.9 19.7 7.06 <2.50 4.12 <2.50 3.22 <2.50

Dissolved lead (ug/L) 2.94 3.31 20.8 1.51 2.98 <0.10 1.24 <0.10 0.62 <0.10

Total lead (ug/L) 4.26 3.05 42.6 1.43 5.87 <0.50 2.75 1.52 2.62 <0.50

Dissolved zinc (ug/L) 220 3060 1720 19100 459 1200 265 166 216 146

Total zinc (ug/L) 207 3130 1650 20600 448 1240 258 225 221 153

Dissolved iron (ug/L) <100 <100 <100 <100 <100 <100 <100 <100 <100 <100

Total iron (ug/L) <100 <100 157 <100 <100 <100 <100 <100 <100 <100

Dissolved manganese (ug/L) 8.33 9.09 568 1490 63.5 <2.0 21.3 <2.0 7.33 2.34

Total manganese (ug/L) 9.68 9.98 586 1620 70.9 <2.0 28.2 16.8 21 <2.0

Notes

1. A field duplicate was collected at ELK-08 and a field blank was collected at ELK-11 on 7/16/2019.

2. A field duplicate was collected at Level-3 and a field blank was collected at Level-1 Outfall on 9/18/2019.

ELK-05 ELK-00ELK-11 LEVEL-1 OUTFALL ELK-08
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Table 5. Standards evaluation of grab samples collected from Elk Creek on July 16, 2019. Locations presented from 
upstream to downstream. Standards are presented in grey.

 

  

Monitoring Location ELK-11 ELK-08 ELK-05 ELK-00

Segment

13 37 40 43

Dissolved Cadmium 1.09 2.4 1.31 1.07

Chronic Aquatic Life Standard 0.15 0.34 0.36 0.38

Acute Aquatic Life Standard 0.3 0.7 0.8 0.8

Attains Chronic Standard No No No No

Attains Acute Standard No No No No

Dissolved Copper 2.05 5.06 2.96 2.18

Chronic Aquatic Life Standard 1.6 3.8 4.1 4.4

Acute Aquatic Life Standard 2.0 5.3 5.7 6.1

Attains Chronic Standard No No Yes Yes

Attains Acute Standard No Yes Yes Yes

Dissolved Lead 2.94 2.98 1.24 0.62

Chronic Aquatic Life Standard 0.3 0.8 0.9 1.0

Acute Aquatic Life Standard 7 22 24 25

Attains Chronic Standard No Yes Yes Yes

Attains Acute Standard Yes Yes Yes Yes

Dissolved Zinc 220 459 265 216

Chronic Aquatic Life Standard 19 49 53 56

Acute Aquatic Life Standard 25 65 70 74

Attains Chronic Standard No No No No

Attains Acute Standard No No No No

Dissolved Iron <100 <100 <100 <100

Domestic Water Supply Standard

Attains Water Supply Standard Yes Yes Yes Yes

Dissolved Manganese 8.33 63.5 21.3 7.33

Domestic Water Supply Standard

Attains Water Supply Standard Yes No Yes Yes

Notes:

Parameter
COGUUG11

Manganese (ug/L) 50

3. "Yes" indicates the result attained the standard, "No" indicates the result exceeded the standard. The Colorado Water 

Quality Control Division evaluates water quality data to determine formal attainment with applicable water quality standards. 

Official attainment information is provided in WQCC Regulation 93. Results that are less than the MRL (i.e. < X) are considered 

in attainment of the standard, as long as an appropriate PQL was used.

Cadmium (ug/L)

Copper (ug/L)

Lead (ug/L)

Hardness (mg/L)

Iron (ug/L)

Standards Evaluation For Elk Creek on July 16, 2019

300

Zinc (ug/L)

1. All standards refer to the dissolved sample fraction.

2. Where appropriate standards were calculated using paired hardness results.

4. Results in italiacs are estimated concentrations. In this evaluation, estimated concentrations were compared against the 

standard. Where impairment is indicated by only estimated results, the segment would not be classified as impaired, instead it 

would be placed on the monitoring and evaluation list.
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6.2.2 SEPTEMBER 18, 2019 GRAB SAMPLES 

On September 18, 2019 hardness concentrations in Elk Creek were higher than in June and there was no 
variation in hardness up and downstream of the confluence with the Level 1 Outfall (Table 6). The 
maximum hardness was measured at ELK-11 and ELK-08 (Table 6). The increased hardness 
concentrations increased aquatic life standards (i.e. cadmium, copper, lead, and zinc) relative to July 16, 
2019 (Tables 5 and 6). 

All locations in Elk Creek exceeded the chronic cadmium standard on September 18, 2019. Three in five 
locations in Elk Creek exceeded the acute cadmium standard. ELK-05 and ELK-00, located in the lower 
reaches of Elk Creek, attained the acute cadmium standard. 

All locations in Elk Creek attained the chronic and acute copper standards (Table 6). 

Except for ELK-11, dissolved lead concentrations were less than MDL at all sample locations and attained 
both the chronic and acute lead standards. Dissolved lead measured at ELK-11 exceeded the chronic 
standard and attained the acute standard (Table 6). 

All locations in Elk Creek exceeded the chronic and acute water quality standards for dissolved zinc 
(Table 6). 

Like the July sample event, all dissolved iron concentrations were less than the MDL on September 18, 
2019 and attained the water supply standard (Table 6). 

All locations in Elk Creek attained the water supply standard for manganese (Table 6).  
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Table 6. Standards evaluation of grab samples collected from Elk Creek on September 18, 2019. Locations 
presented from upstream to downstream. Standards are presented in grey. 

 

  

Monitoring Location ELK-11 ELK-08 ELK-05 ELK-00

Segment

114 114 74 70

Dissolved Cadmium 11.4 6.0 0.87 0.81

Chronic Aquatic Life Standard 0.79 0.79 0.57 0.55

Acute Aquatic Life Standard 2.0 2.0 1.4 1.3

Attains Chronic Standard No No No No

Attains Acute Standard No No Yes Yes

Dissolved Copper 2.74 1.84 0.51 0.90

Chronic Aquatic Life Standard 10.0 10.0 6.9 6.6

Acute Aquatic Life Standard 15.2 15.2 10.1 9.6

Attains Chronic Standard Yes Yes Yes Yes

Attains Acute Standard Yes Yes Yes Yes

Dissolved Lead 3.31 <0.10 <0.10 <0.10

Chronic Aquatic Life Standard 2.9 2.9 1.8 1.7

Acute Aquatic Life Standard 74 74 46 44

Attains Chronic Standard No Yes Yes Yes

Attains Acute Standard Yes Yes Yes Yes

Dissolved Zinc 3060 1200 166 146

Chronic Aquatic Life Standard 137 137 92 88

Acute Aquatic Life Standard 180 180 122 116

Attains Chronic Standard No No No No

Attains Acute Standard No No No No

Dissolved Iron <100 <100 <100 <100

Domestic Water Supply Standard

Attains Water Supply Standard Yes Yes Yes Yes

Dissolved Manganese 9.09 <2.0 <2.0 2.34

Domestic Water Supply Standard

Attains Water Supply Standard Yes Yes Yes Yes

Iron (ug/L) 300

Manganese (ug/L) 50

Zinc (ug/L)

Hardness (mg/L)

Cadmium (ug/L)

Copper (ug/L)

Lead (ug/L)

Parameter
11

Standards Evaluation For Elk Creek on September 18, 2019
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6.2.3 MINISIPPER WATER QUALITY STANDARDS EVALUATIONS 

The WQS evaluations for each MiniSipper location are presented from upstream to downstream in the 
Sections 6.2.4 through 6.2.6. Assimilative capacity is present when COPC concentrations are less than 
the applicable WQS. The overall WQS attainment rates for Elk Creek are presented in Section 6.2.7. 

The Level 1 Bulkhead was opened on October 9, 2018 and remained open for the rest of water year 
2019. Impounded water drained from the bulkhead from October 9 to November 3, 2018. Metal loads in 
Elk Creek were elevated at all locations because of the bulkhead opening. 

6.2.4 ELK CREEK DOWNSTREAM OF STANDARD MINE (ELK-08) 

All dissolved cadmium concentrations measured at ELK-08 exceeded the chronic and acute aquatic life 
standards (Figure 5). Because the chronic standard was exceeded throughout 2019, Elk Creek lacked 
assimilative capacity for cadmium. The bulkhead opening in late fall 2018 increased cadmium 
concentrations substantially. 

Figure 5. Dissolved cadmium concentrations, as measured in MiniSippers and grab samples at ELK-08, and 
acute and chronic aquatic life standards. 

 

  



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

18 

Dissolved copper concentrations measured at ELK-08 were less than the chronic and acute standards 
from October 2018 to early May 2019. On May 9, 2019, dissolved copper concentrations exceeded the 
chronic standard and on May 21, 2019 the acute standard was also exceeded. Dissolved copper 
concentrations remained above the chronic and acute standard during the remainder of the runoff 
period (Figure 6). The available data suggest that Elk Creek may have assimilative capacity for copper 
during the fall and winter. The bulkhead opening in late fall 2018 did not increase copper concentrations 
substantially. 

Figure 6. Dissolved copper concentrations, as measured in MiniSippers and grab samples at ELK-08, and 
acute and chronic aquatic life standards. 
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Dissolved lead concentrations measured at ELK-08 attained the chronic and acute standards from 
October 2018 to May 21, 2019 when dissolved lead concentrations began to exceed the chronic 
standard. Dissolved lead concentrations exceeded the chronic standard for the remainder of 2019 but 
did not exceed the acute lead standard at any point (Figure 7). The available data suggest that Elk Creek 
may have assimilative capacity for lead from October to mid-May. The bulkhead opening in late fall 2018 
did not increase lead concentrations. 

Figure 7. Dissolved lead concentrations, as measured in MiniSippers and grab samples at ELK-08, and 
acute and chronic aquatic life standards. 
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All dissolved zinc concentrations measured at ELK-08 exceeded the chronic and acute aquatic life 
standards (Figure 8). Because the chronic standard was exceeded throughout 2019, Elk Creek lacked 
assimilative capacity for zinc. The bulkhead opening in late fall 2018 increased zinc concentrations 
substantially. 

Figure 8. Dissolved zinc concentrations, as measured in MiniSippers and grab samples at ELK-08, and 
acute and chronic aquatic life standards. 

 

  



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

21 

Dissolved iron concentrations were less than the MDL in all 98 samples collected during water year 2019 
and the bulkhead opening did not cause iron concentrations to exceed the MDL. Because all results 
were less than the MDL, a figure was not prepared for dissolved iron. The available data suggest that Elk 
Creek has assimilative capacity for iron. 

Due to the Bulkhead opening, the 30-day average manganese concentrations exceeded the water supply 
standard of 50 ug/L from October 3 to December 3, 2018 (Figure 9). From December 3, 2018 to May 23, 
2019, the 30-day average manganese concentrations were less than the water supply standard. On June 
1, 2019, the 30-day average manganese concentrations exceeded and remained above the water supply 
standard for the remainder of the runoff period (Figure 9). The available data suggest that Elk Creek has 
assimilative capacity for manganese from approximately early December through late May. 

Figure 9. Dissolved manganese concentrations, as measured in MiniSippers and grab samples at ELK-08, and the 
water supply standard. 

 

  



WATER YEAR 2019 ANNUAL REPORT 
STANDARD MINE INTERIM MONITORING PROJECT 

SEPTEMBER 2020 

22 

6.2.5 ELK CREEK UPSTREAM OF THE CONFLUENCE WITH COAL CREEK (ELK-00) 

Dissolved cadmium concentrations measured at ELK-00 exceeded the chronic and acute standards 
throughout water year 2019 (Figure 10). Because the aquatic life standards were exceeded throughout 
the year, Elk Creek lacked assimilative capacity. The bulkhead opening in late fall 2018 increased 
cadmium concentrations substantially. 

The minimum dissolved cadmium concentration measured at ELK-00 was 0.89 ug/L on July 10, 2019 was 
slightly lower than the 2010 to 2015 minimum concentration of 0.94 ug/L (Table 3). The maximum 
dissolved cadmium concentration of 2.78 ug/L was measured on October 26, 2018 and was higher than 
the maximum concentration of 1.45 ug/L measured between 2010 and 2015 (Table 3). 

Figure 10. Dissolved cadmium concentrations, as measured in MiniSippers and grab samples at ELK-00, and acute 
and chronic aquatic life standards. 
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The bulkhead opening in the late fall of 2018 increased copper concentrations briefly (Figure 11). From 
October 2018 to May 30, 2019, dissolved copper concentrations measured at ELK-00 attained both the 
chronic and acute standards; the acute standard was exceeded beginning June 4, 2019 (Figure 11). On 
June 21, 2019, dissolved copper concentrations began decline and generally remained over the chronic 
standard, but under the acute standard (Figure 11). Elk Creek had assimilative capacity from October 
2018 to early June 2019 and lacked assimilative capacity during the latter part of the runoff period. 

The minimum dissolved copper concentration measured at ELK-00 was 1.04 ug/L on October 20, 2018 
was on par with the 2010 to 2015 minimum concentration of <2.0 ug/L (Table 3). The maximum 
dissolved copper concentration of 4.05 ug/L was measured on June 11, 2019 and was lower than the 
maximum concentration of 4.71 ug/L measured between 2010 and 2015 (Table 2). 

Figure 11. Dissolved copper concentrations, as measured in MiniSippers and grab samples at ELK-00, and 
acute and chronic aquatic life standards. 
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Dissolved lead concentrations attained the acute standard throughout water year 2019 (Figure 12). 
From October 7 to October 12, 2019 and June 4 to June 21, 2019 dissolved lead concentrations 
exceeded the chronic standard (Figure 12). Aside from these brief periods, Elk Creek had assimilative 
capacity for lead. Lead concentrations increased slightly after the bulkhead was opened in October 
2018. 

During April to June 2019, all dissolved lead concentrations were less than historical maximum of 2.21 
ug/L (Table 2). During the remainder of the year, five samples had dissolved lead concentrations greater 
than the historical maximum of 2.21 ug/L (Table 3). 

Figure 12. Dissolved lead concentrations, as measured in MiniSippers and grab samples at ELK-00, and 
acute and chronic aquatic life standards. 
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Dissolved zinc concentrations exceeded the chronic and acute standards throughout water year 2019 
(Figure 13). Because the chronic standard was exceeded throughout the year, Elk Creek lacked 
assimilative capacity for zinc. Zinc concentrations increased after the bulkhead was opened on October 
9, 2018 and remained elevated for approximately 30 days (Figure 13). 

During April to June 2019, dissolved zinc concentrations ranged from 223 to 352 ug/L. Thirteen percent 
of the results were less than the historical minimum of 241 ug/L and fourteen percent of the results 
were greater than the historical maximum of 334 ug/L (Table 2). After the Level 1 Bulkhead was opened 
in October 2018, most dissolved zinc concentrations measured at ELK-00 in October 2018 were greater 
than the 2010 to 2015 maximum concentration of 326 ug/L for July to March (Table 3). 

Figure 13. Dissolved zinc concentrations, as measured in MiniSippers and grab samples at ELK-00, and 
acute and chronic aquatic life standards. 
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After the bulkhead opening, two dissolved iron results at ELK-00 exceeded the value of the water supply 
standard, the standard was attained based on the 30-day averages (Figure 14). Elk Creek had 
assimilative capacity for iron in water year 2019. Like historical dissolved iron concentrations most of the 
results were less than the method detection limit. 

Figure 14. Dissolved iron concentrations, as measured in MiniSippers and grab samples at ELK-00, and 
the water supply standard. 
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Aside from a brief period after the bulkhead was opened in October 2018, 30-day average dissolved 
manganese concentrations were less than the water supply standard (Figure 22). Elk Creek had 
assimilative capacity during most of water year 2019. In 2019 dissolved manganese concentrations were 
consistent with historical concentrations where a majority of the results were near or less the MDL. 

Figure 15. Dissolved manganese concentrations, as measured in MiniSippers and grab samples at ELK-00, 
and the water supply standard. 

 

6.2.6 WATER QUALITY STANDARDS SUMMARY 

Table 7 summarizes WQS attainment by location in Elk Creek. At both locations in Elk Creek and at the 
segment scale dissolved cadmium, copper, and zinc concentrations exceeded the chronic and acute 
aquatic life standards. Dissolved lead concentrations exceeded the chronic standard but attained the 
acute standard. Dissolved iron and manganese attained the water supply standard. 

Table 7. Water quality standards attainment by location in Elk Creek and in Segment 11- Elk Creek. Locations 
presented from upstream to downstream10. 

 

 

10 For aquatic life standards, when paired standards evaluations are completed, percent attainment rates of less than 85 

Iron Manganese

Percent 

attained 

chronic

Percent 

attained 

acute

Percent 

attained 

chronic

Percent 

attained 

acute

Percent 

attained 

chronic

Percent 

attained 

acute

Percent 

attained 

chronic

Percent 

attained 

acute

ELK-08 98 0 0 56 65 65 100 0 0 100 42

ELK-05

ELK-00 129 0 0 71 83 70 98 0 0 100 58

Segment 11- Elk Creek 227 No No No No No Yes No No Yes Yes

0 MiniSipper samples

Zinc

Percent results less 

than water supply

Location
Number of 

Samples

Cadmium Copper Lead
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6.2.7 COMPARISON OF STANDARDS ATTAINMENT BETWEEN WATER YEARS 2018 AND 2019 

Water year 2018 was the driest year on record, both snowpack and precipitation were at or near 
historical lows and the Level 1 Bulkhead was closed. In contrast, the Level 1 Bulkhead was open during 
water year 2019, the snowpack was very large; although summer precipitation was quite low. 

Figures 16 and 17 compare the attainment rates for chronic and acute standards by location and water 
year.  

At ELK-08 the chronic copper and lead attainment rates decreased from water year 2018 to water year 
2019 by 38 and 19 points, respectively (Figure 16). The acute attainment rate for cadmium and copper 
decreased by 3 and 29 points, respectively (Figure 16). The chronic cadmium, chronic zinc, and acute 
zinc attainment rates remained at zero percent during both water years. 

Figure 16. Aquatic life standards attainment rates at ELK-08 by water year. 

 

At ELK-00 the chronic copper and lead attainment rates decreased from water year 2018 to water year 
2019 by 13 and 28 points, respectively (Figure 17). The chronic cadmium and zinc attainment rates were 
zero percent in both water years. The acute attainment rates at ELK-00 decreased by 53, 7, and 2 points 
for cadmium, copper, and lead, respectively. The zinc attainment rate was zero percent in both water 
years (Figure 17). 

Figure 17. Aquatic life standards attainment rates at ELK-00 by water year. 

 

 

percent indicate impairment of the standard. 
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6.3 MINISIPPER METAL LOADS 

Metal loads measured in Elk Creek are presented from upstream to downstream. 

6.3.1 ELK CREEK DOWNSTREAM OF STANDARD MINE (ELK-08) 

In general, loading paralleled stream flow and peak flows accounted for the largest portion of the annual 
loads (Figures 18 to 22). Cadmium, zinc, and manganese loads briefly increased in October 2018 after 
the Level 1 Bulkhead was opened (Figures 18, 21, and 22). The increase in loading that followed the 
bulkhead opening was substantially less than the loading observed during peak runoff. 

Figure 18. Measured and interpolated dissolved cadmium loads and stream flow at ELK-08. 

 

Figure 19. Measured and interpolated dissolved copper loads and stream flow at ELK-08. 
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Figure 20. Measured, interpolated, and estimated dissolved lead loads and stream flow at ELK-08. 

 

Figure 21. Measured and interpolated dissolved zinc loads and stream flow at ELK-08. 

 

All dissolved iron concentrations were less than MDL. Therefore, it was not necessary to calculate iron 
loads. 
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Figure 22. Measured, interpolated, and estimated dissolved manganese loads and stream flow at ELK-08. 

 

6.3.2 ELK CREEK UPSTREAM OF THE CONFLUENCE WITH COAL CREEK (ELK-00) 

Like ELK-08, loading generally paralleled stream flow and peak flows accounted for the largest portion of 
the annual loads (Figures 23 to 27). Cadmium, zinc, and manganese loads briefly increased in October 
2018 after the Level 1 Bulkhead was opened (Figures 18, 21, and 22). The increase in loading that 
followed the bulkhead opening was substantially less than the loading observed during peak runoff. 

Figure 23. Measured and interpolated dissolved cadmium loads and stream flow at ELK-00. 
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Figure 24. Measured and interpolated dissolved copper loads and stream flow at ELK-00. 

 

Figure 25. Measured, interpolated, and estimated dissolved lead loads and stream flow at ELK-00. 
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Figure 26. Measured and interpolated dissolved zinc loads and stream flow at ELK-00. 

 

Iron loads were not calculated. In most samples dissolved iron concentrations were less than the MDL. 

Figure 27. Measured, interpolated, and estimated dissolved manganese loads and stream flow at ELK-00. 
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6.3.3 CUMULATIVE METAL LOADS IN ELK CREEK DOWNSTREAM OF THE STANDARD MINE (ELK-08) 

The cumulative loading profiles from Elk Creek downstream of the Standard Mine clearly indicate that 
most of the loading occurred during and immediately following peak stream flow. The cumulative 
loading patterns are summarized below and presented in Figures 28 to 32. 

• The dissolved cadmium load after the Level 1 Bulkhead was opened11 was 0.93 pounds, or 5 
percent of the annual load. The spring runoff12 load was 8.87 pounds which accounted for 52 
percent of the annual load (Figure 28). 

• The dissolved copper load following the Bulkhead opening was 0.11 pounds, which accounted 
for less than one percent of the annual load, and the spring runoff was 11.85 pounds or 43 
percent of the annual load (Figure 29). 

• The dissolved lead load during spring runoff was 1.96 pounds which accounted for 33 percent of 
the annual load. The bulkhead opening during the fall of 2018 did not generate a substantial 
lead load at ELK-00 (Figure 30). 

• The dissolved zinc load after the bulkhead was opened was 203 pounds which accounted for 5 
percent of the annual load. The spring runoff load was 2,225 pounds and 57 percent of the 
annual load (Figure 31). 

• The dissolved manganese load after the bulkhead was opened was 16 pounds or 4 percent of 
the annual load. During spring runoff, the dissolved manganese load was 164 pounds which 
accounted for 43 percent of the annual load (Figure 32). 

Figure 28. Cumulative dissolved cadmium and stream flow at ELK-08. 

 

 

11 The release period after the Level 1 Bulkhead was opened is defined as October 9 to November 14, 2018. 
12 Where runoff is defined as April 1 to June 30, 2018. 
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Figure 29. Cumulative dissolved copper and stream flow at ELK-08. 

 

Figure 30. Cumulative dissolved lead and stream flow at ELK-08. 
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Figure 31. Cumulative dissolved zinc and stream flow at ELK-08. 

 

Iron loads were not calculated. In most samples dissolved iron concentrations were less than the MDL. 

Figure 32. Cumulative dissolved manganese and stream flow at ELK-08. 
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6.3.4 CUMULATIVE METAL LOADS IN ELK CREEK UPSTREAM OF THE CONFLUENCE WITH COAL CREEK 

(ELK-00) 

The cumulative loading profiles from Elk Creek downstream of the Standard Mine clearly indicate that 
most of the loading occurred during and immediately following peak stream flow. The cumulative 
loading patterns are summarized below and presented in Figures 33 to 37. 

• The dissolved cadmium load after the Level 1 Bulkhead was opened was 0.2 pounds, or 2 
percent of the annual load. The spring runoff load was 4.04 pounds which accounted for 49 
percent of the annual load (Figure 33). 

• The dissolved copper load following the Bulkhead opening was 0.10 pounds, which accounted 
for less than one percent of the annual load, and the spring runoff was 11.92 pounds or 48 
percent of the annual load (Figure 34). 

• The dissolved lead load during spring runoff was 1.73 pounds which accounted for 37 percent of 
the annual load. The bulkhead opening during the fall of 2018 did not generate a substantial 
lead load at ELK-00 (Figure 35). 

• The dissolved zinc load after the bulkhead was opened was 31 pounds which accounted for 2 
percent of the annual load. The spring runoff load was 988 pounds and 53 percent of the annual 
load (Figure 36). 

• The dissolved manganese load after the bulkhead was opened was just under 1 pound or two 
percent of the annual load. During spring runoff, the dissolved manganese load was 25 pounds 
which accounted for 57 percent of the annual load (Figure 37). 

Figure 33. Cumulative dissolved cadmium and stream flow at ELK-00. 
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Figure 34. Cumulative dissolved copper and stream flow at ELK-00. 

 

Figure 35. Cumulative dissolved lead and stream flow at ELK-00. 
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Figure 36. Cumulative dissolved zinc and stream flow at ELK-00. 

 

Iron loads were not calculated. In most samples dissolved iron concentrations were less than the MDL. 

Figure 37. Cumulative dissolved manganese and stream flow at ELK-00. 
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6.3.5 COMPARISON OF LOADING AT ELK-00 BETWEEN WATER YEARS 2018 AND 2019 

This section presents a comparison of cumulative loads at ELK-00 in water years 2018 and 2019. Note, in 
2018 malfunctions with the MiniSippers at ELK-08 and ELK-05 prevented the calculation of cumulative 
loads. Cumulative metal loads at ELK-00 were substantially larger in water year 2019, while the Level 1 
Bulkhead was open, and a larger snowpack supported increased stream flow. The following summarize 
differences in annual loads: 

• In water year 2018 the annual dissolved cadmium load was 2.3 pounds. In water year 2019 the 
annual dissolved cadmium load was 24.6 pounds which is over a ten-fold increase (Figure 38). 

• In water year 2018 the annual dissolved copper load was 6.8 pounds. In water year 2019 the 
annual dissolved copper load was 24.6 pounds which is over 3 times greater (Figure 39).  

• In water year 2018 the annual dissolved lead load was 0.5 pounds. In water year 2019 the 
annual dissolved lead load was 4.7 pounds or nearly ten times higher (Figure 40). 

• In water year 2018 the annual dissolved zinc load was 493 pounds. In water year 2019 the 
annual dissolved zinc load was 1,864 pounds. The water year 2019 annual load was 3.8 times 
larger than the water year 2018 annual load (Figure 41). 

• In both water years dissolved iron concentrations were near or less MDL and annual iron loads 
were negligible. 

• In water year 2018 the annual dissolved manganese load was 2.7 pounds. In water year 2019 
the annual dissolved manganese load was 43.7 pounds which is just over a sixteen-fold increase 
(Figure 42). 

Figure 38. Cumulative annual dissolved cadmium load by water year at ELK-00. 
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Figure 39. Cumulative annual dissolved copper load by water year at ELK-00. 

 

Figure 40. Cumulative annual dissolved lead load by water year at ELK-00. 
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Figure 41. Cumulative annual dissolved zinc load by water year at ELK-00. 

 

Figure 42. Cumulative annual dissolved manganese load by water year at ELK-00. 
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7.0 RECOMMENDATIONS 

Resolve communication issues related to MiniSipper sample frequency and lab analysis. During water 
year 2019, MiniSipper samples were collected at a higher frequency than directed in the 2019 SAP-QAP. 
Additionally, the MiniSipper samples were not submitted to the laboratory for analysis in a timely 
fashion. Addressing both issues will help the SMIMP team make informed decisions about monitoring 
activities and help to better address SMIMP project objectives. 

8.0 CONCLUSIONS 

Water year 2019 was a relatively wet year where snowfall and precipitation from March to June 
contributed an outsized portion of the annual precipitation. Cool temperatures also allowed the 
snowpack to persist longer than average (i.e. into July). However, a summer monsoon pattern failed to 
develop and summer and fall precipitation lagged the 2010 to 2018 median. The Level 1 Bulkhead was 
open for nearly all of water year 2019.  

During water year 2019, 48 to 53 percent of the annual cadmium, copper, and zinc loads at ELK-00 were 
delivered during spring runoff. The 2019 runoff period accounted for a smaller portion of the annual 
load than it did in water year 2018, where spring runoff accounted for 60 to 80 percent of the annual 
load. This was likely attributed to the loading associated with the bulkhead opening in the early portion 
of water year 2019. Overall, dissolved cadmium, copper, lead, zinc, and manganese loading in water 
year 2019 was much higher than in water year 2018, increases in loading ranged from three to sixteen-
fold. 

There was a decrease in dissolved cadmium and zinc concentrations between ELK-08 and ELK-00. The 
annual dissolved cadmium and zinc loads at ELK-00 were less than half the load measured at ELK-08. 

In water year 2019, dissolved cadmium, copper and zinc concentrations exceeded the chronic and acute 
standards in Elk Creek. Dissolved lead concentrations exceeded the chronic standard but attained the 
acute standard in water year 2019. Iron and manganese concentrations attained the water supply 
standard in water year 2019. 

The water year 2019 snowpack was very large, but summer precipitation was quite low, and the Level 1 
bulkhead was open. During water year 2018 the snowpack and summer precipitation were near record 
lows and the Level 1 bulkhead was closed. Increased cadmium, copper, and lead concentrations in water 
year 2019 led to lower WQS attainment rates than in water year 2018. Iron and manganese 
concentrations attained the water supply standard during both water years.  
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APPENDIX A: LEVEL 1 BULKHEAD VALVE OPENING- SUMMARY OF MONITORING 

AND WATER TREATMENT ACTIVITIES (HDR, 2018) 
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Memo 

Date: Tuesday, December 11, 2018 

Project: Standard Mine Superfund Site, Gunnison County, Colorado 

To: Andrew Schmidt, EPA 

Ross Davis, CDPHE 

Tara Tafi, CDRMS 

Jeff Graves, CDRMS 

From: Joe Shields, HDR 

Subject: 
Level 1 Bulkhead Valve Opening – Summary of Monitoring and Water Treatment 

Activities 

1. On October 9, 2018 the Level 1 bulkhead valve was opened to drain water that had been 

impounded behind the bulkhead since the valve was closed on April 12, 2018.  The valve was 

periodically adjusted to discharge approximately 40 gallons per minute.  On the evening of 

November 3, 2018 the impounded water had been fully released.  Enclosure 1 provides a record of 

the flows from the bulkhead beginning when the valve was opened on October 9th and a record of 

the cumulative flow exiting the bulkhead. 

2. During the period when impounded water was draining from Level 1 (October 9th through 

November 3rd), the site was monitored twice each day.  Monitoring consisted of visual observations 

of the discharge and site conditions, as well as collection of water quality parameters using field 

instruments.  Water quality parameter monitored included pH, temperature, specific conductance, 

dissolved oxygen, oxidation-reduction potential, and turbidity. A log of pH and turbidity readings 

collected during monitoring is provided in Enclosure 2.  Turbidity remained low at Elk-00 throughout 

the monitoring period, consistently at 0.02 NTUs, the lowest reading.   

3. In addition to monitoring, the discharged water was treated to promote flocculation of dissolved 

metals.  Water treatment occurred in the channel between the Bypass Adit and the first settlement 

pond.  The treatment plan consisted of: 

• the addition sodium hydroxide to raise the pH, promoting flocculation 

• installation of a of HaloKlear™ GelFloc sock downstream of where sodium hydroxide was 

added, to promote flocculation  

• the addition of citric acid at the inlet of the third settling pond when water exiting Pond #2 

has a pH greater than 8  

Fields procedures for water treatment are included in Enclosure 3 and a log of the days and 

treatment activities during the monitoring period is included in Enclosure 2.  During each monitoring 

event, 5 pounds of sodium hydroxide was added to raise the pH.  The pH at the outlet of Pond 2 was 

consistently below 8, thus citric acid treatment was not implemented.  HaloKlear™ GelFloc sock 

were installed for the duration of the discharge period and were replaced at approximately 500,000 

gallon intervals. 
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4. To evaluate the potential for impact to water quality in Elk Creek and Coal Creek, samples were 

collected prior to opening the bulkhead valve, during discharge, and after the discharge was 

complete.  Collection points included the bulkhead, at the outlet of the ponds, and at Elk-00, which 

is located near where Elk Creek discharges into Coal Creek.  Refer to Enclosure 4 for a plan view of 

the site showing project features and monitoring stations.  Samples were analyzed by Test America 

Laboratory in Denver, Colorado for dissolved metals including arsenic, barium, cadmium, chromium, 

copper, lead, selenium, silver, and zinc.  Sampling occurred on the following dates: 

• October 2, 2018 – One week prior to opening the valve 

• October 12, 2018  

• October 19, 2018  

• October 25, 2018  

• November 2, 2018  

• November 13, 2018 - Ten days after all impounded water released 

5. Enclosure 5 includes charts displaying arsenic, cadmium, copper, lead, and zinc concentrations 

during the six events.  With the exception of arsenic, metal concentrations is much lower at Elk-00 

compared to the discharge from the bulkhead and ponds.  Arsenic is at or near the detection level of 

0.33 micrograms per liter (µg/L) at the bulkhead and pond discharge, compared to 0.78-1.9 µg/L at 

Elk-00.  However, the maximum concentration recorded at Elk-00 of 1.9 µg/L is still well below the 

National Primary Drinking Water Maximum Contaminant Level of 10 µg/L for arsenic.  Based on 

review of the data collected, it does not appear that the release of impounded water from Level 1 

significantly impacted the water quality discharging from Elk Creek into Coal Creek. 
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Standard Mine Level 1 Discharge Flows

Cumulative Discharge

Bulkhead Flow



pH Turb pH Turb pH Turb pH Turb pH Turb pH Turb pH Turb

0940 7.50 0.00 Elk-00 flume reading 0.25

1400 11.00 3.81 1.97 0.44 0.02 0.02 0.00

0855 7.42 0.02 0.00 Elk-00 flume reading 0.25

40 Valve Opened at 1215 to 0.27 feet of Parshall Flume (~40 gpm)

1245 6.90 9.63 1.12 0.02 6.99 0.02 7.46 0.02 40.00 5.00 Elk-00 flume reading 0.25

40
1630 - Bulkhead flow has reached Pond #1. Pond #5 now discharging at 

~40 gpm

1700 9.02 13.80 16.60 7.72 8.61 0.39 0.02 7.66 0.02 7.46 0.02 44.15 5.00

0730 7.12 72.00 4.54 7.25 3.03 0.78 0.02 7.44 0.02 7.81 0.02 42.03 5.00 Elk-00 flume reading 0.32

1200 7.63 0.02 41.25 5.00 No pond parameters due to bad weather

1330 7.23 4.79 7.69 7.22 1.92 2.08 1.53 7.30 1.46 7.91 0.02 39.94 5.00

1726 7.05 7.30 4.58 7.33 3.73 5.76 2.83 7.46 2.48 7.91 0.02 42.36 5.00

0745 7.23 7.65 6.99 7.25 8.75 10.40 2.74 7.21 2.45 7.83 0.02 38.53 5.00

1400 11.19 11.20 7.74 4.63 7.77 3.40 7.71 5.27 7.72 2.59 7.67 2.32 7.94 0.02 39.78 5.00 Started recording L1-1 post-treatment addition

0819 12.12 6.68 7.32 9.17 7.40 9.18 7.35 8.71 7.36 10.00 7.29 3.80 8.55 0.02 38.67 5.00

1218 11.14 76.40 7.81 7.43 7.82 8.06 7.76 9.39 7.76 6.19 7.73 4.98 8.10 0.02 38.95 5.00

0740 11.03 2.99 7.36 6.34 7.45 6.57 7.47 4.97 7.47 3.52 7.54 3.21 8.34 0.02 41.38 5.00

1120 11.08 23.20 7.50 5.79 7.54 6.88 7.55 5.15 7.55 4.17 7.49 3.85 8.29 0.02 36.98 5.00

1130 10.12 12.10 7.72 6.11 7.62 6.85 7.62 7.56 7.63 7.15 7.57 4.85 7.56 0.02 35.82 5.00 Elk-00 flume reading 0.77 due to ice dam built up in flume

1540 11.69 16.80 7.93 17.20 7.80 8.48 7.75 15.60 7.73 10.20 7.69 16.90 8.10 0.02 36.78 5.00

0830 10.95 2.40 7.95 6.76 7.82 5.21 7.73 2.72 7.75 2.61 7.74 4.68 7.99 0.02 34.45 5.00 Elk-00 flume reading 0.75 due to ice dam

1650 10.09 4.37 7.47 6.15 7.38 4.76 7.47 3.08 7.44 2.27 7.37 2.74 8.12 0.02 36.69 5.00 Elk-00 flume reading 0.40. Ice dam melted out

0900 10.75 0.02 7.34 0.02 7.32 0.02 7.29 0.02 7.33 0.02 7.31 0.02 7.31 0.02 35.53 5.00 Calibrated YSI and Turbidimeter @ 0845

1530 11.45 0.02 7.48 0.02 7.50 0.02 7.42 0.02 7.45 0.02 7.44 0.02 7.94 0.02 35.43 5.00

0930 11.90 0.02 7.84 0.02 7.64 0.02 7.63 0.02 7.55 0.02 7.62 0.02 7.63 0.02 34.81 5.00

1600 11.44 0.02 7.74 0.02 7.72 0.02 7.54 0.02 7.64 0.02 7.64 0.02 7.89 0.02 32.95 5.00

0845 11.45 58.20 7.84 0.02 7.77 0.02 7.76 0.02 7.75 0.02 7.71 0.02 7.79 0.02 29.65 5.00 L1-1 turbidity checked after going in mine to collect BH sample

1440 11.53 58.00 7.70 0.02 7.63 0.02 7.64 0.02 7.56 0.02 7.55 0.02 7.77 0.02 44.15 5.00

1015 12.03 0.02 7.79 0.02 7.75 0.02 7.69 0.02 7.69 0.02 7.68 0.02 8.07 0.02 45.54 5.00 Reached 500,000 gallons. Switched out floc/coag socks

1550 11.31 0.02 7.74 0.02 7.67 0.02 7.70 0.02 7.65 0.02 7.61 0.02 7.93 0.02 41.15 5.00

0850 11.85 0.02 7.88 0.02 7.82 0.02 7.65 0.02 7.74 0.02 7.72 0.02 8.26 0.02 42.35 5.00

1400 11.50 0.02 7.75 0.02 7.72 0.02 7.55 0.02 7.63 0.02 7.62 0.02 7.90 0.02 40.78 5.00

1315 10.94 0.02 7.39 0.02 7.42 0.02 7.42 0.02 7.40 0.02 7.35 0.02 8.24 0.02 38.30 5.00

1702 10.92 0.02 7.43 3.65 7.42 0.02 7.37 0.02 7.33 0.02 7.08 0.02 8.18 0.02 38.82 5.00

0915 11.39 0.02 7.42 0.02 7.47 0.02 7.48 0.02 7.48 0.02 7.43 0.02 8.35 0.02 32.69 5.00

1405 11.79 0.02 7.45 0.02 7.48 0.02 7.43 0.02 7.46 0.02 7.40 0.02 8.20 0.02 40.10 5.00

0845 10.79 0.02 7.39 0.02 7.46 0.02 7.46 0.02 7.44 0.02 7.35 0.02 8.21 0.02 38.38 5.00

1405 11.73 0.02 7.46 0.02 7.49 0.02 7.51 0.02 7.53 0.02 7.51 0.02 8.20 0.02 36.61 5.00

0830 9.45 0.02 7.62 0.02 7.56 0.02 7.55 0.02 7.51 0.02 7.63 0.02 7.36 0.02 33.45 5.00

1415 11.22 0.02 7.47 0.02 7.48 0.02 7.48 0.02 7.46 0.02 7.47 0.02 8.19 0.02 35.46 5.00

0840 11.52 0.02 7.49 0.02 7.50 0.02 7.49 0.02 7.73 0.02 7.53 0.02 8.34 0.02 33.25 5.00

1310 11.10 0.02 7.45 0.02 7.43 0.02 7.44 0.02 7.45 0.02 7.47 0.02 8.28 0.02 32.20 5.00

Lbs. NaOH 

Added Notes

Standard Mine Superfund Site
Sedimentation Ponds - pH/Turbidity Log

Pond 2 Pond 3 Pond 4 Pond 5 Elk-00

BH Flow

10-Oct

11-Oct

12-Oct

13-Oct

8-Oct

Pond 1

Entry Pond 1

Time Date

20-Oct

21-Oct

14-Oct

9-Oct

15-Oct

16-Oct

17-Oct

18-Oct

19-Oct

22-Oct

23-Oct

24-Oct

25-Oct

26-Oct
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pH Turb pH Turb pH Turb pH Turb pH Turb pH Turb pH Turb

Lbs. NaOH 

Added Notes

Standard Mine Superfund Site
Sedimentation Ponds - pH/Turbidity Log

Pond 2 Pond 3 Pond 4 Pond 5 Elk-00

BH Flow

Pond 1

Entry Pond 1

Time Date

0825 13.03 0.02 7.65 0.02 7.66 0.02 7.67 0.02 7.68 0.02 7.75 0.02 8.50 0.02 33.18 5.00

1230 10.23 0.02 7.39 0.02 7.38 0.02 7.40 0.02 7.40 0.02 7.43 0.02 8.18 0.02 31.37 5.00

0930 11.65 0.02 7.71 0.02 7.73 0.02 7.76 0.02 7.79 0.02 7.86 0.02 8.25 0.02 29.86 5.00 Reached 1,000,000 gallons. Switched out floc/coag socks

1535 11.18 0.02 7.48 0.02 7.48 0.02 7.46 0.02 7.45 0.02 7.40 0.02 7.91 0.02 29.79 5.00

0930 11.79 0.02 7.71 0.02 7.75 0.02 7.77 0.02 7.78 0.02 7.86 0.02 8.37 0.02 28.12 5.00

1425 10.81 0.02 7.31 0.02 7.27 0.02 7.22 0.02 7.22 0.02 7.32 0.02 7.90 0.02 27.06 5.00

0830 10.89 0.02 7.69 0.02 7.71 0.02 7.72 0.02 7.73 0.02 7.72 0.02 8.16 0.02 27.39 5.00

1400 11.18 0.02 7.39 0.02 7.03 0.02 6.95 0.02 6.84 0.02 6.68 0.02 7.06 0.02 26.48 5.00

0750 10.41 0.02 6.78 0.02 6.78 0.02 6.77 0.02 6.71 0.02 6.63 0.02 8.26 0.02 26.41 5.00

1140 10.93 0.02 7.39 0.02 7.39 0.02 7.37 0.02 7.38 0.02 7.41 0.02 8.27 0.02 24.40 5.00

0945 12.00 0.02 7.74 0.02 7.79 0.02 7.73 0.02 7.74 0.02 7.76 0.02 8.02 0.02 23.30 5.00

1545 8.85 0.02 6.29 0.02 6.78 0.02 6.60 0.02 6.74 0.02 6.61 0.02 7.64 0.02 22.10 5.00

1000 7.13 0.02 7.11 0.02 7.18 0.02 7.16 0.02 7.15 0.02 7.14 0.02 7.68 0.02 40.48 5.00 Bulkhead pH: 6.13, Turbidity: 0.02, valve adjusted @ 0815

1415 11.89 0.02 7.18 0.02 7.16 0.02 7.17 0.02 7.18 0.02 7.15 0.02 7.42 0.02 38.78 5.00

1100 10.81 0.02 7.46 0.02 7.46 0.02 7.47 0.02 7.51 0.02 7.51 0.02 7.02 0.02 26.03 5.00

1645 11.31 0.02 7.48 0.02 7.47 0.02 7.47 0.02 7.52 0.02 7.51 0.02 7.21 0.02 24.67 5.00

0945 12.61 0.02 7.77 0.02 7.76 0.02 7.75 0.02 7.74 0.02 7.75 0.02 7.07 0.02 2.56 5.00 Bulkhead flow at equilibrium ~2.5 gpm

Total water impunded ~1,245,000 gallons

Averages 10.78 7.42 7.52 2.50 7.50 1.88 7.49 1.62 7.49 1.08 7.46 1.03 7.91 0.02 32.95

No parameters taek in afternoon

28-Oct

27-Oct

3-Nov

4-Nov

29-Oct

30-Oct

31-Oct

1-Nov

2-Nov

Page 2 of 2
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1.0 Purpose & Application 

The following procedures were developed to enhance the flocculation of suspended 
solids entering the settlement ponds from Level 1 at Standard Mine during release of 
mine water that has been impounded by the bulkhead constructed in Level 1.   

2.0 Equipment & Materials* 

• Dry, sodium hydroxide, 99% pure 

• Dry citric acid, 99% pure 

• Perforated 5 gallon bucket 

• HaloKlear™ GelFloc socks 

• HaloKlearTM DBP-2100 socks  

• YSI Professional Plus (or equivalent) and calibration standards 

• Hach 2100Q Portable Turbidimeter (or equivalent) 

• Sand bags 

3.0 Procedure 

1. Ten pounds of dry, crystalline sodium hydroxide will be placed in a 

perforated 5 gallon bucket.  The bucket will be situated in the channel 

downstream of the Level 1 Bypass Adit and upstream of the first 

settling pond water.  The bucket will be positioned such that water 

flowing through the channel flows through the bucket.  The goal is to 

raise the water pH to about 10.   

2. Downgradient of the bucket dispensing sodium hydroxide, a 

HaloKlear™ GelFloc sock will be positioned in the channel.  

HaloKlear™ GelFloc is a fabric “sock” containing a dry form of 

chitosan, an organic coagulant/flocculants.  Downgradient of Pond #1, 

a HaloKlear DBP-2100 coagulant sock will be positioned in the channel 

to further precipitate out suspended solids. 

3. The pH and turbidity of water entering the Level 1 settling ponds, 

exiting each of the five settling ponds, and Elk-00 will be monitored in 

the morning and evening each day during discharge of water 

impounded in Level 1.  A log sheet will be maintained and distributed 

to the project team on a daily basis.  

4. If the water exiting Pond #2 has a pH greater than 8, 4-8 ounces of dry 

citric acid will be applied at the inlet of the third settling pond. 
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5. If turbidity within the ponds rises more than 40 NTU above baseline in 

Pond #5, prior to discharging to the drainage ditch leading to Elk 

Creek, flow will be restricted within Pond #1 by sandbagging the outlet 

and raising the pond level to allow for more settling time. At 

approximately 4,125 square feet, according to project records, raising 

Pond #1 by even 6 inches would provide an extra 15,427 gallons, or 

9.4%, of total storage and residence time. The pond level would be 

closely monitored to ensure that water levels do not reach bank full 

elevations. The sandbags will be slowly removed once turbidity levels 

in Pond #5 have returned to normal.  

If raising the level in Pond #1 does not sufficiently lower turbidity, or if it is 

determined that the flow rate should be reduced, Level 1 will be entered and 

the bulkhead valve adjusted. 

4.0 Attachments 

Attachment 1:  HaloKlear™ GelFloc Product Information Sheet 

Attachment 2:  Safety Data Sheet for citric acid 

Attachment 3:  Safety Data Sheet for sodium hydroxide 

Attachment 4:  Turbidity and pH logs 

 

 

Notes: 

* All materials will be securely stored away from surface water features such that in 
the case of a spill. 
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Arsenic Concentrations During Level 1 Discharge of Impounded Water
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Cadmium Concentrations During Level 1 Discharge of Impounded Water
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Copper Concentrations During Level 1 Discharge of Impounded Water
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Lead Concentrations During Level 1 Discharge of Impounded Water
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Zinc Concentrations During Level 1 Discharge of Impounded Water
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APPENDIX B: 2019 GRAB SAMPLE FIELD FORMS 
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APPENDIX C: 2019 GRAB SAMPLE LABORATORY RESULTS 




