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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 2018 and evaluates the 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 contaminants of 
potential concern (COPC) concentrations 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.  

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 June and October. On June 29 and October 2, 2018, grab samples 
were collected from four locations in Elk Creek (ELK-11, ELK-08, ELK-5, and ELK-00) and 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. Stream flow was also measured at all locations in Elk Creek. 

• 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 
percent difference (RPD) 20 percent or less. If there is not strong correlation between the grab 
and MiniSipper samples, the MiniSipper data will not be evaluated relative to WQS.  
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• 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 SMIMP. 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 was used to characterize snowpack and precipitation from 2010 to 2018. 

2.0 SAMPLE COLLECTION ACTIVITIES 

MiniSippers were deployed in October 2017 at five 
locations: LEVEL-3, LEVEL-1, ELK-00, ELK-05, and ELK-08 
(Figure 1). Field staff replaced and deployed MiniSippers 
on June 29, 2018 and October 2, 2018. Field staff also 
collected water quality grab samples, flow 
measurements, and field parameters per the terms of 
the SAP-QAP during the June and October sample events. 
Grab samples were submitted to the ESAT laboratory 
immediately following sample collection. MiniSipper 
samples were submitted to the ESAT laboratory after the 
samples were extracted by USGS staff. 

During the June sample event there was some confusion regarding the location and sampling objectives 
for ELK-11: Elk Creek upstream of the Level 1 Outfall. Three grab samples were collected as part of the 
June sample event. After additional discussion, the sample team agreed on the final location of ELK-11 
(Elk Creek immediately upstream of the confluence with the Level 1 Outfall). The purpose of monitoring 
at ELK-11 is to characterize water quality in Elk Creek immediately upstream of the confluence with the 
Level-1 Outfall (not to characterize conditions upstream of the Standard Mine). The final location was 
photographed, and the coordinates were recorded on a GPS. In October 2018, field staff sampled ELK-11 
from the specified location. 

 

1 Regulation 31 (effective date 1/31/18) provides the basic standards and methods for surface water. 
2 Regulation 35 (effective date 12/31/17) 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://www.colorado.gov/pacific/sites/default/files/303d_LM_2018.pdf 

Photo 1. Tiger salamander near the confluence 
of Elk Creek and the Copley Lake drainage on 
October 2, 2018. 
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Figure 1. Water sample locations and mine site features at the Standard Mine site (HDR, 2018). 

 

3.0 CONTEXTUAL DATA 

3.1 LEVEL 1 BULKHEAD OPERATIONS 

The Level 1 Bulkhead was closed on April 12, 2018 to test the bulkhead’s performance and to measure 
the rate of water impoundment behind the bulkhead. HDR, the EPA RA contractor, collected data to 
characterize the rate of water impoundment in the mine workings. 

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 will remain 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). 

The sampling port located near the Level 1 Bulkhead valve was used to collect grab samples during 
2018. The Level 1 Bypass Adit samples were composed of natural seepage from the outby portion of the 
Bypass Adit or from water backed up within the original Level 1 Adit. 
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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 2018, the Schofield Pass site recorded 
31.2 inches of precipitation which is the driest year on record for the Schofield Pass site6. 

In October 2017, Schofield Pass had a snow water equivalent (SWE) of 0.4 inches which is above the 
2010 to 2018 median SWE for October (Figure 2). In November and December, SWE accumulated on par 
with the 2010 to 2018 median. However, in January 2018, the SWE fell below the 2010 to 2018 median 
and never recovered. In 2018 the peak SWE was recorded on April 22, 2018 at 28.7 inches (Figure 2). 
The snowpack at Schofield Pass had melted by May 29, 2018, which is much earlier than a median year 
type, but comparable to other dry years (Figure 2). 

Figure 2. Snow water equivalent in inches at the Schofield Pass SNOTEL site (#737) in 2018 (values 
reported on chart) and 2012 (a representative dry year), 2011 (a representative wet year), and the 
2010 to 2018 monthly medians. 

 

From May to September 2018, monthly precipitation totals were lower than the 2010 to 2018 median 
(Figure 3). The June 2018 precipitation total of 0.4 inches was 57% of the 2010 to 2018 median. 
Coupled with early snow melt, June 2018 was likely one of the driest periods within the high flow data 
set for the site. The September 2018 precipitation total of 0.8 inches was 40% of the 2010 to 2018 
median and a very dry period within the low flow data set for the site.  

 

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. 
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Figure 3. Precipitation in inches at the Schofield Pass SNOTEL site (#737) in 
2018 (values reported on chart) and 2012 (a representative dry year), 2011 
(a representative wet year), and the 2010 to 2018 monthly medians. 

 

3.3 STREAM FLOW 

Elk Creek is a snowmelt driven stream. In 2018, the snow water equivalent peaked in late April and 
stream flow peaked shortly after on May 11, 2018 at 14.4 cfs (Figure 5). Grab sample collection occurred 
on June 29, 2018 approximately seven weeks after the peak flow was measured at the Elk Creek flume. 
Grab sample collection also occurred on October 2, 2018 and was characteristic of the extreme low flow 
conditions observed throughout the late summer and fall of 2018. 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 HISTORIC 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 “historic” 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 
conditions in 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 2018 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 as planned. However, the long deployment time prevented 
MiniSipper samples collected early in the deployment period from attaining the holding time (i.e. first 
MiniSipper samples were collected in October 2017 and submitted for laboratory analysis in July 2018, 
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. 

• In 2011 the ROD did not envision that the bulkhead would be closed during the first year of the 
interim monitoring period. The Level 1 Bulkhead was closed on April 12, 2018 and opened on 
October 9, 2018. The bulkhead was closed when grab samples were collected in June and 
October of 2018. 

• The MiniSipper at ELK-05 failed on April 6, 2018 which resulted in 20 fewer samples than 
anticipated. 

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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• The MiniSipper at ELK-08 failed on January 27, 2018 which resulted in 79 fewer samples than 
anticipated. The MiniSipper at ELK-08 failed a second time, on September 2, 2018 which 
resulted in 17 fewer samples than anticipated. 

4.2 FIELD QUALITY CONTROL SAMPLES  

Field blanks and field duplicates were preserved, packaged, and sealed in the same manner as other 
water quality 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 blank collected on June 29, 2018 were less than the respective 
method detection limit (MDL). On October 2, 2018, all parameters, except for dissolved calcium, 
measured in the field blank were less than MDLs. The dissolved calcium concentration was estimated at 
1.27 mg/L (i.e. between MDL and MRL) and accounted for less than 10 percent of the minimum 
concentration measured in field samples. Thus, it was not necessary to qualify any data as a result of the 
dissolved calcium measured in the field blank. 

4.2.2 ASSESSMENT OF FIELD VARIABILITY (FIELD DUPLICATES) 

On June 29, 2018, a field duplicate was collected from the Level-1 Bulkhead. The relative percent 
difference for dissolved lead was in excess of the QA-QC criterion (i.e. > 50%). No dissolved lead results 
were qualified or omitted from the data set based on the field duplicate results. 

A field duplicate was collected during the October 2, 2018 sample event. However, the sample was 
submitted to TestAmerica Laboratories, Inc. along with samples collected to characterize conditions 
prior to the bulkhead opening. No dissolved lead results were qualified or omitted from the data set 
based on the field duplicate results. 

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 in excess of +/- 20 percent for multiple 
metals in the sample, the sample was rejected due to suspected contamination. Metal concentrations in 
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, 4 MiniSipper samples were rejected due to potential contamination. The analysis 
includes 32 valid samples. 
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• At ELK-05, 11 MiniSipper samples were rejected due to potential contamination. The analysis 
includes 114 valid samples. 

• At ELK-00, 13 MiniSipper samples were rejected due to potential contamination. The analysis 
includes 140 valid samples. 

The MiniSipper samples are 5-10 mL and do not meet the minimum volume requirements for WQS 
evaluation. Thus, 250 mL grab samples are used to validate the MiniSipper results to allow for WQS 
evaluation. 

In 2018 the MiniSippers were deployed on the same days that the grab samples were collected. As 
mentioned above, coil conditioning issues typically invalidate the first one to three MiniSipper samples. 
In 2018 the MiniSipper samples collected on the same day as the grab samples were rejected due to coil 
conditioning issues. Thus, it was not possible to validate the MiniSipper samples using the grab sample 
results from June 29, 2018 and October 2, 2018. 

The Coal Creek Watershed Coalition (CCWC) collected five grab samples from ELK-00 in water year 2018. 
These grab samples were used to validate the MiniSipper samples. The CCWC samples are collected 
using nearly identical sample protocols and were also analyzed by the ESAT Laboratory. 

Variability between the grab sample and MiniSipper sample was largest in December 2017. However, 
the grab sample was collected on December 11 and the MiniSipper sample was collected on December 
12, 2017 which limits the rigor of the comparison. Overall, there was relatively strong correlation 
between the grab and MiniSipper samples (Table 3).  
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Table 3. Metal concentrations and relative percent differences (RPD) in paired grab and MiniSipper samples 
collected from ELK-00 during water year 2018. 

 

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 concentrations7. 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 Methodology8. 
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. 

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 

 

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

Location:

Date:

Sample type: Grab MiniSipper RPD
2

Grab MiniSipper RPD Grab MiniSipper RPD Grab MiniSipper RPD Grab MiniSipper RPD

Hardness (mg/L) 88 78 12% 52 77 39% 58 56 4% 67 61 9% 77 70 10%

Dissolved cadmium (ug/L) 1.02 0.95 7% 0.73 0.82 11% 0.91 0.92 1% <0.5 1.57 103% 0.87 1.18 30%

Dissolved copper (ug/L) 0.89 8.97 164% 2.17 1.08 67% 1.35 1.67 21% <2.5 1.15 NA 1.32 1.02 26%

Dissolved lead (ug/L) <0.1
3

1.17 169% <0.1 <0.1 NA <0.1 0.161 (J) 47% <0.5 0.22 (J) NA <0.1 <0.1 NA

Dissolved zinc (ug/L) 248 171 37% 179 175 2% 181 178 2% 160 160.00 0% 161 166.00 3%

Dissolved iron (ug/L) <100 184 59% <100 <100 NA <100 <100 NA <100 <100 NA <100 <100 NA

Dissolved manganese (ug/L) <2 3.30 49% <2 <0.25 NA <2 <0.25 NA 2.57 <0.25 165% <2 <0.25 NA

Notes

1. The grab sample was collected on 12/11/17 and the MiniSipper sample was collected on 12/12/17. 

2. RPD= relative percent difference. PRDs greater than 50 percent are presented in red.

3. Where one result was less than the method detection limit (MDL) and the MDLs were equal, an RPD was calculated using the value of the MDL. The RPD is 

an estimate of the minimum difference between the two samples. 

4/25/18 6/27/18 7/25/18 9/20/1812/11/20171

ELK-00
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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 October 16, 2017: Area-based estimate using flow measured at the Coal Creek 
gage. The Elk Creek flume was not operational in early October 2017. 

• October 17 to November 15, 2017: Elk Creek flume. 

• November 16 to April 1, 2018: Area-based estimate using flow measured at the Slate River gage. 

• April 2 to September 30, 2018: 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 June 29 and October 2, 
2018 corroborated the area-based flow estimates for that date. 

5.2.2 METAL CONCENTRATIONS 

The MiniSippers collected water samples every 7 to 8 days from October 2017 to mid-April 2018. From 
mid-April to late June, the MiniSipper collected samples daily. From late June to late September, the 
MiniSipper collected 3 to 4 samples per week. 

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 failed to sample at ELK-08 and ELK-05, metal concentrations were not 
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 a 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 
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 
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iron and manganese. Instantaneous loads were not calculated for grab samples. 

6.0 2018 MONITORING RESULTS 

6.1 GRAB SAMPLE RESULTS 

Table 5 summarizes analyte concentrations measured in grab samples collected on June 29, 2018 and 
October 2, 2018.  

The Level 1 Bulkhead was closed on both June 29,2018 and October 2, 2018. Metal concentrations 
measured in the Level 1 mine workings exceeded metal concentrations measured in the Level 1 Outfall 
Channel and in Elk Creek (Table 4). Metal concentrations measured in Level-3 also exceeded the 
concentrations measured in the Level 1 Outfall Channel and in Elk Creek (Table 4). 

Except for dissolved lead on June 29, 2018, all metal concentrations measured in the Level 1 Outfall 
Channel exceeded concentrations measured in Elk Creek upstream of the Level 1 Outfall Channel (Table 
4, ELK-11 and LEVEL-1 OUTFALL). 

Metal and hardness concentrations typically decreased as distance from the Site increased, as expected 
due to dilution and or metal precipitation (Table 4). This pattern was also apparent in the MiniSipper 
results. 

On both June 29 and October 2, 2018 dissolved cadmium, copper, lead, zinc, iron, and manganese 
concentrations at ELK-00 were equal to or less than the minimum concentrations measured from April 
to June and July to March from 2010 to 2015 (Tables 2, 3 and 4). This is likely attributed to the 
bulkhead’s closure during grab sample collection in 2018. 

Table 4. Summary of grab sample results collected from the Standard Mine Site on June 29, 2018 and October 2, 
2018. 

 

Location:

Date: 6/29/18 10/2/18 6/29/18 10/2/18 6/29/18 10/2/18 6/29/18 10/2/18 6/29/18 10/2/18

Hardness (mg/L) 38 95 96 168 65 101 60 80 60 77

Dissolved cadmium (ug/L) 2.23 7.38 5.76 24.5 2.34 2.74 0.98 1.16 0.91 0.865

Total cadmium (ug/L) 2.16 8.22 5.91 27.3 2.52 3.07 0.918 1.28 0.95 (J) 1.00(J)

Dissolved copper (ug/L) 3.33 2.42 7.92 7.61 2.18 2.48 1.12 1.47 1.2 1.02

Total copper (ug/L) 3.27 (J)
3

3.31 (J) 9.56 12.9 3.74 2.65 <2.5 1.31 <2.5 <2.5

Dissolved lead (ug/L) 0.94 (J) 0.17 (J) 0.88 0.491 <0.1 0.22 <0.1 0.151 (J) <0.1 <0.1

Total lead (ug/L) 1.98 1.04 1.89 7.31 5.66 0.60 <0.5 0.14 <0.5 <0.5

Dissolved zinc (ug/L) 652 2210 1000 5600 516 598 200 236 191 168

Total zinc (ug/L) 630 2100 995 5810 572 607 203 234 193 175

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

Total iron (ug/L) <100 <100 <100 <100 102 <100 <100 <100 <100 <100

Dissolved manganese (ug/L) 20.6 31.9 76 423 <2 2.54 <2 1.4 <2 <2

Total manganese (ug/L) 21.3 32.3 77 437 50.5 4.3 2.28 1.58 <2 <2

Notes

1. A field duplicate was collected at the Level-1 Bulkhead on June 29, 2018.

2. RPD= relative percent difference. 

3. (J)= estimated result, where the concentration was between the MDL and MRL.

4. NM= not measured.

ELK-05 ELK-00ELK-11 LEVEL-1 OUTFALL ELK-08
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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 JUNE 29, 2018 GRAB SAMPLES 

On June 29, 2018 a maximum hardness of 65 mg/L was measured at ELK-08 (Table 5). Hardness 
concentrations declined as distance from the site increased, which may be attributed to dilution as the 
watershed area increased. At all three locations, the hardness concentrations measured on June 29, 
2018 were near the median concentration measured in the MiniSipper samples collected throughout 
water year 2018. High flow conditions in Elk Creek are typically characterized by low hardness 
concentrations (i.e. 20-30 mg/L). As discussed in Section 3.3, the June grab samples were collected 
approximately seven weeks after peak runoff occurred. 

All locations in Elk Creek exceeded the chronic cadmium standard on June 29, 2018 (Table 5). 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 5). 

The dissolved lead concentration at ELK-11 exceeded the chronic standard; however, the measured 
concentration was estimated (Table 5). All other samples collected from Elk Creek on June 29, 2018 
attained the chronic and acute lead standards. 

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 June 29, 2018 and attained the water 
supply standard (Table 5). 

All locations in Elk Creek attained water supply standard (Table 5).  
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Table 5. Standards evaluation of grab samples collected from Elk Creek on June 29, 2018. Locations presented 
from upstream to downstream. Standards are presented in grey. 

 

  

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

Segment

38 65 60 60

Dissolved Cadmium 2.23 2.34 0.98 0.91

Chronic Aquatic Life Standard 0.35 0.52 0.49 0.49

Acute Aquatic Life Standard 0.7 1.2 1.1 1.1

Attains Chronic Standard No No No No

Attains Acute Standard No No Yes Yes

Dissolved Copper 3.33 2.18 1.12 1.2

Chronic Aquatic Life Standard 3.9 6.2 5.8 5.8

Acute Aquatic Life Standard 5.4 9.0 8.3 8.3

Attains Chronic Standard Yes Yes Yes Yes

Attains Acute Standard Yes Yes Yes Yes

Dissolved Lead 0.94 <0.1 <0.1 <0.1

Chronic Aquatic Life Standard 0.9 1.6 1.4 1.4

Acute Aquatic Life Standard 22 40 37 37

Attains Chronic Standard No Yes Yes Yes

Attains Acute Standard Yes Yes Yes Yes

Dissolved Zinc 652 516 200 191

Chronic Aquatic Life Standard 50 82 76 76

Acute Aquatic Life Standard 66 108 101 101

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 20.6 <2 <2 <2

Domestic Water Supply Standard

Attains Water Supply Standard Yes Yes Yes Yes

Notes:

Hardness (mg/L)

Iron (ug/L) 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.

Standards Evaluation For Elk Creek on June 29, 2018

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)
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6.2.2 OCTOBER 2, 2018 GRAB SAMPLES 

On October 2, 2018 hardness concentrations in Elk Creek were higher than in June and there was little 
variation in hardness up and downstream of the confluence with the Level 1 Outfall (Table 6). The 
maximum hardness was measured at ELK-08 (Table 6). The increased hardness concentrations increased 
aquatic life standards (i.e. cadmium, copper, lead, and zinc) relative to June 2018 (Tables 5 and 6). 

All locations in Elk Creek exceeded the chronic cadmium standard on October 2, 2018. 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. The attainment pattern was identical to 
June (Tables 5 and 6). 

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

Dissolved lead concentrations were near or less than MDL at all sample locations and attained both the 
chronic and acute lead standards. 

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

Like the June sample event, all dissolved iron concentrations were less than the MDL on October 2, 2018 
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 October 2, 2018. Locations presented 
from upstream to downstream. Standards are presented in grey. 

 

  

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

Segment

95 101 80 77

Dissolved Cadmium 7.38 2.74 1.16 0.87

Chronic Aquatic Life Standard 0.69 0.72 0.61 0.59

Acute Aquatic Life Standard 1.7 1.8 1.5 1.4

Attains Chronic Standard No No No No

Attains Acute Standard No No Yes Yes

Dissolved Copper 2.42 2.48 1.47 1.02

Chronic Aquatic Life Standard 8.6 9.0 7.4 7.2

Acute Aquatic Life Standard 12.8 13.6 10.9 10.5

Attains Chronic Standard Yes Yes Yes Yes

Attains Acute Standard Yes Yes Yes Yes

Dissolved Lead 0.17 <0.1 0.15 <0.1

Chronic Aquatic Life Standard 2.4 2.5 2.0 1.9

Acute Aquatic Life Standard 61 65 51 49

Attains Chronic Standard Yes Yes Yes Yes

Attains Acute Standard Yes Yes Yes Yes

Dissolved Zinc 2210 598 236 168

Chronic Aquatic Life Standard 116 122 99 96

Acute Aquatic Life Standard 153 161 131 126

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 31.9 2.54 1.4 <2

Domestic Water Supply Standard

Attains Water Supply Standard Yes Yes Yes Yes

Notes:

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

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.

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.

Iron (ug/L) 300

Manganese (ug/L) 50

Zinc (ug/L)

1. All standards refer to the dissolved sample fraction.

Hardness (mg/L)

Cadmium (ug/L)

Copper (ug/L)

Lead (ug/L)

Parameter
11

Standards Evaluation For Elk Creek on October 2, 2018
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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 
sub-sections below. The overall WQS attainment rates for Elk Creek are presented in Section 6.2.7. 

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 2018, Elk Creek lacked 
assimilative capacity for cadmium. 

Figure 5. Dissolved cadmium concentrations and acute and chronic aquatic life standards. 
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Dissolved copper concentrations exceeded the acute and chronic standards in mid to late October 2017 
(Figure 6). The available data suggest that Elk Creek has assimilative capacity for copper during certain 
portions of the year; however, the specific period is unclear because the MiniSipper failed to collect 
samples from late January to late June, which includes spring runoff. 

Figure 6. Dissolved copper concentrations and acute and chronic aquatic life standards. 

 

Dissolved lead concentrations exceeded the chronic standard in mid to late October 2017 (Figure 7). The 
available data suggest that Elk Creek may have assimilative capacity for lead during certain portions of 
the year; however, the specific period is unclear because the MiniSipper failed to collect samples from 
late January to late June, which includes spring runoff. 
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Figure 7. Dissolved lead concentrations and acute and chronic aquatic life standards. 

 

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 2018, Elk Creek lacked 
assimilative capacity for zinc. 

Figure 8. Dissolved zinc concentrations and acute and chronic aquatic life standards. 

 

Dissolved iron concentrations exceeded the water supply standard in mid to late October 2017 (Figure 
9). The available data suggest that Elk Creek has assimilative capacity for iron during certain portions of 
the year; however, the specific period is unclear because the MiniSipper failed to collect samples from 
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late January to late June, which includes spring runoff. 

Figure 9. Dissolved iron concentrations and the water supply standard. 
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One dissolved manganese sample collected in mid-October 2017 exceeded 50 ug/L; however, the 30-
day average remained below the water supply standard. (Figure 10). The available data suggest that Elk 
Creek has assimilative capacity for manganese during certain portions of the year; however, the specific 
period is unclear because the MiniSipper failed to collect samples from late January to late June, which 
includes spring runoff. 

Figure 10. Dissolved manganese concentrations and the water supply standard. 
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6.2.5 ELK CREEK DOWNSTREAM OF CONFLUENCE WITH COPLEY LAKE DRAINAGE (ELK-05) 

Dissolved cadmium concentrations generally hovered near or above the acute standard from October 
2017 to April 2018. From late June to mid-July 2018 dissolved cadmium concentrations exceeded the 
acute standard (Figure 11). From mid-July to October 2018 dissolved cadmium concentrations were 
greater than the chronic cadmium standard, but less than the acute standard. Because the chronic 
standard was exceeded throughout 2018, Elk Creek lacked assimilative capacity for cadmium. 

Figure 11. Dissolved cadmium concentrations and acute and chronic aquatic life standards. 
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Dissolved copper concentrations were less than the chronic and acute standards from October 2017 to 
early March and from July to September 2018 (Figure 12). The available data suggest that Elk Creek has 
assimilative capacity for copper during certain portions of the year; however, the specific period is 
unclear because the MiniSipper failed to collect samples from early April to late June, which includes 
spring runoff. 

Figure 12. Dissolved copper concentrations and acute and chronic aquatic life standards. 
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Dissolved lead concentrations exceeded the chronic standard in mid-October 2017 and in late June and 
early July (Figure 13). The available data suggest that Elk Creek has assimilative capacity for lead during 
certain portions of the year; however, the specific period is unclear because the MiniSipper failed to 
collect samples from early April to late June, which includes spring runoff. 

Figure 13. Dissolved lead concentrations and acute and chronic aquatic life standards. 
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Dissolved zinc concentrations exceeded the chronic and acute standards for most on the year. From late 
July to early September 2018 dissolved zinc concentrations fell below the acute standard but remained 
above the chronic standard (Figure 14). Despite a data gap from early April to late June, Elk Creek likely 
lacked assimilative capacity for zinc during all months in 2018. 

Figure 14. Dissolved zinc concentrations and acute and chronic aquatic life standards. 

 

All dissolved iron concentrations were less than the water supply standard (Figure 15). The available 
data suggest that Elk Creek has assimilative capacity for iron during much of the year; however, the data 
set lacks samples from early April to late June, which includes spring runoff. 
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Figure 15. Dissolved iron concentrations and the water supply standard. 
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All dissolved manganese concentrations were less than the water supply standard (Figure 16). The 
available data suggest that Elk Creek has assimilative capacity for manganese during much of the year; 
however, the data set lacks samples from early April to late June, which includes spring runoff. 

Figure 16. Dissolved manganese concentrations and the water supply standard. 
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6.2.6 ELK CREEK UPSTREAM OF THE CONFLUENCE WITH COAL CREEK (ELK-00) 

Dissolved cadmium concentrations exceeded the chronic standard but attained the acute standard from 
October 2017 to mid-May 2018. Following peak runoff, when snowmelt continued to dilute the system 
and reduce hardness concentrations and the standards, cadmium concentrations increased and 
exceeded the chronic and acute standards from mid-May to October 2018, with few exceptions (Figure 
17). Because the chronic standard was exceeded throughout 2018, Elk Creek lacked assimilative capacity 
for cadmium. 

Eighty-six percent of the dissolved cadmium concentrations measured between April and June 2018 
were lower than the historic minimum cadmium concentration of 1.07 ug/L and all samples were less 
than the historic maximum of 1.45 ug/L. 

During the remainder of the year dissolved cadmium concentrations ranged from 0.73 to 3.18 ug/L; 
where 19 percent of the results were less than the historic minimum concentration of 0.94 ug/L and 35 
percent were greater than the historic maximum concentration of 1.38 ug/L. The increased range in 
sample concentrations measured during water year 2018 may be partly attributed to increased sample 
frequency. 

Figure 17. Dissolved cadmium concentrations and acute and chronic aquatic life standards. 
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From late October to mid-December 2017 and from late May to early June dissolved copper 
concentrations exceeded the chronic and acute standards (Figure 18). From late December 2017 to late 
May 2018 and mid-June 2018 to October dissolved copper concentrations attained the chronic and 
acute standards and Elk Creek had assimilative capacity for copper. 

During April to June 2018, 53 percent of the dissolved copper concentrations were lower than the 
historic minimum cadmium concentration of 2.2 ug/L. 

During the remainder of the year 82 percent of the dissolved copper concentrations were less than the 
historic minimum concentration of 2.0 ug/L. Eleven percent of the dissolved copper concentrations 
measured during low flow conditions were greater than the historic maximum concentration of 4.67 
ug/L. The increased range in sample concentrations measured during water year 2018 may be partly 
attributed to increased sample frequency. 

Figure 18. Dissolved copper concentrations and acute and chronic aquatic life standards. 
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From late October to mid-November dissolved lead concentrations exceeded the chronic standard 
(Figure 19). Aside from this period, Elk Creek had assimilative capacity for lead. 

During April to May 2018, 62 percent of samples were less than or equal to the historic minimum 
concentration of less than 0.1 ug/L and all concentrations were less than the historic maximum of 2.21 
ug/L.  

During the remainder of the year dissolved lead concentrations ranged from <0.1 ug/L to 2.25 ug/L. 
Three samples had dissolved lead concentrations in excess of the historic maximum of 1.9 ug/L. 
Dissolved lead concentrations were more consistent with the historic range of concentrations than 
cadmium or copper. 

Figure 19. Dissolved lead concentrations and acute and chronic aquatic life standards. 
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Dissolved zinc concentrations exceeded the chronic and acute standards throughout 2018 (Figure 20). 
Because the chronic standard was exceeded throughout 2018, Elk Creek lacked assimilative capacity for 
zinc. 

During April to June 2018, dissolved zinc concentrations ranged from 132 to 277 ug/L. Eighty percent of 
the results were less than the historic minimum of 241 ug/L and all results were less than the historic 
maximum of 334 ug/L. 

During low flow conditions, which includes the months of July to March, dissolved zinc concentrations 
ranged from 134 to 277 ug/L. Eighty-eight percent of the results were less than the historic minimum of 
184 ug/L and all results were less than the historic maximum of 326 ug/L. 

Figure 20. Dissolved zinc concentrations and acute and chronic aquatic life standards. 

 

Although a single dissolved iron result exceeded the value of the water supply standard, the standard 
was attained based on the 30-day average (Figure 21). Elk Creek had assimilative capacity for iron for 
nearly all of 2018. Like historic dissolved iron concentrations most of the results were less than the 
method detection limit. 
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Figure 21. Dissolved iron concentrations and acute and chronic aquatic life standards. 
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All dissolved manganese concentrations were less than the water supply standard and Elk Creek had 
assimilative capacity in 2018 (Figure 22). In 2018 dissolved manganese concentrations were consistent 
with historic concentrations where a majority of the results are less the method detection limit. 

Figure 22. Dissolved manganese concentrations and acute and chronic aquatic life standards. 

 

6.2.7 WATER QUALITY STANDARDS SUMMARY 

Table 7 summarizes WQS attainment by location in Elk Creek. At all three locations in Elk Creek and at 
the segment scale dissolved cadmium and zinc concentrations exceeded the chronic and acute aquatic 
life standards. Copper, lead, iron and manganese attained WQS. 

Table 7. Water quality standards attainment by location in Elk Creek and in Segment 11- Elk Creek. Locations 
presented from upstream to downstream9. 

 

  

 

9 When paired standards evaluations are completed, the percent attainment results of less than 85 percent indicate 
impairment of the standard. 

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 32 0 3 94 94 84 100 0 0 88 97

ELK-05 114 0 72 100 100 96 100 0 24 100 100

ELK-00 140 0 53 84 90 98 100 0 0 99 100

Segment 11- Elk Creek 286 No No Yes Yes Yes Yes No No Yes Yes

Cadmium Copper Lead Zinc

Percent results less 

than water supply

Location
Number of 

Samples
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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) 

Due to data gaps from MiniSipper malfunctions it was not possible to calculate metal loads from January 
27, 2018 to July 2, 2018. Because the data gap includes spring runoff, an integral component of metal 
loading in Elk Creek additional discussion is not presented. Figures 23 to 27 present measured and 
interpolated loads for dissolved cadmium, copper, lead, zinc, and manganese. Iron loads were not 
calculated. In most samples dissolved iron concentrations were less than the MDL. 

Figure 23. Measured and interpolated dissolved cadmium loads and stream flow. 
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Figure 24. Measured and interpolated dissolved copper loads and stream flow. 

 

Figure 25. Measured, interpolated, and estimated dissolved lead loads and stream flow. 
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Figure 26. Measured and interpolated dissolved zinc loads and stream flow. 

 

Figure 27. Measured, interpolated, and estimated dissolved manganese loads and stream flow. 
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6.3.2 ELK CREEK DOWNSTREAM OF CONFLUENCE WITH COPLEY LAKE DRAINAGE (ELK-05) 

Due to data gaps from MiniSipper malfunction it was not possible to calculate metal loads from April 7, 
2018 to June 28, 2018. Because the data gap includes spring runoff, an integral component of metal 
loading in Elk Creek additional discussion is not presented. Figures 28 to 32 present measured and 
interpolated loads for dissolved cadmium, copper, lead, zinc, and manganese. Iron loads were not 
calculated. In most samples dissolved iron concentrations were less than the MDL. 

Figure 28. Measured and interpolated dissolved cadmium loads and stream flow. 

 

Figure 29. Measured and interpolated dissolved copper loads and stream flow. 
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Figure 30. Measured, interpolated, and estimated dissolved lead loads and stream flow. 

 

Figure 31. Measured and interpolated dissolved zinc loads and stream flow. 
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Figure 32. Measured and interpolated dissolved manganese loads and stream flow. 

 

  



 

40 

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

Dissolved cadmium loading generally paralleled stream flow, but loads peaked slightly after peak flow 
(Figure 33). During the first week of July, 0.3 inches of rain fell at the Schofield Pass SNOTEL site, which 
could account for the brief increase in dissolved cadmium loading observed in early July 2018. This brief 
increase in loading was also observed in the lead, zinc, and manganese loading profiles. 

Figure 33. Measured and interpolated dissolved cadmium loads and stream flow. 
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Aside from fall 2017, dissolved copper loading generally paralleled stream flow. Dissolved copper loads 
peaked and remained elevated during the falling limb of runoff (Figure 34). In mid-November, Schofield 
Pass SNOTEL recorded 2.9 inches of precipitation. This precipitation event could account for the 
increased loading observed in the late fall of 2017. Demobilization was also underway on Site in the late 
fall of 2017 and could account for the elevated dissolved copper loads. 

Figure 34. Measured and interpolated dissolved copper loads and stream flow. 

 

Dissolved lead loading in late 2017 was nearly equal to the loading measured during peak runoff (Figure 
35). As mentioned above, a large precipitation event or demobilization activities in late fall 2017 could 
account for increased loading. 

Figure 35. Measured, interpolated, and estimated dissolved lead loads and stream flow. 
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Dissolved zinc loading generally paralleled stream flow, but loads peaked slightly after peak flow (Figure 
36). During the first week of July, 0.3 inches of rain fell at the Schofield Pass SNOTEL site, which could 
account for the brief increase in dissolved zinc loading observed in early July 2018. This brief increase in 
loading was also observed in the cadmium, lead, and manganese loading profiles. 

Figure 36. Measured and interpolated dissolved zinc loads and stream flow. 

 

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

Dissolved manganese loading generally paralleled stream flow, but loads peaked slightly after peak flow 
(Figure 37). During the first week of July, 0.3 inches of rain fell at the Schofield Pass SNOTEL site, which 
could account for the brief increase in dissolved manganese loading observed in early July 2018. This 
brief increase in loading was also observed in the cadmium, lead, and zinc loading profiles. 

Figure 37. Measured, interpolated, and estimated dissolved manganese loads and stream flow. 
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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 upstream of the Coal Creek 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 38 to 42 where “stepwise” loading occurred 
for all metals, except lead which had a more steady and linear loading pattern. 

• The dissolved cadmium load during spring runoff10 was 1.68 pounds which accounted for 72 
percent of the annual load. 

• The dissolved copper load during spring runoff was 4.27 pounds which accounted for 62 percent 
of the annual load. 

• The dissolved lead load during spring runoff was 0.16 pounds which accounted for 33 percent of 
the annual load. Lead loading in the fall of 2017 comprised a meaningful portion of the annual 
load and is one reason the lead cumulative load profile is different from other metals (Figure 
41). 

• The dissolved zinc load during spring runoff was 395 pounds which accounts for 80 percent of 
the annual load. 

• The dissolved manganese load during spring runoff was 2.29 pounds which accounted for 84 
percent of the annual load 

Figure 38. Cumulative dissolved cadmium and stream flow. 

 

 

10 Where runoff is defined as April 1 to June 30, 2018. 
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Figure 39. Cumulative dissolved copper and stream flow. 

 

Figure 40. Cumulative dissolved lead and stream flow. 
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Figure 41. Cumulative dissolved zinc and stream flow. 

 

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

Figure 42. Cumulative dissolved manganese and stream flow. 

 

Note, it was not possible to calculate cumulative loads at ELK-08 and ELK-05 because the MiniSippers 
failed during critical periods at those locations.  
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7.0 RECOMMENDATIONS 

Adjust MiniSipper programming to collect samples at a daily frequency immediately following 
deployment and prior to anticipated replacement date. When MiniSippers are initially deployed coil 
conditioning issues invalidate the first one to three samples. When MiniSippers are removed sample 
dilution can occur in the last one to three samples collected. Thus, to limit the period affected by 
rejected data, the MiniSippers should collect samples daily immediately following deployment and prior 
to the anticipated removal date. Given that grab sample collection occurs in June and September each 
year, the MiniSippers could collect daily samples in both June and September to allow maximum 
flexibility for sample event scheduling. The only cost associated with this recommendation is some 
additional labor to process additional MiniSipper samples. The analytical costs could remain unchanged 
(i.e. not all additional samples need to be submitted to the laboratory). 

Consider adjusting monitoring schedules. In 2018 USGS and HDR replaced MiniSippers on the same 
days as CCWC and CDPHE staff collected grab water samples. Because coil conditioning and or dilution 
issues cause these samples to be rejected, grab sample collection should occur following MiniSipper 
deployment. 

Use grab samples collected by CCWC (or others) to increase opportunities for MiniSipper sample 
validation. In 2018, the MiniSippers failures and coil conditioning and dilution issues prevented direct 
grab and MiniSipper comparison. Grab samples collected by CCWC at other times of the year allowed for 
sample validation at ELK-00. 

8.0 CONCLUSIONS 

2018 was an exceptionally dry water year where both the snowpack accumulation and summer 
precipitation were well below average. The Level 1 Bulkhead was closed during most of water year 2018. 
These factors make the water year 2018 data set unique. During water year 2018, 60 to 80 percent of 
the annual cadmium, copper, and zinc loads were delivered during spring runoff. It will be useful to 
compare changes in annual loading patterns when the Level 1 Bulkhead is open. 

During spring runoff (April to June) metal concentrations measured in the grab and MiniSipper samples 
were lower than historic concentrations. In the Minisipper samples the majority of dissolved cadmium, 
copper, lead, and zinc concentrations were less than the historic minimum and all concentrations were 
less than the historic maximum concentrations measured in Elk Creek upstream of the confluence with 
Coal Creek (ELK-00). Dissolved iron and manganese concentrations were near or less than method 
detection limits and consistent with historic results. 

During the remainder of the year metal concentrations measured in the grab samples were lower than 
the historic minimum concentrations in Elk Creek near the confluence with Coal Creek. In the MiniSipper 
samples the range in concentrations of dissolved cadmium, copper, and lead were larger than the range 
measured in the historic data set. The increased range may be partly attributed to higher sample 
frequency during the interim monitoring program. In 2018 dissolved zinc concentrations were lower 
than historic concentrations. Dissolved iron and manganese concentrations were near or less than 
method detection limits and consistent with historic results. 

Dissolved cadmium and zinc concentrations exceeded the chronic and acute WQS in Elk Creek. Lead, 
manganese and iron attained the WQS in Elk Creek.  
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APPENDIX A: 2018 GRAB SAMPLE FIELD FORMS 

During grab sample collection events in June and October of 2018, field staff worked in two teams, each 
team had specific responsibilities at each location. Both teams completed field forms at the locations 
where they sampled, in some cases this resulted in repeat measurements of field parameters. Notes 
have been added to each field form to clarify which team and what activity the field form documents. 

Intense rainfall during the October 2, 2018 sample event limited our ability to record information on 
field forms. Additional field notes and field parameters were documented using cell phones. The partial 
field forms are provided in Appendix A, but the forms do not fully document all the information 
collected on October 2, 2018. 

  





















 

 

APPENDIX B: 2018 GRAB SAMPLE LABORATORY RESULTS 




