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Total Maximum Daily Load Assessment North Clear Creek Gilpin County, Colorado May 2008 FINAL TMDL Summary Waterbody Description / WBID



Mainstem of North Clear Creek including all tributaries, lakes, reservoirs, and wetlands from the source to the confluence with Clear Creek, except for the specific listings in Segment 13a. COSPCL13b.



Pollutants Addressed



Dissolved Cadmium, Total Recoverable Iron, Dissolved Manganese, Dissolved Zinc, and Aquatic Life Use.



Use Classifications / Designation



Aquatic Life Cold 2, Recreation 1a, Agriculture / Use Protected



Water Quality Targets Cd-D Fe-TR Mn-D Zn-D



TMDL Goal



Chronic TVS 5400 TVS 740



Acute TVS (tr) none TVS none



Attainment of Aquatic Life Use Classification



EXECUTIVE SUMMARY North Clear Creek watershed drains the mining district above Central City and Black Hawk and then flows southeast to its confluence with the mainstem of Clear Creek (Figure 1). North Clear Creek and its tributaries appear on the Colorado 2006 303(d) list for excessive dissolved cadmium, total recoverable iron, dissolved manganese, and dissolved zinc. The high concentrations of these metals result in non-attainment of the Aquatic Life Cold 2 use classification. The high concentration of metals is primarily the result of mining activity in the watershed from 1859 to the present. The North Clear Creek watershed was placed on the National Priority List for cleanup under Superfund in 1983 in response to concern about the high concentrations of heavy metals (Figure 1). Therefore, the problem of acid mine drainage and high concentrations of heavy metals in the area have been extensively studied by the EPA and CDPHE as part of the Superfund studies including Operable Unit 4 (OU4). The clean-up plans developed as part of OU4 will address the significant sources of metal loading to North Clear Creek including: National Tunnel, Gregory Incline, and Gregory Gulch (OU4 ROD, 2004). Additionally, Nevada and Russell Gulches, which both contribute metal-laden sediment to the listed portion of Segment 13b but do not appear on the 303d list themselves, will have sediment dams installed to reduce sediments from entering the mainstem. OU4 will also include erosion 1 May 2008
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protection measures to address a number of waste rock piles and other sources of metal-laden sediment to North Clear Creek. Attainment of the Aquatic-Life Cold 2 Use classification will primarily depend on the activities of OU4 to address metal loads from abandoned mines. I. INTRODUCTION Section 303(d) of the federal Clean Water Act (“CWA”) requires States to periodically submit to the U. S. Environmental Protection Agency (“EPA”) a list of water bodies that are water quality impaired. Water quality impaired segments are those water bodies that do not meet the water quality standards for one or more assigned use classifications. The list of impaired water bodies is referred to as the “303(d) List”. For water bodies and streams on the 303(d) List a Total Maximum Daily Load (TMDL) is used to determine the maximum amount of a pollutant that a water body may receive and still maintain water quality standards. The TMDL is the sum of the Waste Load Allocation (WLA) which is the load from point source discharges, Load Allocation (LA) which is the load attributed to natural background and/or non-point sources, and a Margin of Safety (MOS) (Equation 1). (Equation 1)



TMDL=WLA+LA+MOS



The North Fork Clear Creek watershed and its tributaries are included on the 2006 303(d) list for exceeding Aquatic-Life Use standards for cadmium, iron, manganese, and zinc (WQCC, 2006). II. GEOGRAPHICAL EXTENT The headwaters of North Clear Creek are northwest of Central City and Black Hawk (elevation 12,000 ft) and the creek then flows southeast 17.3 miles to its confluence with mainstem Clear Creek (elevation, 7,000 ft.). Several tributaries flow into the mainstem including Chase Gulch, Russell Gulch and Four-Mile Gulch (Figure 2). The larger North Clear Creek watershed is separated into two segments based on the water-quality impacts from historical mining activities. The upper portions of the watershed (Segment 13a), which includes the mainstem and all tributaries above the lowest water supply intakes, have better water-quality than the lower portion of the watershed (Segment 13b). The North Clear Creek drainage basin is characterized by steep-walled canyons and narrow valley floors, and the stream channel is typically ten to twenty feet wide (Tetra Tech, 2004). North Clear Creek flows along Hwy 119 through the town of Black Hawk to the Hwy 119/Hwy 6 junction where North Clear Creek flows into the mainstem Clear Creek. Numerous abandoned mines discharge water containing metals into North Clear Creek and its tributaries. Discharge from the operational Bates Hunter mine is treated. Within the mountain valley, North Clear Creek receives road runoff from Hwy 119, urban runoff from Central City and Black Hawk, and effluent from a wastewater treatment plant and other permitted operations (Table 2). The Clear Creek/Central City area is one of the most extensively mined areas in Colorado. Mining activities began in the area in 1859, when placer gold was found at the mouth of Chicago Creek and in Gregory Gulch between Central City and Black Hawk. As the surficial ore zones were depleted, underground mining and workings were required to access the Tertiary age veins and stocks that contain the sulfide-rich ores, which are host to the precious metals, gold and silver. The sulfide ores also contain other metals such as iron, copper, lead, nickel, zinc, 2 May 2008
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Figure 1. Map of Clear Creek/Central City Superfund site boundary, taken from Final Feasibility Study Report, 2004. 3 May 2008
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Figure 2. Map of North Clear Creek watershed taken from Final Feasibility Study Report, 2004. 4 May 2008
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cadmium, and manganese. Drainage became a significant problem to the area mines as mining depths increased. Like other mining districts in Colorado, the drainage problems were alleviated by driving tunnels below the level of most mine workings. These historical mining operations have resulted in numerous inactive mines and waste piles that permeate the landscape throughout the Clear Creek basin (Tetra Tech, 2004). III. WATER QUALITY STANDARDS Standards Framework Waterbodies in Colorado are divided into discrete units or “segments”. The Colorado Basic Standards and Methodologies for Surface Water, Regulation 31(WQCC 2006b), discusses segmentation of waterbodies in terms of several broad considerations: 31.6(4)(b)…Segments may constitute a specified stretch of a river mainstem, a specific tributary, a specific lake or reservoir, or a generally defined grouping of waters within the basin (e.g., a specific mainstem segment and all tributaries flowing into that mainstem segment. (c) Segments shall generally be delineated according to the points at which the use, physical characteristics or water quality characteristics of a watercourse are determined to change significantly enough to require a change in use classifications and/or water quality standards As noted in paragraph 31.6(4)(c), the use or uses of surface waters are an important consideration with respect to segmentation. In Colorado there are four categories of beneficial use which are recognized. These include Aquatic Life Use, Recreational Use, Agricultural Use and Water Supply Use. A segment may be designated for any or all of these “Use Classifications”: 31.6 Waters shall be classified for the present beneficial uses of the water or the beneficial uses that may be reasonably expected in the future for which the water is suitable in its present condition or the beneficial uses for which it is to become suitable as a goal. Each assigned use is associated with a series of pollutant specific numeric standards. These pollutants may vary and are relevant to a given Classified Use. Numeric pollutant criteria are identified in sections 31.11 and 31.16 of the Basic Standards and Methodologies for Surface Water. Uses and Standards Addressed in this TMDL The Colorado Basic Standards and Methodologies for Surface Water, Regulation 31 identifies standards applicable to all surface waters statewide (WQCC 2006b). The pollutants of concern for this assessment are dissolved cadmium and zinc. The specific numeric standards assigned to the listed stream segments are contained in the Classifications and Numeric 5 May 2008
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Standards for the South Platte River Basin, Laramie River Basin, Republican River Basin, Smoky Hill River Basin, Regulation 38 (WQCC, 2006c) (Table 3). In this instance, cadmium, total recoverable iron, manganese and zinc concentrations exceed Aquatic Life Use-based standards intended to protect against short-term, acutely toxic conditions (acute) and longer-term, sub-lethal (chronic) effects. Aquatic Life Use-based standards for other parameters are attained as are all assigned numeric standards associated with Recreational and Agricultural Use Classifications (Table 1). Date (Cycle Year) of Current Approved 303(d) list: 2006 WBID Segment Description Designated Uses & Impairment Status Mainstem of North Clear Creek including all tributaries, lakes, reservoirs, Aquatic Life Cold 2: Impaired COSPCL13b and wetlands from the source Recreation 1a: Not Impaired to the confluence with Clear Agriculture: Not Impaired Creek, except for the specific listings in Segment 13a.



Table 1. Designated uses and impairment status for Segment 13b, mainstem of North Clear Creek including all tributaries, lakes, reservoirs, and wetlands from the source to the confluence with Clear Creek, except for the specific listings in Segment 13a. Chronic and acute standards are designed to protect against different ecological effects of pollutants (long term exposure to relatively lower pollutant concentrations vs. short term exposure to relatively higher pollutant concentrations). Chronic standards were used in the North Clear Creek TMDL because they represent a more conservative approach than the acute standards. Chronic standards represent the level of pollutants that protect 95 percent of the genera from chronic toxic effects of metals. By reducing metals concentrations to attain the chronic standards, acute standards will also be attained. Per Regulation 31, chronic toxic effects include but are not limited to demonstrable abnormalities and adverse effects on survival, growth, or reproduction (WQCC 2006b). Water Quality Criteria for Impaired Designated Uses WBID Impaired Designated Use Applicable Water Quality Criteria and Status Dissolved Phase Cd (1) / Not Attained Total Recoverable Iron (1) / Not Attained COSPCL13b Aquatic Life Cold 2 Dissolved Phase Mn (1) / Not Attained Dissolved Phase Zn (1) / Not Attained Applicable State or Federal Regulations: (1) Classifications and Numeric Standards for the South Platte River Basin, Laramie River Basin,



Republican River Basin, Smoky Hill River Basin Table 2. Ambient water quality criteria and status for Segment 13b, mainstem of North Clear Creek including all tributaries, lakes, reservoirs, and wetlands from the source to the confluence with Clear Creek, except for the specific listings in Segment 13a.
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The pollutants addressed in this assessment are dissolved cadmium, total recoverable iron, dissolved manganese, and dissolved zinc. The specific numeric standards assigned to the listed stream segments are contained in the Colorado Water Quality Control Commission (WQCC) Regulation No. 38, the Classifications and Numeric Standards for the South Platte River Basin, Laramie River Basin, Republican River Basin, Smoky Hill River Basin. The relevant standards for cadmium and manganese for North Clear Creek are Table Value Standards, which vary based on hardness (Regulation 31). Because hardness fluctuates seasonally, standards are listed on a monthly basis using average monthly hardness calculated from the flow for each sampling date (data from Upper Clear Creek Watershed Association (UCCWA)). The highest hardness values and therefore more lenient standards occurred during low flow, which helped to offset the lack of dilution available at these times (Table 3). However, exceedances of the standard at low flow were common for all of the listed parameters (e.g. Cd, Fe, Mn, Zn). Exceedances were also common on the rising limb of spring runoff when metalladen water is displaced from shallow aquifers by melting snow. North Clear Creek Segment 13b is use-classified as Aquatic Life Cold 2, Recreation 1a, and Agriculture.



Standards as Concentrations Standards as Loads Median Avg. Flow Hardness Cd-D Fe-TR Mn-D Zn-D Cd-D Fe-TR Mn-D Zn-D Month cfs mg/L ug/L ug/L ug/L ug/L lbs/day lbs/day lbs/day lbs/day Jan* 3.0 199 3.7 5400 2075 740 0.06 87.5 33.6 12.0 Feb 2.9 202 3.8 5400 2085 740 0.06 84.6 32.6 11.6 Mar* 4.1 173 3.4 5400 1980 740 0.07 120 43.8 16.4 Apr 12.0 106 2.3 5400 1682 740 0.15 350 109 48.0 May 61.0 51 1.4 5400 1318 740 0.45 1779 434 244 Jun 41.0 61 1.6 5400 1399 740 0.34 1196 310 164 Jul 13.0 103 2.3 5400 1666 740 0.16 379 117 51.9 Aug 6.8 137 2.8 5400 1832 740 0.10 198 67.3 27.2 Sep* 5.0 158 3.1 5400 1921 740 0.08 146 51.9 20.0 Oct 4.2 171 3.3 5400 1972 740 0.08 122 44.7 16.8 Nov* 3.5 185 3.5 5400 2025 740 0.07 102 38.3 14.0 Dec 3.1 196 3.7 5400 2064 740 0.06 90.4 34.6 12.4 * No data available. Concentrations and loads for metals are an average of the previous and following monthly averages.



Table 3. Monthly flow, hardness, and standards for metals in the North Fork Clear Creek. Hardness is calculated from median flow using the equation: hardness = 326.06*Q-0.4509. IV. DISCHARGE PERMITS There are six permitted dischargers within the North Clear Creek basin (Table 4). Four of these are of concern for this TMDL because of the volume they discharge and because they discharge directly to Segment 13b. Waste load allocations must be assigned to each significant loading source. The Black Hawk/Central City Sanitation District, under its current discharge 7 May 2008
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permit, has the potential to contribute a significant (>10% load at mouth) metal loads to North Clear Creek, if it were to discharge at its design capacity. It should be noted that this state-ofthe-art plant discharges well below its effluent limits and well below its design capacity. The Bates Hunter Mine contributes a significant load of total iron during low flow. Bullwhackers Black Hawk does not contribute significant metal loads at any time of the year. Design Dischargers NPDES ID SIC DESC Exp. Date Capacity, mgd Bates Hunter Mine* CO0043168 mine dewatering 2013 0.52 Black Hawk/Central City S.D.* CO0046761 sewer systems 2010 2.00 Bullwhackers Black Hawk Inc* CO0043249 dewatering 2010 0.04 E & W Portals of Moffat Tunnel COG600684 railroads N/A N/A Ameristar Black Hawk Hotel & Casino COG072560 heavy construction 2011 0.003 Fitzgerald’s Casino Expansion COG072566 heavy construction 2011 0.0003 * Dischargers of interest with respect to TMDL. Table 4. Permitted dischargers in 303(d) listed streams segment of North Clear Creek. V. PROBLEM IDENTIFICATION There are hundreds of abandoned mines (both discharging and non-discharging) within the North Clear Creek watershed. An unknown contribution of metals come from ambient loading from the undisturbed surrounding watershed through erosion of exposed, mineralized rock. Within the North Clear Creek watershed there has been widespread mining activity beginning in 1859. One mining operation (Bates Hunter) is presently active. However, most mining tunnels, waste rock piles, and mine tailings have long been abandoned, and these mining features are the primary source of heavy metals loading within the North Clear Creek watershed. Operable Unit 4 (OU4) is defined to include several tunnels, waste rock piles, tailings and groundwater discharges that warrant future remediation (Table 5). According to the final report from Phase II of OU4, the largest source of metal loads to North Clear Creek comes from the Gregory Incline, a continuously discharging tunnel. The Quartz Hill Tunnel is another major source of metal loads to North Clear Creek but most of the water infiltrates the surface and becomes part of the contaminated groundwater and/or base flow in Gregory Gulch. The National Tunnel, another substantial source of metals, discharges to North Clear Creek on the downstream end of Black Hawk. This discharge primarily enters North Clear Creek as surface flow. A secondary source of metals comes from metal-laden sediments that may later become a source for dissolved metals. Nevada Gulch and Russell Gulch are the two largest contributors of metal-laden sediment to North Clear Creek and their contribution is greatest during highest flows. The sediments relationship with water quality is complex in that they may at times act as a sink for metals by adsorbing dissolved metals to the surface of clay particles that are constantly being washed into the stream.
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Gregory Incline Quartz Hill Tunnel National Tunnel



Nevada Gulch Russell Gulch Chase Gulch



Water Quality Control Division



Waste Rock Piles



Groundwater



Niagara Gregory Gulch Centennial Gregory Gulch No. 3 Pittsburgh Mattie May Baltimore Iroquois Anchor Druid Hazeltine Old Jordan Upper Nevada Gulch-Piles Table 5. Largest mine related point and non point sources of metals to the North Fork Clear Creek as identified by OU4 (EPA OU4 ROD 2004). The high metals concentrations in North Clear Creek exceed numeric standards that have been adopted by the WQCC to protect aquatic life. Current temporary modifications to Segment 13b, which are based on ambient quality, are, in most cases, not protective of all aquatic life. Discharges from three tunnels and from Gregory Gulch were found to be acutely toxic to fish, and no trout were found in North Clear Creek from Black Hawk to the mouth. Metal-laden sediments in North Clear Creek are thought to negatively affect trout reproduction and early life stages. Metals such as cadmium, copper, and zinc may accumulate in stream sediments to the point where they impact benthic macroinvertebrate abundance and diversity, which may also impact fish populations (Tetra Tech, 2004). Macroinvertebrate density and diversity were below expected levels, and were severely affected below the Gregory Incline and Gregory Gulch, presumably due to metal toxicity. The general lack of riparian vegetation and bank instability promotes the introduction of sediment, which contain mine wastes into the stream during snowmelt (spring) runoff and storm events (Tetra Tech, 2004). VI. WATER QUALITY GOALS The water quality goal for North Clear Creek (Segment 13b) is attainment of the Aquatic Life Cold 2 use classification, which will support aquatic communities, possibly including reproducing populations of brown trout. Interim remediation goals have been set for Segment 13b in the Final Feasibility Study Report for Operable Unit 4 (Table 6). Interim remediation goals for total recoverable iron do not differ from the current underlying standard. The final report applies hardness calculations based on high (May 1 through August 31) and low (September 1 through April 30) flow seasons. The average hardness values are 80 mg/L during high flow and 184 mg/L during low flow (TDS Consulting, Inc. 2002).
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North Clear Creek, Segment 13b Parameter Underlying (Flow regime) Remediation Goals Standard Cd-D (high/low flow)



1.9/3.5



TVS (1.4-3.8)



Cu-D* (high/low flow)



7.4/15.1



64



Zn-D (high/low flow)



381/675



740



Mn-D (high/low flow)



1531/2021



TVS (1318-2075)



Fe-Trec (high/low flow)



5400/5400



5400



*Current copper concentrations are in attainment of standard. Table 6. Preliminary remediation goals for Segment 13b on North Clear Creek from OU4. TVS calculated with current stream data for entire period of record (1994-2007). Remediation goals and underlying standards are in micrograms per liter. VII. RESTORATION PLANNING AND IMPLEMENTATION To mitigate the problematic metal loads to the North Clear Creek watershed there are ongoing CERCLA cleanup activities within the Clear Creek/Central City Superfund site (COD980717557). Operable Unit 3, in addition to treatment of the Argo Tunnel discharge, called for in-place capping of waste rock piles, tailings piles, and/or slope stabilization of Gregory Gulch, Chase Gulch, Clay County, Boodle Mill, North Clear Creek, and Golden Gilpin Mill waste rock or tailings piles. Operable Unit 4 primarily addresses sources of metals in the North Clear Creek basin. Several remedial actions have been selected for implementation as outlined in OU4 ROD 2004 (Table 7). Specific components of the OU4 include: active treatment of the Gregory Incline and some proportion of Gregory Gulch, passive treatment of the National Tunnel, and mine waste pile work for sediment erosion control. An ROD amendment in 2006 specifically allows for the construction of an on-site repository as a selected remedial action component. The CDPHE and EPA have added the repository component to the previously selected remedies to provide an additional protective, efficient and effective way of addressing mine wastes and potentially disposing of water treatment plant solids (OU3 and OU4 Amendment, 2006). Sediment reduction will be addressed primarily within the watersheds of Russell Gulch and Nevada Gulch with sediment dams and remediation of various rock piles and tailings. Treatment of Gregory Gulch alluvial groundwater likely contains some portion of the discharge from the Quartz Hill Tunnel (Tetra Tech, 2004). Remediation of sediment sources include a 10 May 2008
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combination of run-on/run-off protection, removal, slope and toe protection, capping and/or combinations of these aimed at reducing the erosion and transport of mine waste into the North Clear Creek stream system. Aqueous Sources Gregory Incline Gregory Gulch Groundwater National Tunnel Sediment Sources Russell Gulch Nevada Gulch Niagara Centennial Gregory Gulch No. 3 Pittsburgh Mattie May Balitmore Iroquois Anchor Druid Hazeltine Upper Nevada Gulch-Piles



Future remediation through OU4 active treatment @ Bates Hunter WTF active treatment @ Bates Hunter WTF passive treatment/ sulfate reduction bioreactor Future remediation through OU4 sediment dams sediment dams removal removal erosion protection erosion protection erosion protection erosion protection erosion protection erosion protection erosion protection erosion protection erosion protection



Table 7. Remedial actions planned in the North Clear Creek watershed as outlined in OU4 ROD 2004. VIII. INSTREAM CONDITIONS Hydrology North Clear Creek has a typical high mountain hydrograph, with low flows occurring in the late fall to early spring followed by a large increase in flow, usually in May, due to snowmelt that tails off through the summer (Figure 2, Table 8). Exceedances of the standard are most common during low flow when there is less water in the stream to dilute the metals entering the stream.
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N. Fork Clear Cr at Mouth, Water Years 1995-2007



Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



Median Flow, cfs



25th Percentile Flow, cfs



75th Percentile Flow, cfs



Average Flow, cfs



Acute Flow, cfs (1E3)



3.0 2.9 4.1 12.0 61.0 41.0 13.0 6.8 5.0 4.2 3.5 3.1



2.4 2.3 3.2 8.5 30.5 21.0 8.3 4.0 3.2 3.4 3.0 2.7



3.6 3.7 7.1 20.0 95.0 78.8 20.0 12.0 7.0 5.8 4.6 4.0



3.0 3.2 5.5 15.4 68.0 62.3 17.1 12.1 5.8 5.2 4.1 3.4



1.8 1.9 1.9 2.9 9.4 6.4 3.2 0.1 0.1 1.7 1.9 2.3



Chronic, Flow, cfs (30E3) 2.1 2.1 2.3 3.2 6.2 5.2 2.0 2.0 2.0 2.0 2.7 2.1



Table 8. Hydrologic characteristics (cfs) for North Clear Creek, water years 1995-2007, UGSS gage #6718550, North Clear Creek above mouth.
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Figure 2. Hydrograph of Clear Creek near Idaho Springs, USGS gage 6718300. Water year 1999 represents a wet year while water year 2004 represents a dry year.
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North Clear Creek near Mouth 250



Flow, cfs
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Figure 3. Box and whisker plot of North Clear Creek near Mouth. Boxes represent 25th% and 75th% flows while whiskers represent 5th% and 95th% of flow values. Stars indicate median monthly flow values. POR = WY 1995 – WY 2007. Climate data for the weather station in Idaho Springs, Colorado is summarized below: Average annual precipitation: 15.02 in. (382 mm.) Month of highest precipitation: July (2.5 in. (63.5 mm.)) Month of lowest precipitation: January (0.42 in. (11 mm.)) Average annual snowfall: 77 in. (196 cm.) Average annual temperature: 43.2º F (6.22º C) Month of highest average temperature: July (65.3º F (18.5º C)) Month of lowest average temperature: January (27.2º F (-2.6º C)) (Source: http://www.wrcc.dri.edu/summary/climsmco.html) North Fork Clear Creek flows were summarized from USGS gage #06718550, North Clear Creek above mouth near Black Hawk, Colorado. Acute and chronic low flows were calculated using USEPA DFLOW software. Acute (1E3) and chronic (30E3) flows are biologically based low flows. Biologically-based design flows are intended to measure the actual occurrence of low flow events with respect to both the duration and frequency (i.e., the number of days aquatic life is subjected to flows below a certain level within a period of several years). Although the extreme value analytical techniques used to calculate hydrologically-based design flows have been used extensively in the field of hydrology and in state water quality standards, these methods do not capture the cumulative nature of effects of low flow events because they only consider the most extreme low flow in any given year. By considering all low flow events with a year, the biologically-based design flow method accounts for the cumulative nature of the biological effects related to low flow events. Acute low flows (1E3) refer to single low flow events that occur once in a three year period. Chronic low flows (30E3) refer to 30-day low flow 13 May 2008
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periods which occur once in three year. The use of low flows to calculate load reductions tends to overestimate loading reductions needed to protect desired uses. Load allocations based on median flow are given in Appendix A. As demonstrated in Table 10, exceedance of the cadmium standard occurs throughout the entire range of flows. Iron, manganese, and zinc standards are in attainment primarily during high flow months. The variability in pollutant loading rates induced by hydrologic events may in fact have a beneficial effect on attainment of these water quality standards. Rainfall events, similar to snow melt, may lead to significant short term increases in pollutant concentrations; however, the dilution effect may counteract the increases in concentration.



IX. AMBIENT WATER QUALITY To identify exceedances of the chronic water-quality standard the average concentrations of metals were calculated using the most current available data from the mouth of North Clear Creek (data provided by UCCWA). Exceedances of the standard and percent reductions needed to meet the standard are listed in Tables 7-11. Hardness values were averaged monthly according to 303(d) assessment methodology. Dissolved cadmium concentrations were highest during periods of higher flow, (e.g. April and May) and cadmium exceeded the standard in all months of the year (Table 7). Cadmium exceeded the standard by the largest margin during the first flush in April, which is related to high flows, low hardness and therefore a much lower standard. Station Number



No. of Samples



Period of Record



Source



CC 50 CC 45



109 111



02/94 - 08/07 02/94 - 08/07



UCCWA UCCWA



Location North Fork Clear Creek above confluence with mainstem North Fork Clear Creek above Black Hawk/Central City WWTP



Table 9. Locations of sampling sites, number and source of sample data, and period of record for data on North Fork Clear Creek, Segment 13b. Total iron concentrations were highest in August, when extremely high concentrations were observed on two dates (106,000 g/L on 8/18/1998, 54,000 g/L on 8/10/2004) which were likely attributable to storm events. Since no data were available for the month of September, the average concentration of total iron in September is calculated as the average of the average values in August and October. Therefore, the high concentration of total iron in September is also an artifact of the high values measured in August. August through November, along with February through April, were the only months to exceed the total recoverable iron standard (Table 8). It should be noted that data on iron concentrations were only available as total iron, while the standard is for total recoverable iron. Since total iron is assumed to be greater than or equal to total recoverable iron, iron concentrations as they relate to the standard are overestimated.



14 May 2008



Final



Colorado Department of Public Health and Environment



Water Quality Control Division



Exceedances = X Month
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Table 10. Exceedances of the standard for North Clear Creek (Segment 13b). X indicates the standard is exceeded. Exceedances of the iron standard in August and consequently, September, represent storm events. Dissolved manganese concentrations were in attainment of the standard during months of high flow (i.e. May, June, July); while manganese exceeded the standard in the remaining months of lower median flow (e.g. August through April) (Table 10). Exceedances of the standard coincided with lower flows when there was less water to dilute manganese entering the creek. Dissolved zinc concentrations fluctuated by approximately an order of magnitude in months of low flow versus higher flow months. Similar to manganese, the standard was exceeded in all months except May-July (Table 10). Zinc exceeded the standard by the largest margin in December when flows were very low and the highest average concentration was observed. Data from the entire period of record (1994-2007) was plotted on a time series scale. As illustrated in Figure 4, data from the current time frame, 2000-2007, demonstrated significantly lower average concentrations than the earlier time frame, 1994-1999. The improvements in water quality in the more recent time frame are likely a combination of the result of restoration and remediation activities resulting from the CERCLA cleanup activities, development, and the significantly lower flows which have characterized the North Clear Creek watershed since 2000 (Table 11). Stream concentrations and load reductions will be characterized for both periods of record. There are no acute standards for either total recoverable iron or zinc. Acute cadmium standards for the presence of trout were adopted in 1986 by the Water Quality Control Commission. The National Cadmium Criteria Final Acute Value (FAV) is driven by the toxicity data for the four most sensitive genera. Of these, trout are particularly susceptible to cadmium toxicity with rainbow and brown trout the two most sensitive species in the National Data Base. While these criteria should be protective of most uses, it may not be adequate for waters 15 May 2008
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supporting significant trout populations. In an attempt to assure protection for trout, EPA chose to reduce the FAV to the Species Mean Acute Value (SMAV) for rainbow trout. It should be noted that these data are derived from toxicity studies with un-acclimated organisms. Both native trout and hatchery trout have some capacity to acclimate to elevated cadmium concentrations. A number of water quality parameters, including hardness and salinity, affect the bioavailability and toxicity of cadmium. In the case of water hardness, cadmium availability and toxicity decrease as hardness (defined as CaCO3 in mg/l) increases. This is a consequence of both complexation due to increasing numbers of potential metal ligands (e.g. carbonates) and competition for uptake due to increased concentrations of divalent ions (e.g. Ca2+ and Mg2+). An added margin of safety is included when the trout equation is used to provide adequate protection for those water segments with current, or potential for significant trout populations. This TMDL includes an implicit margin of safety in order to address both acute and chronic cadmium exceedances. Loads for the TMDL allocations were based on chronic low flows (30E3) while ambient stream loads were calculated by incorporating the median monthly stream flows. Acute standards were double checked by applying chronic load reductions to ambient stream concentrations. Load reductions generated from the entire period of record, 1994-2007, were large enough to account for most exceedances of the acute cadmium standard. As demonstrated in Figure 4, average stream cadmium concentrations decrease in the more recent period of record, with average concentrations of 3.3 ug/l and 1.9 ug/l (2000-2007), respectively. If the required load reductions were applied to ambient stream cadmium concentrations, North Clear Creek would be in attainment of the acute cadmium standard for trout in the period of record 2000-2007. Acute manganese standards are table value standards. Acute standards were double checked by applying chronic load reductions to ambient stream concentrations. Load reductions generated from the period of record, 2001-2007, were large enough to account for all exceedances of the acute manganese standard. There are no acute standards for either iron or zinc in North Clear Creek, Segment 13b.
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Figure 4. Time series plots of Site CC 50 metals concentrations for North Clear Creek above the confluence with the mainstem of Clear Creek (Cd-D, Fe-TR, Mn-D, and Zn-D).



Total Annual Flow, ac-ft 1995 25727



1996 12229



1997 16125



1998 16208



1999 20168



2000 10365



2001 8867



2002 3977



2003 10643



2004 6301



Table 11. Annual flow for North Clear Creek for WYs 1995-2007 in acre-feet.
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Chronic Load Percent Reduction Low Current Underlying Current Load Reduction to Meet Std.@ Median Flow Avg. Conc. Standard @ Mouth TMDL to Meet Std mouth Flow (30E3) Hard. Cd-D Cd-D Cd-D Cd-D Cd-D Cd-D Month cfs cfs mg/L ug/L ug/L lbs/day lbs/day lbs/day % Jan* 3.0 2.1 208 5.9 3.8 0.100 0.044 0.056 56% Feb 2.9 2.1 206 5.6 3.8 0.090 0.043 0.047 52% Mar* 4.1 2.3 186 5.6 3.5 0.120 0.044 0.076 63% Apr 12.0 3.2 166 5.5 3.3 0.350 0.056 0.294 84% May 61.0 6.2 59 3.1 1.5 1.030 0.051 0.979 95% Jun 41.0 5.2 48 2.6 1.3 0.560 0.037 0.523 93% Jul 13.0 2.0 86 2.8 2.0 0.200 0.022 0.178 89% Aug 6.8 2.0 128 6.2 2.7 0.230 0.029 0.201 87% Sep* 5.0 2.0 150 6.0 3.0 0.160 0.033 0.127 80% Oct 4.2 2.0 173 5.7 3.4 0.130 0.036 0.094 72% Nov* 3.5 2.7 192 6.0 3.6 0.110 0.053 0.057 52% Dec 3.1 2.1 210 6.2 3.9 0.100 0.044 0.056 56% * No data available. Concentrations and loads for metals are an average of the previous and following monthly averages.



Table 12. Cadmium standards, current concentrations, TMDL (based on 30E3 flow), current load, and load reductions needed to meet the underlying standards in North Clear Creek. Hardness was averaged by month according to 303(d) assessment methodology (POR = 1994-2007). Load Percent Chronic Current Reduction Reduction to Low Current Underlying Load @ to Meet Meet Std.@ Median Flow Avg. Conc. Standard Mouth TMDL Std mouth Flow (30E3) Hard. Cd-D Cd-D Cd-D Cd-D Cd-D Cd-D Month cfs cfs mg/L ug/L ug/L lbs/day lbs/day lbs/day % Jan* 3.0 2.1 208 3.6 3.8 0.059 0.044 0.015 26% Feb 2.9 2.1 206 3.5 3.8 0.055 0.043 0.012 22% Mar* 4.1 2.3 186 3.7 3.5 0.082 0.044 0.038 47% Apr 12.0 3.2 166 3.9 3.3 0.252 0.056 0.196 78% May 61.0 6.2 59 2.6 1.5 0.862 0.051 0.811 94% Jun 41.0 5.2 48 1.2 1.3 0.264 0.037 0.227 86% Jul 13.0 2.0 86 2.5 2.0 0.173 0.022 0.151 88% Aug 6.8 2.0 128 3.4 2.7 0.125 0.029 0.096 77% Sep* 5.0 2.0 150 3.2 3.0 0.087 0.033 0.055 63% Oct 4.2 2.0 173 3.1 3.4 0.069 0.036 0.033 47% Nov* 3.5 2.7 192 3.4 3.6 0.064 0.053 0.011 18% Dec 3.1 2.1 210 3.7 3.9 0.062 0.044 0.018 30% * No data available. Concentrations and loads for metals are an average of the previous and following monthly averages.



Table 13. Cadmium standards, current concentrations, TMDL (based on 30E3 flow), current load, and load reductions needed to meet the underlying standards in North Clear Creek Hardness was averaged by month according to 303(d) assessment methodology (POR = 2000-2007).



18 May 2008



Final



Colorado Department of Public Health and Environment



Water Quality Control Division



North Fork Clear Creek 1.20



1.00



0.80



0.60



0.40



0.20



0.00 Jan*



Feb Mar* Apr



TMDL Load (Low Flow)



May



Jun



Jul



Aug



Sep*



TMDL Load (Median Flow)



Oct



Nov*



Dec



2000-2007



1994-2007



Figure 5. Current cadmium load in North Clear Creek utilizing entire period of record (green) and 2000-2007 data (blue) as compared to TMDL calculated with median monthly flows (plum) and chronic low flows (gold). The TMDL allowable load was calculated with both median monthly flow and chronic low flows. Load reductions in the tables reflect reductions necessary to attain the TMDL at chronic low flows, thereby accounting for acute exceedances. Figures represent stream loads as calculated with median flows compared to TMDL allowable loads calculated with both median and chronic low flows. As demonstrated by Tables 12 and 13 and illustrated in Figure 5, observed 85th% cadmium loads were less in the more recent period of record. Load reductions range from as little as 18% in November to as much as 94% in June (POR = 2000-2007). When utilizing the entire period of record, load reductions range between 52% and 95%. During the months of June and October, North Clear Creek is in attainment of the cadmium TMDL based on median flows. Observed eighty-fifth percentile iron loads fluctuated during the different periods of record (Tables 14 and 15, Figure 6). The months of April and August-November indicate higher required load reductions utilizing the more recent period of record. Load reductions range from as little as 1% in December to as much as 89% in May (POR = 2000-2007). When utilizing the entire period of record, load reductions range between 20% and 89%. During the months of December-January and May-July, North Clear Creek is in attainment of the total recoverable iron TMDL based on median flows. North Clear Creek exceeds the acute cadmium standard in fifty-nine of the eighty-nine samples. During the entire period of record 1994-1999, North Clear Creek exceeds the acute standard approximately 68% of the time. Using the period of record 2000-2007, North Clear Creek exceeds the acute standard approximately 55% of the time. 19 May 2008
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Month Jan* Feb Mar* Apr May Jun Jul Aug Sep* Oct Nov* Dec



Chronic Low Median Flow Flow (30E3) cfs cfs 3.0 2.1 2.9 2.1 4.1 2.3 12.0 3.2 61.0 6.2 41.0 5.2 13.0 2.0 6.8 2.0 5.0 2.0 4.2 2.0 3.5 2.7 3.1 2.1



Hard. mg/L 208 206 186 166 59 48 86 128 150 173 192 210



Current Conc. Fe-T ug/L 5140 5730 6971 8212 4830 2530 3870 7740 7946 8152 6352 4551



Water Quality Control Division



Underlying Current Load Standard @ Mouth Fe-TR Fe-T ug/L lbs/day 5400 83.3 5400 89.7 5400 154.3 5400 532.1 5400 1591.1 5400 560.1 5400 271.7 5400 284.2 5400 214.5 5400 182.7 5400 120.0 5400 76.2



TMDL Fe-TR lbs/day 61.2 61.2 67.1 93.3 180.8 151.6 58.3 58.3 58.3 58.3 78.7 61.2



Load Percent Reduction Reduction to Meet Std. @ to Meet Std mouth Fe-T Fe-TR lbs/day % 22.0 26% 28.5 32% 87.3 57% 438.8 82% 1410.3 89% 408.5 73% 213.4 79% 225.9 79% 156.2 73% 124.4 68% 41.3 34% 15.0 20%



* No data available. Concentrations and loads for metals are an average of the previous and following monthly averages.



Table 14. Iron standards, current concentrations, TMDL (based on 30E3 flow), current load, and load reductions needed to meet the underlying standards in North Clear Creek. Hardness was averaged by month according to 303(d) assessment methodology (POR = 1994-2007).



Month Jan* Feb Mar* Apr May Jun Jul Aug Sep* Oct Nov* Dec



Median Flow cfs 3.0 2.9 4.1 12.0 61.0 41.0 13.0 6.8 5.0 4.2 3.5 3.1



Chronic, 30E3, Flow cfs 2.1 2.1 2.3 3.2 6.2 5.2 2.0 2.0 2.0 2.0 2.7 2.1



Hard. mg/L 208 206 186 166 59 48 86 128 150 173 192 210



Current Conc. Fe-T ug/L 4423 5140 6692 8244 5106 2068 3272 7770 11700 15630 9668 3705



Underlying Standard Fe-TR ug/L 5400 5400 5400 5400 5400 5400 5400 5400 5400 5400 5400 5400



Current Load @ Mouth Fe-T lbs/day 71.6 80.5 148.2 534.2 1681.9 457.9 229.7 285.3 315.9 354.5 182.7 62.0



TMDL Fe-TR lbs/day 61.2 61.2 67.1 93.3 180.8 151.6 58.3 58.3 58.3 58.3 78.7 61.2



Load Reduction to Meet Std Fe-T lbs/day 10.4 19.3 81.1 440.9 1501.1 306.3 171.4 227.0 257.6 296.2 104.0 0.8



Percent Reduction to Meet Std. @ mouth Fe-TR % 15% 24% 55% 83% 89% 67% 75% 80% 82% 84% 57% 1%



* No data available. Concentrations and loads for metals are an average of the previous and following monthly averages.



Table 15. Iron standards, current concentrations, TMDL (based on 30E3 flow), current load, and load reductions needed to meet the underlying standards in North Clear Creek. Hardness was averaged by month according to 303(d) assessment methodology (POR = 2000-2007).
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Figure 6. Current iron load in North Clear Creek utilizing entire period of record (green) and 20002007 data (blue) as compared to TMDL calculated with median monthly flows (plum) and chronic low flows (gold). Tables 16 and 17 in addition to Figure 7, illustrate observed eighty-fifth percentile manganese loads for different periods of record. Load reductions for the more recent period record are generally lower, except during the month of July (85% versus 84%). Load reductions range from as little as 49% in November to as much as 86% in May (POR = 2000-2007). When utilizing the entire period of record, load reductions range between 54% and 89%. During the months of May through July, North Clear Creek is in attainment of the manganese TMDL based on median flows. As demonstrated by Tables 18 and 19 and illustrated in Figure 8, observed eighty-fifth percentile zinc loads were less in the more recent period of record. Load reductions range from as little as 46% in November to as much as 85% in May (POR = 2000-2007). When utilizing the entire period of record, load reductions range between 62% and 88%. During the months of May through December, North Clear Creek is in attainment of the dissolved zinc TMDL based on median flows. There are no acute standards for either iron or zinc. Acute standards for manganese were exceeded in three of the ninety-nine samples. Since two of the three exceedances occurred in 1999, North Clear Creek was not in attainment of the acute manganese standard during the entire period of record 1994-2007. If the period of record of 2000-2007 is used, North Clear Creek is in attainment of the acute manganese standard.
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Chronic Low Median Flow Flow (30E3) Hard. Month cfs cfs mg/L Jan* 3.0 Feb 2.9 Mar* 4.1 Apr 12.0 May 61.0 Jun 41.0 Jul 13.0 Aug 6.8 Sep* 5.0 Oct 4.2 Nov* 3.5 Dec 3.1 * No data available.



Water Quality Control Division



Percent Load Reduction to Current Underlying Current Load Reduction to Meet Std. @ Conc. Standard @ Mouth TMDL Meet Std mouth Mn-D Mn-D Mn-D Mn-D Mn-D Mn-D ug/L ug/L lbs/day lbs/day lbs/day %



2.1 208 3577 2105 58 24 34 59% 2.1 206 3596 2099 56 24 33 58% 2.3 186 3034 2028 67 25 42 62% 3.2 166 2472 1953 160 34 126 79% 6.2 59 1247 1384 411 46 364 89% 5.2 48 659 1292 146 36 110 75% 2.0 86 1542 1569 108 17 91 84% 2.0 128 2322 1791 85 19 66 77% 2.0 150 2847 1888 77 20 56 73% 2.0 173 3371 1980 76 21 54 72% 2.7 192 3465 2050 65 30 36 54% 2.1 210 3558 2112 60 24 36 60% Concentrations and loads for metals are an average of the previous and following monthly averages.



Table 16. Manganese standards, current concentrations, TMDL (based on 30E3 flow), current load, and load reductions needed to meet the underlying standards in North Clear Creek. Hardness was averaged by month according to 303(d) assessment methodology. (POR = 19942007).



Median Flow Month cfs



Chronic, 30E3, Flow Hard. cfs mg/L



Jan* 3.0 Feb 2.9 Mar* 4.1 Apr 12.0 May 61.0 Jun 41.0 Jul 13.0 Aug 6.8 Sep* 5.0 Oct 4.2 Nov* 3.5 Dec 3.1 * No data available.



Percent Load Reduction to Current Underlying Current Load Reduction to Meet Std. @ Conc. Standard @ Mouth TMDL Meet Std mouth Mn-D Mn-D Mn-D Mn-D Mn-D Mn-D ug/L ug/L lbs/day lbs/day lbs/day %



2.1 208 3187 2105 52 24 28 54% 2.1 206 3278 2099 51 24 28 54% 2.3 186 2644 2028 59 25 33 57% 3.2 166 2009 1953 130 34 96 74% 6.2 59 1014 1384 334 46 288 86% 5.2 48 540 1292 120 36 83 70% 2.0 86 1563 1569 110 17 93 85% 2.0 128 2119 1791 78 19 58 75% 2.0 150 2613 1888 71 20 50 71% 2.0 173 3108 1980 70 21 48 69% 2.7 192 3101 2050 59 30 29 49% 2.1 210 3095 2112 52 24 28 54% Concentrations and loads for metals are an average of the previous and following monthly averages.



Table 17. Manganese standards, current concentrations, TMDL (based on 30E3 flow), current load, and load reductions needed to meet the underlying standards in North Clear Creek. Hardness was averaged by month according to 303(d) assessment methodology. (POR = 20002007). 22 May 2008
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Figure 7. Current manganese load in North Clear Creek utilizing entire period of record (green) and 2000-2007 data (blue) as compared to TMDL calculated with median monthly flows (plum) and chronic low flows (gold).



Month



Median Flow cfs



Chronic Low Flow (30E3) cfs



Hard. mg/L



Current Conc. Zn-D ug/L



Underlying Standard Zn-D ug/L



Current Load @ Mouth Zn-D lbs/day



TMDL Zn-D lbs/day



Load Reduction to Meet Std Zn-D lbs/day



Percent Reduction to Meet Std. @ mouth Zn-D %



Jan* 3.0 2.1 208 1581 740 25.6 8.4 17.2 67% Feb 2.9 2.1 206 1425 740 22.3 8.4 13.9 62% Mar* 4.1 2.3 186 1364 740 30.2 9.2 21.0 70% Apr 12.0 3.2 166 1303 740 84.4 12.8 71.6 85% May 61.0 6.2 59 611 740 201.1 24.8 176.3 88% Jun 41.0 5.2 48 532 740 117.7 20.8 97.0 82% Jul 13.0 2.0 86 576 740 40.5 8.0 32.5 80% Aug 6.8 2.0 128 1074 740 39.4 8.0 31.4 80% Sep* 5.0 2.0 150 1223 740 33.0 8.0 25.0 76% Oct 4.2 2.0 173 1372 740 30.7 8.0 22.8 74% Nov* 3.5 2.7 192 1554 740 29.4 10.8 18.6 63% Dec 3.1 2.1 210 1736 740 29.1 8.4 20.7 71% * No data available. Concentrations and loads for metals are an average of the previous and following monthly averages.



Table 18. Zinc standards, current concentrations, TMDL (based on 30E3 flow), current load, and load reductions needed to meet the underlying standards in North Clear Creek. Hardness was averaged by month according to 303(d) assessment methodology. (POR = 1994-2007). 23 May 2008
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Month



Chronic, 30E3, Flow cfs



Median Flow cfs



Hard. mg/L



Current Conc. Zn-D ug/L



Underlying Standard Zn-D ug/L



Water Quality Control Division



Current Load @ Mouth Zn-D lbs/day



TMDL Zn-D lbs/day



Load Reduction to Meet Std Zn-D lbs/day



Percent Reduction to Meet Std. @ mouth Zn-D %



Jan* 3.0 2.1 208 1184 740 19.2 8.4 10.8 56% Feb 2.9 2.1 206 1113 740 17.4 8.4 9.0 52% Mar* 4.1 2.3 186 1089 740 24.1 9.2 14.9 62% Apr 12.0 3.2 166 1064 740 68.9 12.8 56.2 81% May 61.0 6.2 59 508 740 167.3 24.8 142.6 85% Jun 41.0 5.2 48 326 740 72.2 20.8 51.4 71% Jul 13.0 2.0 86 465 740 32.7 8.0 24.7 76% Aug 6.8 2.0 128 530 740 19.4 8.0 11.5 59% Sep* 5.0 2.0 150 690 740 18.6 8.0 10.6 57% Oct 4.2 2.0 173 851 740 19.3 8.0 11.3 59% Nov* 3.5 2.7 192 1053 740 19.9 10.8 9.1 46% Dec 3.1 2.1 210 1255 740 21.0 8.4 12.6 60% No data available. Concentrations and loads for metals are an average of the previous and following monthly averages.



* Table 19. Zinc standards, current concentrations, TMDL (based on 30E3 flow), current load, and load reductions needed to meet the underlying standards in North Clear Creek. Hardness was averaged by month according to 303(d) assessment methodology. (POR = 2000-2007). Zn-D - North Fork Clear Creek 250
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Figure 8. Current zinc load in North Clear Creek utilizing entire period of record (green) and 20002007 data (blue) as compared to TMDL calculated with median monthly flows (plum) and chronic low flows (gold).
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X. SOURCES AND TECHNICAL ANALYSIS The vast majority of the metal loads into North Clear Creek are from historic mining activities. The metals loads vary along the length of the stream, and in nearly all cases, the metal loads in the upstream portions of the creek exceed the load at the mouth (Table 11). This suggests that dissolved metals are precipitating out or are adsorbed to clay particles that are continually being washed in the stream. These precipitated or bound metals may again become dissolved later in time if conditions in the stream are favorable. The metal loads in Segment 13b of North Clear Creek showed seasonal variation with higher loads occurring in June when flows are higher. Metals loads appear to begin increasing in the spring when snowmelt infiltrates into the ground and displaces metal-laden groundwater stored in shallow aquifers causing a flush of higher concentrations in April. Gregory Gulch, which receives discharges from Quartz Hill Tunnel and Bates Hunter Mine, appears to be a significant contributor of metal loads to the mainstem of North Clear Creek (Table 11). Although the surface water does not always appear to carry a high load, Gregory Gulch discharges a considerable (but un-quantified) amount of groundwater, and the effect of this can be seen by comparing the loads in North Clear Creek above Gregory Gulch to the loads in North Clear Creek below Gregory Gulch, which are considerably higher at times. Chase Gulch, further upstream of Gregory Gulch, contributes approximately three to six percent of the metals load as well. The Gregory Incline appears to be a source of total iron in August, contributing approximately 143% of the allowed TMDL at the mouth (Table 11). However, in May and June the cadmium load increased from 0.05 lbs/day below the Gregory Incline to 0.49 lbs/day below Gregory Gulch. The loads during high flow show that Gregory Gulch does carry a high load of metals (especially cadmium and zinc). The National Tunnel contributes approximately four percent of the metals load to North Clear Creek in these low flow years (2001-2005). In all cases the metal loads decreased slightly in North Clear Creek from below Gregory Gulch to below the National Tunnel (Table 11). The surface water of Russell Gulch does not appear to be a large source of metal loads to North Clear Creek, except in times of unusually high runoff, such as occurred in 1995. Russell Gulch has been identified by CERCLA in the final report of OU4 as a major source of metalladen sediment, which may then become a source for dissolved metals. Additionally there are three operations of interest that have discharge permits within Segment 13b of North Clear Creek (Table 3). The loads from these permitted dischargers are calculated as the maximum allowable load (using design flow and effluent limits, or the standard if no effluent limit is given), and do not change seasonally. Thus, their loads represent a much larger percentage of the total load during low flow when the background loads are lower. The Black Hawk/Central City Sanitation District is by far the largest permitted discharger to Segment 13b of North Clear Creek, but it should be noted that the plant operates well below its effluent limits and design capacity, and in many cases provides dilution to North Clear Creek. However, because the effluent limits and design capacity are so high for this facility (effluent limits were calculated based upon standards and design capacity as cfs), the load calculations used to generate WLA’s show that the facility could be a significant (>10% of the load at the mouth) source of metals when discharging at the standard and at design capacity. This is 25 May 2008
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especially true in September when there is much less water in the river to provide dilution and the background load is lower. Currently, Black Hawk/Central City discharges at well below the standard and design capacity and thereby accounts for less than 2% of the allowed TMDL at the mouth of North Clear Creek (Table 20). Therefore, the WLA provided in the TMDL allows for future growth by setting the allocation at design capacity. The Bates Hunter Mine discharges a significant iron load to Gregory Gulch during low flow. Recent DMR data shows a discharge concentration of 1120 ug/l for total recoverable iron in September of 2007. However, because the Bates Hunter Mine discharges directly to Gregory Gulch, their discharger WLA will not be affected. Load reductions will be wrapped into the WLA given to the non-permitted mine discharge from Gregory Gulch. Bullwhackers Black Hawk was not a significant source of metal loads in either high or low flow because of the very low flow of the discharge. It should be noted that the load data presented in Table 20 is from three sampling dates in 2001, 2003, and 2005. This table is used to represent relative loading sources. It should be noted that these data were for events where the total load to Clear Creek was significantly less than the load calculated in the TMDL. This discrepancy may affect the comparison of these loads to the load at the mouth. Since ambient water quality has improved over time, use of the most recent period of record (2000-2007) serves as a more accurate representation of the TMDL at the current time.
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Water Quality Control Division High Flow Loads, lbs/day



NCC abv ChaseA



Chase GulchA



Bates HunterB



Gregory InclineA



Gregory GulchA



NCC blw Gregory G and InclineA



BullwhackersB



National TunnelA



NCC blw NationalA



NCC abv BH/CC SDA BH/CC SDC



Russell GulchA



NCC blw RussellA



NCC at MouthC



% of % of % of % of % of % of % of % of % of % of % of % of % of % of TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL @ @ @ @ @ @ @ @ @ @ @ @ @ @ load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth



Cd-D Fe-T Mn-D Zn-D



0.01 5.71 0.35 1.30



3% 2% 0% 2%



NCC abv ChaseA



0.01 1.02 0.56 2.71



3% 0% 0% 4%



Chase GulchA



0.01 19.5 6.38 2.67



2% 0.02 6% 0.13 2% 21.9 24% 19.7 2% 38.0 16% 6.10 2% 7.8 6% 20.7



Bates HunterB



Gregory InclineA



46% 0.49 174% 0.00 2% 496 54% 1.80 3% 92.3 38% 0.60 16% 80.6 64% 0.62



Gregory GulchA



NCC blw Gregory G and InclineA



0% 0.002 1% 0.29 0% 19.3 2% 301 0% 6.85 3% 65.0 0% 2.39 2% 41.6 Low Flow Loads, lbs/day



BullwhackersB



National TunnelA



102% 32% 27% 33%



NCC blw NationalA



0.002 0.17 0.03 0.38



1% 0% 0% 0%



0.29 301 65.0 41.6



102% 32% 27% 33%



NCC abv BH/CC SDA BH/CC SDC



0.003 0.16 0.57 0.43



1% 0% 0% 0%



Russell GulchA



0.29 332 66.3 37.6



104% 36% 27% 30%



NCC blw RussellA



0.23 423 54.7 37.2



83% 46% 23% 29%



NCC at MouthC



% of % of % of % of % of % of % of % of % of % of % of % of % of % of TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL TMDL @ @ @ @ @ @ @ @ @ @ @ @ @ @ load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth load mouth



Cd-D Fe-T Mn-D Zn-D



0.00 0.23 0.04 0.02



4% 0% 0% 0%



0.01 7% 1.00 1% 0.28 1% 1.70 10%



0.01 19.5 6.38 2.67



2% 0.01 11% 0.003 2% 170 143% 0.093 2% 31.3 72% 0.134 2% 6.56 40% 0.381



4% 0.036 51% 0.00 0% 328.5 276% 1.80 0% 42.6 98% 0.60 2% 12.8 79% 0.62



0% 0% 0% 0%



0.00 17.3 6.18 2.38



3% 5% 4% 5%



0.04 51% 0.00 328 276% 0.05 42.6 98% 0.03 12.8 77% 0.38



1% 0% 0% 0%



0.04 329 43.0 12.8



51% 276% 98% 79%



0.00 0.00 0.01 0.10



0% 0% 0% 1%



0.06 97.0 40.1 14.6



TMDL @ Mouth 0.28 926 242 127



78% 0.00 0% 82% 40.7 34% 92% 29.3 68% 90% 8.6 53%



TMDL @ Mouth 0.07 119 43.4 16.3



A. Data from the 2002, 2003, and 2005 OU4 Sampling Events. High flow loads are calculated from sampling dates in 2001 and 2005. Low flow loads are calculated from one sampling date in 2003. B. Permitted dischargers. Loads are calculated from design capacity and effluent limits, or the standard if no effluent limit applies. C. Data from UCCWA. Loads are calculated as 85th% values of daily loads from data collected.



Table 20. Metal loads from major tributaries and mining features in North Clear Creek, Segment 13b. In some cases, the loads at any given source may exceed the load at the mouth indicating that metals are precipitating out of the water column or are being adsorbed to clay particles in the stream sediment. In some cases loads are underestimated because most of the load is entering the stream as groundwater. Loads are representative of three sampling dates in 2002, 2003, and 2005. This characterization of events occurred during years of lower overall loading than the comprehensive data at the mouth. This discrepancy may minimize the actual contribution of these loads to the load at the mouth.
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XI. TMDL LOAD ALLOCATIONS 11.1 Point and Non-Point Source Contributions Metal loads from dischargers were calculated using the design capacity for flow and effluent limits. Where effluent limits were not given, the concentration of the effluent for any given metal was assumed to be equal to the stream standard. Discharges were then given waste load allocations (WLA) as well as non-permitted abandoned mine sources, and the load allocation (LA) was calculated by subtracting the waste load allocations from the TMDL (Tables 12-15). Where the ambient stream load was higher than the TMDL allowable load, a load reduction was calculated. Separate waste load allocations are given for both the dischargers and the discharge from abandoned mine sites. In the case of Black Hawk/Central City Sanitation District (BHCCSD), if the waste load allocation is calculated using the design capacity for flow and the given stream standard, the WLA is greater than the TMDL because stream loading already exceeds the allowable load. The Black Hawk/Central City Sanitation District is a new, state-of-the-art plant with a large design capacity. Historically, they have not discharged either near or at their effluent limit or design capacity. Therefore, the WLA was calculated by doubling the highest recorded cadmium DMR value (to incorporate a margin of safety) and multiplied by the design capacity for flow. In the case of total recoverable iron, the detection limit of 100 ppb (micrograms per liter) was doubled in the WLA calculation. The WLAs for manganese and zinc were calculated by multiplying the MEPC value (Permit # CO0046761) by the design capacity for flow and a conversion factor for pounds per day. From data gathered in 2002, 2003, and 2005, Black Hawk/Central City Sanitation District typically accounts for an average of 1% of the allowable load at the mouth of North Clear Creek. Therefore, the assimilative capacity of North Clear Creek that was given to Black Hawk/Central City in their discharge permit could now be, and in this document is, available in the TMDL as a waste load allocation for non-permitted abandoned mine sources. As BHCCSD approaches its design capacity and flows in North Clear Creek increase, it will be appropriate to reexamine the assumptions utilized in the TMDL to determine if BHCCSD is entitled to increased WLAs, due to the increased assimilative capacity in North Clear Creek. The waste load allocation for the mines was determined first by calculating a background, or upstream concentration from the UCCWA sampling site North Clear Creek above POWTP, Segment 13a (CC-44). A concentration for downstream of the mine influence, North Fork Clear Creek above confluence with Clear Creek (CC-50), was also calculated. The difference in upstream and downstream concentrations was attributed to mine influence. An annual average of the monthly contribution was then multiplied by the calculated TMDL to generate a WLA for abandoned mines. The percent reduction was calculated as the difference between the existing stream load (lbs/day) and the sum of the mine waste load allocation (lbs/day) plus the load attributed to non-point sources (lbs/day) divided by the existing stream load. It should be noted that discharger WLAs are not subject to the instream load reductions. Discharger waste load allocations are not considered major contributors to impairment of North Clear Creek. All load 28 May 2008
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reductions are assumed to be from the combined contribution of historic mining impacts and non-point source loading.



11.2 TMDL Allocation This TMDL analysis characterizes the loading reductions necessary to attain standards for metals and apportions that necessary reduction among the contributing point and non-point sources. Total Maximum Daily Loads ("TMDL") A TMDL is comprised of the Load Allocation (LA), which is that portion of the pollutant load attributed to natural background or the non-point sources, the Waste Load Allocation (WLA), which is that portion of the pollutant load associated with point source discharges, and a Margin of Safety (MOS). The TMDL may be expressed as the sum of the LA, WLA and MOS.



TMDL = WLA + LA + MOS TMDL = Sum of Waste Load Allocations + Sum of Load Allocations + Margin of Safety The TMDL was calculated using the chronic monthly low flow values from the North Fork Clear Creek at Mouth gage using USEPA DLOW software multiplied by the existing stream standard. Metal loads from dischargers were calculated using the design capacity for flow and the effluent limits listed in their current permit. Where no limits were given, the limit was assumed to be equal to the stream standard. Modeled discharges and non-permitted draining mine tunnels were also given waste load allocations (WLA). The WLA for non-permitted abandoned mine features was calculated by first determining a background metals load from upstream concentrations. The difference in upstream and downstream concentrations was attributed to influence from mining features. The monthly percent contribution from the mines was averaged to determine an annual percent contribution. The annual percent contribution was then multiplied by the monthly TMDL to assign a WLA to the non-permitted mine discharges. An average value was used as opposed to monthly values in order to alleviate the complexity of calculating individual monthly WLAs. Load allocations (LA) were calculated by subtracting the WLAs from the TMDL. Where the ambient stream load is higher than the TMDL a load reduction was calculated. The TMDL was also calculated using median flows for both instream concentrations and allowable stream loads (Tables 22, 24, 26, and 28). Load reductions are more representative of current stream conditions, however all acute exceedances are not addressed. Using this scenario, North Clear Creek demonstrates attainment of the allowable loads for several months of the year for several parameters.
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Cadmium** WLA Total Total Current Median 25th % Discharger Mine Total Load @ Flow, Flow, TMDL WLA WLA LA Mouth Month cfs cfs lbs/day lbs/day lbs/day lbs/day lbs/day Jan 3.0 2.4 0.050 0.032 0.015 0.003 0.06 Feb 2.9 2.3 0.047 0.032 0.013 0.003 0.06 Mar 4.1 3.2 0.061 0.032 0.024 0.005 0.08 Apr 12.0 8.5 0.149 0.032 0.097 0.020 0.21 May 61.0 30.5 0.249 0.032 0.180 0.037 0.50 Jun 41.0 21.0 0.147 0.032 0.096 0.020 0.29 Jul 13.0 8.3 0.090 0.032 0.048 0.010 0.14 Aug 6.8 4.0 0.058 0.032 0.021 0.004 0.10 Sep 5.0 3.2 0.052 0.032 0.017 0.003 0.08 Oct 4.2 3.4 0.062 0.032 0.024 0.005 0.08 Nov 3.5 3.0 0.059 0.032 0.022 0.004 0.07 Dec 3.1 2.7 0.056 0.032 0.020 0.004 0.06 *WLA for Black Hawk/Central City based on twice the maximum observed DMR data



Red. to Meet TMDL lbs/day 0.045 0.045 0.049 0.094 0.281 0.173 0.083 0.073 0.062 0.047 0.042 0.041



Red. to Meet TMDL percent 72% 75% 63% 44% 56% 60% 59% 74% 76% 62% 61% 63%



Bates Hunter Mine lbs/day 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008



BH/CC SD* lbs/day 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023



Bullwhackers lbs/day 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009



**WLAs are superseded by type iii Temporary Modifications (31.14(15)(b)). Table 21. Cadmium TMDL, WLAS, LA, and necessary load reductions to meet the standard for Segment 13b (North Clear Creek). All are given as dissolved cadmium except WLA’s, which are given as potentially dissolved cadmium. The TMDL was calculated using twenty-fifth percentile flows while the loads were calculated using median flows. Non-permitted mine sources are assumed to account for approximately 83% of the allowable cadmium load after waste load allocations have been assigned to permitted dischargers (Mine WLA ~ 44% of total TMDL allowable load).
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Cadmium WLA Chronic Total Total Current Median 30E3 Discharger Mine Total Load @ Flow Flow, TMDL WLA WLA LA Mouth Month cfs cfs lbs/day lbs/day lbs/day lbs/day lbs/day Jan 3.0 2.1 0.062 0.032 0.025 0.005 0.06 Feb 2.9 2.1 0.060 0.032 0.023 0.005 0.06 Mar 4.1 2.3 0.078 0.032 0.038 0.008 0.08 Apr 12.0 3.2 0.211 0.032 0.148 0.030 0.25 May 61.0 6.2 0.497 0.032 0.386 0.079 0.86 Jun 41.0 5.2 0.288 0.032 0.212 0.043 0.26 Jul 13.0 2.0 0.140 0.032 0.090 0.018 0.17 Aug 6.8 2.0 0.099 0.032 0.055 0.011 0.12 Sep 5.0 2.0 0.082 0.032 0.041 0.008 0.09 Oct 4.2 2.0 0.076 0.032 0.036 0.007 0.07 Nov 3.5 2.7 0.068 0.032 0.030 0.006 0.06 Dec 3.1 2.1 0.065 0.032 0.027 0.006 0.06 *WLA for Black Hawk/Central City based on twice the maximum observed DMR data



Red. to Meet TMDL lbs/day 0.029 0.028 0.036 0.074 0.397 0.008 0.065 0.058 0.038 0.025 0.028 0.030



Red. to Meet TMDL percent 49% 50% 44% 29% 46% 3% 37% 47% 44% 37% 44% 48%



Bates Hunter Mine lbs/day 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008



BH/CC SD lbs/day 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023



Bullwhackers lbs/day 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009



**WLAs are superseded by type iii Temporary Modifications (31.14(15)(b)). Table 22. Cadmium TMDL, WLAS, LA, and necessary load reductions to meet the standard for Segment 13b (North Clear Creek). All are given as dissolved cadmium except WLA’s, which are given as potentially dissolved cadmium. The TMDL and stream loads were calculated using median flows. Non-permitted mine sources are assumed to account for approximately 83% of the allowable cadmium load after waste load allocations have been assigned to permitted dischargers (Mine WLA ~ 40% of total TMDL allowable load).
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Iron WLA Total Current Red. to Median 25th % Total Mine Total Load @ Meet Flow, Flow, TMDL WLA WLA LA Mouth TMDL Month cfs cfs lbs/day lbs/day lbs/day lbs/day lbs/day lbs/day Jan 3.0 2.4 70.0 24.64 41.72 3.63 83.3 37.9 Feb 2.9 2.3 67.1 24.64 39.03 3.39 89.7 47.3 Mar 4.1 3.2 93.3 24.64 63.18 5.49 154.3 85.7 Apr 12.0 8.5 247.9 24.64 205.36 17.86 532.1 308.9 May 61.0 30.5 889.4 24.64 795.56 69.18 1591.1 726.4 Jun 41.0 21.0 612.4 24.64 540.70 47.02 560.1 -27.6 Jul 13.0 8.3 242.0 24.64 200.00 17.39 271.7 54.3 Aug 6.8 4.0 116.6 24.64 84.64 7.36 284.2 192.2 Sep 5.0 3.2 93.3 24.64 63.18 5.49 214.5 145.9 Oct 4.2 3.4 99.1 24.64 68.54 5.96 182.7 108.2 Nov 3.5 3.0 87.5 24.64 57.81 5.03 120.0 57.2 Dec 3.1 2.7 78.7 24.64 49.76 4.33 76.2 22.1 *WLA for Black Hawk/Central City based on twice the reported detection limit (DL = 100 ug/l).



Red. to Meet TMDL percent 46% 53% 56% 58% 46% 0% 20% 68% 68% 59% 48% 29%



Bates Hunter Mine lbs/day 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5



BH/CC SD lbs/day 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34



Bullwhackers lbs/day 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8



**WLAs are superseded by type iii Temporary Modifications (31.14(15)(b)). Table 23. Iron TMDL, WLA, LA, and necessary load reductions to meet the standard for Segment 13b (North Clear Creek). All are given as total recoverable iron except stream load, which are as total iron. The TMDL was calculated using twenty-fifth percentile flows while the loads were calculated using median flows. Non-permitted mine sources are assumed to account for approximately 92% of the allowable iron load after waste load allocations have been assigned to permitted dischargers (Mine WLA ~ 72% of total TMDL allowable load).
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Iron WLA Chronic Total Current Red. to Median 30E3 Total Mine Total Load @ Meet Flow, Flow, TMDL WLA WLA LA Mouth TMDL Month cfs cfs lbs/day lbs/day lbs/day lbs/day lbs/day lbs/day Jan 3.0 2.1 87 24.64 57.81 5.03 83.3 20.4 Feb 2.9 2.1 85 24.64 55.13 4.79 89.7 29.8 Mar 4.1 2.3 120 24.64 87.32 7.59 154.3 59.4 Apr 12.0 3.2 350 24.64 299.26 26.02 532.1 206.9 May 61.0 6.2 1779 24.64 1613.79 140.33 1591.1 -163.0 Jun 41.0 5.2 1196 24.64 1077.25 93.67 560.1 -610.8 Jul 13.0 2.0 379 24.64 326.08 28.36 271.7 -82.7 Aug 6.8 2.0 198 24.64 159.76 13.89 284.2 110.6 Sep 5.0 2.0 146 24.64 111.47 9.69 214.5 93.4 Oct 4.2 2.0 122 24.64 90.01 7.83 182.7 84.9 Nov 3.5 2.7 102 24.64 71.23 6.19 120.0 42.6 Dec 3.1 2.1 90 24.64 60.50 5.26 76.2 10.4 *WLA for Black Hawk/Central City based on twice the reported detection limit (DL = 100 ug/l).



Red. to Meet TMDL percent 25% 33% 38% 39% 0% 0% 0% 39% 44% 46% 36% 14%



Bates Hunter Mine lbs/day 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5



BH/CC SD lbs/day 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34



Bullwhackers lbs/day 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8



**WLAs are superseded by type iii Temporary Modifications (31.14(15)(b)). Table 24. Iron TMDL, WLA, LA, and necessary load reductions to meet the standard for Segment 13b (North Clear Creek). All are given as total recoverable iron except stream load, which are as total iron. The TMDL and stream loads were calculated using median flows. Non-permitted mine sources are assumed to account for approximately 92% of the allowable iron load after waste load allocations have been assigned to permitted dischargers (Mine WLA ~ 66% of total TMDL load).
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Manganese** WLA Total Median 25th% Total Mine Flow, Flow, TMDL WLA WLA Month cfs cfs lbs/day lbs/day lbs/day Jan 3.0 2.4 27.3 7.95 19.14 Feb 2.9 2.3 26.1 7.95 17.93 Mar 4.1 3.2 35.1 7.95 26.83 Apr 12.0 8.5 89.6 7.95 80.87 May 61.0 30.5 227.9 7.95 217.75 Jun 41.0 21.0 146.5 7.95 137.16 Jul 13.0 8.3 70.3 7.95 61.74 Aug 6.8 4.0 38.7 7.95 30.43 Sep 5.0 3.2 32.6 7.95 24.43 Oct 4.2 3.4 36.4 7.95 28.12 Nov 3.5 3.0 33.2 7.95 25.01 Dec 3.1 2.7 30.8 7.95 22.62 *WLA for Black Hawk/Central City based on MEPC value.



Total LA lbs/day 0.2 0.2 0.3 0.8 2.2 1.4 0.6 0.3 0.2 0.3 0.3 0.2



Current Load @ Mouth lbs/day 57.9 56.3 67.2 160.2 410.7 146.0 108.3 85.3 76.9 75.6 65.5 59.6



Red. to Meet TMDL lbs/day 38.61 38.20 40.07 78.48 190.75 7.43 45.89 54.54 52.19 47.15 40.22 36.72



Red. to Meet TMDL percent 67% 68% 60% 49% 46% 5% 42% 64% 68% 62% 61% 62%



Bates Hunter Mine lbs/day 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38



BH/CC SD lbs/day 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97



Bullwhackers lbs/day 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6



**WLAs are superseded by type iii Temporary Modifications (31.14(15)(b)). Table 25. Manganese TMDL, WLA, LA, and necessary load reductions to meet the standard for Segment 13b (North Clear Creek). All are dissolved manganese except WLA’s, which are given as potentially dissolved manganese. The TMDL was calculated using twenty-fifth percentile flows while the loads were calculated using median flows. Non-permitted mine sources are assumed to account for approximately 99% of the allowable manganese load after waste load allocations have been assigned to permitted dischargers (Mine WLA ~ 80% of total TMDL allowable load).
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Manganese** WLA Chronic Total Median 30E3 Total Mine Flow, Flow, TMDL WLA WLA Month cfs cfs lbs/day lbs/day lbs/day Jan 3.0 2.1 33.6 7.95 25.40 Feb 2.9 2.1 32.6 7.95 24.45 Mar 4.1 2.3 43.8 7.95 35.53 Apr 12.0 3.2 109 7.95 100.03 May 61.0 6.2 434 7.95 421.99 Jun 41.0 5.2 310 7.95 298.81 Jul 13.0 2.0 117 7.95 107.91 Aug 6.8 2.0 67.3 7.95 58.73 Sep 5.0 2.0 51.9 7.95 43.48 Oct 4.2 2.0 44.7 7.95 36.42 Nov 3.5 2.7 38.3 7.95 30.02 Dec 3.1 2.1 34.6 7.95 26.34 *WLA for Black Hawk/Central City based on MEPC value.



Total LA lbs/day 0.3 0.2 0.4 1.0 4.3 3.0 1.1 0.6 0.4 0.4 0.3 0.3



Current Load @ Mouth lbs/day 57.9 56.3 67.2 160.2 410.7 146.0 108.3 85.3 76.9 75.6 65.5 59.6



Red. to Meet TMDL lbs/day 32.3 31.6 31.3 59.1 -15.6 -155.9 -0.7 26.0 32.9 38.8 35.2 33.0



Red. to Meet TMDL percent 56% 56% 47% 37% 0% 0% 0% 30% 43% 51% 54% 55%



Bates Hunter Mine lbs/day 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38



BH/CC SD lbs/day 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97



Bullwhackers lbs/day 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6



**WLAs are superseded by type iii Temporary Modifications (31.14(15)(b)). Table 26. Manganese TMDL, WLA, LA, and necessary load reductions to meet the standard for Segment 13b (North Clear Creek). All are dissolved manganese except WLA’s, which are given as potentially dissolved manganese. The TMDL and stream loads were calculated using median flows. Non-permitted mine sources are assumed to account for approximately 99% of the allowable manganese load after waste load allocations have been assigned to permitted dischargers (Mine WLA ~ 76% of total TMDL load).
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Zinc, Dissolved** WLA Total Median 25th% Total Mine Flow, Flow, TMDL WLA WLA Month cfs cfs lbs/day lbs/day lbs/day Jan 3.0 2.4 9.6 7.3 2.30 Feb 2.9 2.3 9.2 7.3 1.90 Mar 4.1 3.2 12.8 7.3 5.46 Apr 12.0 8.5 34.0 7.3 26.43 May 61.0 30.5 121.9 7.3 113.46 Jun 41.0 21.0 83.9 7.3 75.88 Jul 13.0 8.3 33.2 7.3 25.64 Aug 6.8 4.0 16.0 7.3 8.63 Sep 5.0 3.2 12.8 7.3 5.46 Oct 4.2 3.4 13.6 7.3 6.25 Nov 3.5 3.0 12.0 7.3 4.67 Dec 3.1 2.7 10.8 7.3 3.48 *WLA for Black Hawk/Central City based on MEPC value.



Total LA lbs/day 0.02 0.02 0.06 0.27 1.15 0.77 0.26 0.09 0.06 0.06 0.05 0.04



Current Load @ Mouth lbs/day 25.6 22.3 30.2 84.4 201.1 117.7 40.5 39.4 33.0 30.7 29.4 29.1



Red. to Meet TMDL lbs/day 23.28 20.40 24.68 57.72 86.51 41.08 14.56 30.72 27.50 24.43 24.65 25.53



Red. to Meet TMDL percent 91% 91% 82% 68% 43% 35% 36% 78% 83% 79% 84% 88%



Bates Hunter Mine lbs/day 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67



BH/CC SD lbs/day 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98



Bullwhackers lbs/day 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623



**WLAs are superseded by type iii Temporary Modifications (31.14(15)(b)). Table 27. Zinc total maximum daily load, waste load allocation, load allocations and necessary load reductions to meet the standard for Segment 13b (North Clear Creek). Stream loads are given for dissolved zinc, waste loads are given for potentially dissolved zinc. The TMDL was calculated using twenty-fifth percentile flows while the loads were calculated using median flows. Non-permitted mine sources are assumed to account for approximately 99% of the allowable zinc load after waste load allocations have been assigned to permitted dischargers (Mine WLA ~ 53% of total TMDL load).
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Zinc, Dissolved** WLA Chronic Total Median 30E3 Total Mine Flow, Flow, TMDL WLA WLA Month cfs cfs lbs/day lbs/day lbs/day Jan 3.0 2.1 12.0 7.3 4.67 Feb 2.9 2.1 11.6 7.3 4.28 Mar 4.1 2.3 16.4 7.3 9.02 Apr 12.0 3.2 48.0 7.3 40.28 May 61.0 6.2 244 7.3 234.12 Jun 41.0 5.2 164 7.3 155.00 Jul 13.0 2.0 51.9 7.3 44.23 Aug 6.8 2.0 27.2 7.3 19.70 Sep 5.0 2.0 20.0 7.3 12.58 Oct 4.2 2.0 16.8 7.3 9.42 Nov 3.5 2.7 14.0 7.3 6.65 Dec 3.1 2.1 12.4 7.3 5.07 *WLA for Black Hawk/Central City based on MEPC value.



Total LA lbs/day 0.05 0.04 0.09 0.41 2.36 1.57 0.45 0.20 0.13 0.10 0.07 0.05



Current Load @ Mouth lbs/day 25.6 22.3 30.2 84.4 201.1 117.7 40.5 39.4 33.0 30.7 29.4 29.1



Red. to Meet TMDL lbs/day 20.9 18.0 21.1 43.7 -35.4 -38.8 -4.2 19.5 20.3 21.2 22.7 23.9



Red. to Meet TMDL percent 82% 81% 70% 52% 0% 0% 0% 50% 62% 69% 77% 82%



Bates Hunter Mine lbs/day 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67 2.67



BH/CC SD lbs/day 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98



Bullwhackers lbs/day 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623 0.623



**WLAs are superseded by type iii Temporary Modifications (31.14(15)(b)). Table 28. Zinc total maximum daily load, waste load allocation, load allocations and necessary load reductions to meet the standard for Segment 13b (North Clear Creek). Stream loads are given for dissolved zinc, waste loads are given for potentially dissolved zinc. The TMDL and stream loads were calculated using median flows. Non-permitted mine sources are assumed to account for approximately 99% of the allowable zinc load after waste load allocations have been assigned to permitted dischargers (Mine WLA ~ 39% of total TMDL load).
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11.3 Load Allocations The flow in Segment 13b annually varies by several orders of magnitude while the instream concentrations vary only one order of magnitude. Assigning a single maximum load to the parameters of concern in COSPCL13b without consideration of instream flows would lead to standards exceedances at low flow (low dilution) conditions, or maximum loads that are frequently exceeded during high flow (low metals concentrations) times. This TMDL is based on monthly loading reductions at all of the major loading nodes, but not loading reductions attributed to non-point source alluvial and groundwater loading. 11.4 Waste Load Allocations Waste load allocations for the permitted sources will be set at or below the table value standard appropriate for the particular receiving water of the discharge. This will insure that the point sources themselves will not contribute to exceedances of water quality standards. Where ambient conditions currently exceed the standard, the waters of the North Clear Creek watershed will benefit from the dilution provided by the point source discharges. The technical uncertainty of using chronic low flows to calculate the TMDL would unduly impact the current permitted dischargers to North Clear Creek, Segment 13b. This would place an unrealistic burden on the permitted dischargers to meet the TMDL load reductions; therefore the TMDL allowable load was calculated using twenty-fifth percentile flow values. In the case of Black Hawk/Central City Sanitation District, if the metal load is calculated using the design capacity for flow and the given stream standard, the WLA is greater than the TMDL in months of low flow. The Black Hawk/Central City Sanitation District is a new, stateof-the-art plant with a large design capacity. Historically, they have not discharged either near or at their effluent limit or design capacity. Therefore, the WLA was calculated by doubling the highest recorded DMR value (to incorporate a margin of safety) and multiplied by the design capacity for flow. From data gathered in 2002, 2003, and 2005, Black Hawk/Central City Sanitation District typically accounts for about 1% of the allowable load at the mouth of North Clear Creek. Therefore, the assimilative capacity of North Clear Creek that was given to Black Hawk/Central City in their discharge permit could now be, and in this document is, available in the TMDL as a waste load allocation for non-permitted mine discharges. 11.5 Margin of Safety The margin of safety for protection of the Cd (dis), Fe (Trec), Mn (dis), and Zn (dis) standards lies in the conservative levels chosen for the WLA for each discharge and the calculation of the allowable TMDL based on twenty-fifth percentile flow values. Ambient stream loads were calculated using median stream flows. As a result, proposed reductions also address exceedances of the acute cadmium (trout) standard as well as all other acute standards assigned to this segment. The proposed reductions are conservative over-estimates of the reductions needed in order to attain chronic standards; however, they also take into account the stringent acute standards for cadmium. In conjunction with continued Superfund participation, the actual loading levels will be reduced even further through time as the OU4 cleanup activities continue and are completed.



38 May 2008



Final



Colorado Department of Public Health and Environment



Water Quality Control Division



11.6 TMDL for Dissolved Cadmium For the dissolved cadmium TMDL, an implicit Margin of Safety was included in the TMDL. Tables 21 and 22 list the TMDL for North Clear Creek based on twenty-fifth percentile flows and median flows, respectively. The TMDL is divided into Waste Load (Discharger and Mines) and Load Allocations. Non-permitted mine waste sources account for approximately 83% of the TMDL allocation, however after load allocations for permitted dischargers are removed, the non-permitted mine waste sources account for only twenty-seven to seventy-two percent of the allowable load. Waste load allocations for Black Hawk/Central City were determined by multiplying the highest recorded DMR value (0.7 g/l) by two and multiplying the resulting number by the plant’s design capacity for flow. Load reductions for North Clear Creek require a 44-76% reduction in cadmium loading for the entire year. The largest loading reductions occur in months of low flow (i.e. January and February) and the falling limb of the hydrograph. Months of higher flow (April-July) require the lowest reductions at 44-60%. When median flows are used to calculate allowable stream loads, load reductions are considerably decreased. The month of June demonstrates the smallest cadmium load reduction required to attain stream standards (3%) as opposed to the 60% reduction required using twentyfifth percentile flows. In addition to June, North Clear Creek requires a 29-50% reduction in cadmium loading from July through May. A load duration curve was developed to further assess dissolved cadmium loads in North Clear Creek (Figure 9). Ambient water quality data which was taken with some measure of flow at the time of sampling was used to compute an instantaneous load. By displaying instantaneous loads calculated from ambient water quality and the daily average flow on the date of the sample (expressed as a flow duration curve interval), a pattern develops, which describes the characteristics of the water quality impairment. Loads that plot above the curve indicate an exceedance of the water quality criterion, while those below the load duration curve show compliance. The pattern of impairment is then examined to see if it occurs across all flow conditions, corresponds strictly to high flow events, or conversely, only to low flows. Impairments observed in the low flow zone typically indicate the influence of point sources, while those further left generally reflect potential non-point source contributions. In the case of Figure 9, data is separated by period of record, 1995-2000 (blue dots) and 2001-2007 (brown squares). Flow curves represent allowable loads at hardnesses of 50, 100, 150, and 200 ug/l, respectively. Data for the period of record, 2001-2007, is separated by season (e.g. high flow (April-July) and low flows (August-March)). As demonstrated by the curve, high flow dissolved cadmium concentrations from the POR 2001-2007 are in attainment of the chronic TVS standard at a hardness of 50. Concentrations in high flow months typically exceed the standard in years of low flow. Cadmium concentrations in typically low flow months attain standards when hardness values are greater. In general, concentrations from the period of record 1995-2000 are greater than those from 2001-2007. Monthly chronic load reductions were applied to sampled values to determine attainment of the acute trout standard. If chronic load reductions were attained, Segment 13b would require an additional thirty-two percent reduction in cadmium load to be in attainment of its acute cadmium trout standard.
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Figure 9. Load duration curve for dissolved cadmium in North Clear Creek, Segment 13b. Sample periods of record are illustrated by 1995-2000 (blue dots) 2001-2007 (brown squares). Flow curves represent table value standards based on stream hardnesses of 50 (blue), 100 (pink), 150 (green), and 200 (plum) mg/l.



11.7 TMDL for Total Recoverable Iron Similar to cadmium, an implicit Margin of Safety was included in the total recoverable iron TMDL. Tables 23 and 24 list the TMDL for North Clear Creek based on twenty-fifth percentile flows and median flows, respectively. The TMDL is divided into Waste Load (Discharger and Mines) and Load Allocations. Non-permitted mine waste sources account for approximately 92% of the TMDL allocation, however after load allocations for permitted dischargers are removed, the non-permitted mine waste sources account for approximately fiftyeight to eighty-eight percent of the allowable load. Waste load allocations for Black Hawk/Central City were determined by multiplying the total recoverable iron detection limit (100 g/l) by two and multiplying the resulting number by the plant’s design capacity for flow. The load reductions range from 29% to 68% in the months of August through April. North Clear Creek does not require a reduction of iron loading in June; however reductions of 46% and 20% are required in May and July, respectively. The Bates Hunter Mine assumes a large portion of the TMDL allocation if they discharge at the standard and at design capacity. During periods of high flow, their waste load allocation is approximately 5% of the entire available stream loads, while in months of reduced flow, their waste load allocation can account for as much as 23% of the total available iron load. Currently, the maximum load contributed from Bates Hunter Mine is 4.2 lbs/day, which is less than 10% of the allowable load. When median flows are used to calculate allowable stream loads, load reductions are substantially decreased. The months of May through July demonstrate that no load reductions are required to attain stream standards as opposed to the 0-46% reduction required using twenty40 May 2008
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fifth percentile flows. In addition to these high flow months, North Clear Creek requires a 1446% reduction in total recoverable iron loading from August through April. The flow duration curve demonstrates that low flow total recoverable iron concentrations from the POR 2001-2007 are typically in attainment of the chronic site specific standard. Concentrations in high flow months from the POR 2001-2007, in most cases, are in attainment of the standard. More exceedances were observed in most flow categories during the POR 19952000. As is the case with cadmium, concentrations from the period of record 1995-2000 are generally greater than those from 2001-2007. There are no acute standards for either iron or zinc in North Clear Creek, Segment 13b. North Clear Creek
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Figure 10. Load duration curve for total recoverable iron in North Clear Creek, Segment 13b. Sample periods of record are illustrated by 1995-2000 (blue dots) 2001-2007 (brown squares). There is one flow curves which represents the site-specific standard of 5400 ug/l. 11.8 TMDL for Dissolved Manganese The lowest load reductions required for manganese occur during periods of high flow. Tables 25 and 26 list the TMDL for North Clear Creek for manganese based on twenty-fifth percentile flows and median flows, respectively. In the twenty-fifth percentile flow scenario, the load reductions range from 49% to 68% in the months of August through April. North Clear Creek requires a reduction of 5-46% in manganese loading in May through July. The TMDL is divided into Waste Load (Discharger and Mines) and Load Allocations. Non-permitted mine waste sources account for approximately 99% of the TMDL allocation, however after load allocations for permitted dischargers are removed, the non-permitted mine waste sources account for sixty-nine to ninety-six percent of the allowable load. The MEPC value (58 g/l) reported in Black Hawk/Central City’s permit was used to calculate their waste load allocation. 41 May 2008
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When median flows are used to calculate allowable stream loads, load reductions are largely decreased. The months of May through July demonstrate that no load reductions are required to attain stream standards as opposed to the 5-46% reduction required using chronic low flows. In addition to these high flow months, North Clear Creek requires a 30-56% reduction in dissolved manganese loading from August through April. The flow duration curve illustrates that dissolved manganese concentrations from the POR 2001-2007 shows six exceedances (out of fifteen samples) of the chronic manganese standard. There is a possibility for more exeedances in dry conditions if hardness values are low (< 200 mg/l). Manganese concentrations from the POR 2001-2007, in the mid to high range of flows are typically in attainment of the chronic standard. More exceedances were observed in most flow categories during the POR 1995-2000. Acute manganese standards are table value standards. Acute standards were double checked by applying chronic load reductions to ambient stream concentrations. Load reductions generated from the period of record, 2001-2007, were large enough to account for all exceedances of the acute manganese standard.
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Figure 11. Load duration curve for dissolved manganese in North Clear Creek, Segment 13b. Sample periods of record are illustrated by 1995-2000 (blue dots) 2001-2007 (brown squares). Flow curves represent table value standards based on stream hardnesses of 50 (blue), 100 (pink), 150 (green), and 200 (plum) mg/l.
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11.9 TMDL for Dissolved Zinc Monthly load reductions for dissolved zinc rarely drop below 80% during months of low flow (August through March). The lowest load reductions required for zinc occur in months of high flow (May through July). Tables 27 and 28 list the TMDL for North Clear Creek for zinc based on twenty-fifth percentile flows and median flows, respectively. Using chronic low flows, the monthly load reductions range from 35% to 91% throughout the entire year. The TMDL is divided into Waste Load (Discharger and Mines) and Load Allocations. Non-permitted mine waste sources account for approximately 99% of the TMDL allocation, however after load allocations for permitted dischargers are removed, the non-permitted mine waste sources account for twenty-one to ninety-three percent of the allowable load. The MEPC value (238 g/l) reported in Black Hawk/Central City’s permit was used to calculate their waste load allocation. When median flows are used to calculate allowable stream loads, load reductions are significantly decreased. The months of May through July demonstrate that no load reductions are required to attain stream standards as opposed to the 35-43% reduction required using twentyfifth percentile flows. In addition to these high flow months, North Clear Creek requires a 5082% reduction in dissolved zinc loading from August through April. The flow duration curve demonstrates that dissolved zinc concentrations from the POR 2001-2007 exceed the chronic standard more frequently under dry conditions. Zinc concentrations during periods of high flow are typically in attainment of the chronic standard. Higher loads and more exceedances were observed in most flow categories during the POR 1995-2000. There are no acute standards for either iron or zinc in North Clear Creek, Segment 13b. North Clear Creek
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Figure 12. Load duration curve for dissolved zinc in North Clear Creek, Segment 13b. Sample periods of record are illustrated by 1995-2000 (blue dots) 2001-2007 (brown squares). Flow curves represent standards goals based on DOW criteria stream for trout species with 740 (blue-current standard), 675 (pink), and 381 (green) ug/l. 43 May 2008
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Waste load allocations to the non-permitted mine sources can be further subdivided into: Gregory Incline, Gregory Gulch, National Tunnel, Chase Gulch, Russell Gulch, Black Hawk/Central City (BHCCSD) WWTP, and the unaccounted for load from alluvial groundwater, etc.. Contributions from each of these sources are highly dependent on flow in North Clear Creek.



Figure 13. Approximate source contribution to sum of loads measured along North Clear Creek. Conceptual metal-loading model under low flow conditions based on average copper and zinc loading. Chart taken from OU4 Final Feasibility Study Report, 2004. During low flow conditions, the Gregory Incline, Gregory Gulch, and the National Tunnel contribute over 50% of the total stream load, with the Gregory Incline contributing the largest portion. The Quartz Hill Tunnel likely contributes a large portion to the load in Gregory Gulch. The WWTP of Black Hawk/Central City currently contributes only a small fraction of the total load. A significant portion of loading cannot be attributed to any of these identified point sources directly, but may be heavily influenced by alluvial groundwater, non-point source contributions, and the stream sediments.



Figure 14. Approximate source contribution to sum of loads measured along North Clear Creek. Conceptual metal-loading model under average high flow conditions based on average copper and zinc loading. Chart taken from OU4 Final Feasibility Study Report, 2004. 44 May 2008
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During average high flow conditions, Gregory Gulch, and Russell Gulch make up almost 75% of the total stream load, with Gregory Gulch contributing the largest portion (~ 50%). The Quartz Hill Tunnel likely contributes a large portion to the load in Gregory Gulch. The National Tunnel, Gregory Incline, BHCCSD WWTP, Chase Gulch, East Williams Tunnel and the unaccounted for load contribute only a minor fraction of the total load. Alluvial groundwater, in the unaccounted for portion of the stream load, is thought to have a lower relative contribution, as compared to the point sources during high flow.



Figure 15. Approximate source contribution to sum of loads measured along North Clear Creek. Conceptual metal-loading model under very high flow conditions (Spring 1995) based on average copper and zinc loading. Chart taken from OU4 Final Feasibility Study Report, 2004. During very high flow conditions, Gregory Gulch, and Russell Gulch make up almost the entirety of the total stream load, with Russell Gulch contributing the largest portion (~ 50%). The Quartz Hill Tunnel likely contributes a large portion to the load in Gregory Gulch. The National Tunnel, Gregory Incline, BHCCSD WWTP, Chase Gulch, East Williams Tunnel and the unaccounted for load contribute only a minor fraction of the total load. Load reductions based on median flows are more indicative of possible Superfund remediation potential. Similarly, if the current water quality standards are adjusted, and if the proposed Superfund treatment of discharge from mine tunnels and surrounding adits takes place, North Clear Creek would be much closer to meeting its assigned water-quality standards and aquatic life goals.



11.11 Previous Water Quality Improvements in the Watershed There have been extensive water quality studies and data collection efforts focused on nutrients and metals in the Clear Creek watershed. In 1983, because of mining-related water quality problems, the US Environmental Protection Agency (USEPA) established the Clear Creek/Central City Superfund Study Area and placed it on the National Priority clean-up list. In 1987, EPA completed an intense study of mine tunnel drainage, and many more studies followed. 45 May 2008
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This began a large remediation effort on the active and abandoned mine sites in the area, including an extensive network of water quality monitoring sites (http://www.clearcreekwater.org). EPA has organized work at the Clear Creek/Central City Superfund Site into separate working units known as Operable Units (OUs). Operable Unit 3, in addition to treatment of the Argo Tunnel discharge, called for in-place capping of waste rock piles, tailings piles, and/or slope stabilization of Gregory Gulch, Chase Gulch, Clay County, Boodle Mill, North Clear Creek, and Golden Gilpin Mill tailings piles, and Quartz Hill. Between 1993 and 1999, the Department of Public Health and Environment and EPA under CERCLA have worked with a number of government entities, developers, individual property owners, and community stakeholders to complete clean up work at twelve priority waste pile locations. Waste piles remediation in the Black Hawk/Central City Area clean-up has been completed at the Millsite #11 & #12, Chase Gulch #1, Chase Gulch #2, Gregory Incline, Gregory #1, Gregory #2, National Tunnel, Clay County, North Clear Creek, Big Five and Boodle Mill waste piles. Additional mine waste pile clean-ups are scheduled (http://www.cdphe.state.co.us/HM/ClearCreek/index.htm). OU 4 focuses on the watershed of the North Fork of Clear Creek. Most of the OU4 work has been completed; however, it primarily improved water quality in the mainstem of Clear Creek. Components of the OU 4 ROD include: capping/removal of priority tailings/waste rock piles in the North Fork of Clear Creek drainage; treatment of discharges from the Gregory Incline and National Tunnels; collection and treatment of the drainage/ground water in Gregory Gulch; and sediment control to North Clear Creek and its tributaries. The OU 4 ROD was signed on September 29, 2004. A ROD amendment in 2006 specifically allows for the construction of an on-site repository as a selected remedial action component. The CDPHE and EPA have added the repository component to the previously selected remedies to provide an additional protective, efficient and effective way of addressing mine wastes and potentially disposing of water treatment plant solids (OU3 and OU4 Amendment, 2006). Continuing to address abandoned mine discharge and the ongoing path to remediation, the Clear Creek Watershed Forum was established in 1990 as an informal organization which transcended the boundaries of any one agency, community, industry, or organization within the watershed. The role of the Forum was to bring people together from throughout the watershed to share knowledge, attitudes and values and thus develop cooperative water quality improvement strategies and projects. Through numerous gatherings, stakeholder input on projects has been obtained and incorporated to define watershed priorities and establish project partners, thus creating a watershed-wide “culture of cooperation” (http://www.clearcreekwater.org). This led to the establishment of the Clear Creek Watershed Initiative (WIIN) in 1991 as a joint project between the Coors Brewing Company and the Center for Resource Management to provide leadership and coordination of ecological and recreational improvements in the Clear Creek Basin (Coors is located lower in the basin below the confluence of Clear Creek and North Clear Creek). With recognition of and respect for the fact that many individuals, communities, organizations and agencies had been focusing for years on the well-being of the complex Clear Creek Watershed, the WIIN program encouraged collaboration and cooperation among these groups. Their goal was to enhance, not duplicate, the resources and efforts that had already been dedicated to the basin. Long-term improvement programs focused on four critical areas: water
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quality, fish and wildlife, public utilization and stream flow augmentation (http://www.clearcreekwater.org). In 1997, the Clear Creek Watershed Foundation (CCWF) was founded. The CCWF is a non-profit organization dedicated to improving the ecological, aesthetic, recreational and economic conditions in the Clear Creek Watershed through comprehensive and cooperative efforts with watershed stakeholders. This includes, but is not limited to, improving the water quality of Clear Creek and its tributaries. In addition to remediation work, CCWF promotes and facilitates improved water quality through sustainable watershed management, which integrates ecological, economic and social perspectives. In 2006, CCWF was awarded an EPA Region 8 Regional Priorities Grant to research and develop a sustainable watershed management strategy for the Clear Creek Watershed. The Stakeholder and Technical Advisory Committees formed for this effort are instrumental in refining and implementing the strategy (http://www.clearcreekwater.org). The Hazardous Materials and Waste Management Division and EPA will complete remediation work required by existing clean-up plans. The agencies have also been working with local watershed stakeholders to identify significant sources of contamination not covered by existing plans. The goal of this process is to complete work outlined in existing plans, identify and determine appropriate clean-up plans for significant contamination sources not included in existing work plans, and over the long term, to complete the Superfund clean-up of the Clear Creek Watershed (http://www.cdphe.state.co.us/HM/ClearCreek/index.htm). 11.11 Rehabilitation of the Clear Creek Watershed The goal of the Clear Creek Watershed Foundation is to promote sustainable natural resource management throughout the entire Clear Creek Watershed and serve as a model for the arid mountain west. The Upper Clear Creek Watershed Association is drafting a proposal for changes to ambient water-quality standards in both the North Fork Clear Creek and mainstem Clear Creek for the Temporary Modification Hearing in December 2008. If the standards are adjusted, and if the proposed Superfund treatment of discharge from mine tunnels and surrounding adits takes place, North Clear Creek would be much closer to meeting its assigned water-quality standards and aquatic life goals. Remediation of low pH values will be addressed by continued remediation of non-permitted acid mine discharge. This TMDL supports a “staged” implementation concept for the remediation of Clear Creek and its tributaries. This is a TMDL that anticipates implementation in several distinct stages, and it is anticipated that the load and waste load allocations will not require any significant adjustments. Instead, implementation actions will be staged over a period of time (i.e., ongoing CERCLA remediation). In this case, the WLA to point sources (which would be implemented through the NPDES process and alternate underlying standards) would be predicated on continued remediation in North Clear Creek. 11.12 Monitoring Since 1994, the Clear Creek Watershed Management Agreement Monitoring Program has collected water quality data on nutrients for 18 creek sites, eight wastewater treatment plants and 47 May 2008
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nine tributary sites. This effort has been cooperatively implemented by the Upper Clear Creek Watershed Association (UCCWA) and downstream by the City of Arvada and the Standley Lake Cities of Northglenn, Thornton and Westminster and the U.S. Environmental Protection Agency (USEPA). In order to insure that the TMDL addresses both acute and chronic standard attainment COSPCL13b, and to evaluate the progress of Superfund remediation, monitoring is required. XII. CONCLUSION The goal of this TMDL is attainment of the TVS for cadmium and manganese and site-specific iron and zinc standards, within Segment COSPCL13b such that the Aquatic Life Use designation is supported. Annual loading reductions of ambient conditions are necessary to reach the TMDL.



12.1 Public Involvement There has been a strong public participation in protecting and enhancing the water quality of the Clear Creek Basin since the early 1980’s. Many organizations have been extensively involved including, the Upper Clear Creek Watershed Association (UCCWA), Colorado Department of Public Health and Environment Hazardous Materials and Waste Management, and Water Quality Control Divisions, Environmental Protection Agency, Colorado Division of Wildlife, Colorado Division of Minerals and Geology and numerous downstream entities that are involved in the Clear Creek Watershed Forum. The public has openly participated in the UCCWA since the early 1990’s and held public monthly meetings since that time. The UCCWA and other entities have and will continue to participate is WQCC hearings on water quality classifications and standards in the basin. The public has also participated in EPA/Hazardous Materials Division Technical Advisory Groups and Watershed Advisory Groups evaluating mine cleanup alternatives in the basin. This public participation will continue in the future, as new remediation options are investigated. The flow and chemistry data used in this TMDL was collected at USGS flow gauges, and by UCCWA in monthly sampling events, special EPA sampling events, CDOW sampling events, routine WQCD sampling, and sampling conducted by other private entities. A review and comment period will also be made available to the public for 30 days. Each public comment received regarding the content of this document will be addressed. Comments and associated responses will be found in the final document. The public has had an opportunity to be involved in the Water Quality Control Commission (WQCC) hearings, and throughout the years, the WQCC has adopted new, temporary modifications for this segment where the public has had the opportunity to get involved. Opportunities have also been available through the 303(d) listing process which also has a public notice period for public involvement.
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49 May 2008



Final



Colorado Department of Public Health and Environment



Water Quality Control Division



XIV. RESPONSE TO COMMENTS Issue: Temporary Modification Wording The City of Black Hawk and the Black Hawk/Central City Sanitation District noted that load reduction tables should include the following footnote: “*WLAs are superseded by type iii Temporary Modifications (31.14 (15)(b)).” Division Response: The Division agrees that this footnote will be included in the loading reduction tables. Issue: Flow Assumptions for BHCCSD Waste Load Allocation The City of Black Hawk and the Black Hawk/Central City Sanitation District suggest that the TMDL should account for the increased flow that the BHCCSD plant will provide to the North Fork when they increase their flows from the present 0.34 MGD to 2.0 MGD. Division Response: The Division agrees that as the BHCCSD plant expands its flow, an increase in downstream flow (dilution effect) will also occur. Unfortunately, it is difficult to predict how this flow will affect future instream metals concentrations. Consequently, the more stringent application of low flow values illustrates the “worst case scenario” of metals concentration in North Clear Creek. By incorporating this into BHCCSD’s waste load allocation, the Division believes this margin of safety can accommodate future growth from BHCCSD’s discharge. As the flows levels change in North Clear Creek, it will be appropriate to reexamine the assumptions in this TMDL to determine if the BHCCSD plant is entitled to higher WLAs due to increased flows. Issue: Unfair Burden on Black Hawk/Central City Sanitation District The City of Black Hawk and the Black Hawk/Central City Sanitation District feel that the WLAs calculated in the TMDL place a heavy and unfair burden on the BHCCSD plant. They feel that it is unfair for them to receive a waste load allocation that is based on less than the standard. They also feel that it would be beneficial to look at these other plants discharge and what levels of metals removal they can achieve. Division response: The Division has taken Black Hawk/Central City’s comments under advisement and has taken a look at the other permitted dischargers. One that was specifically pointed out was the Bates Hunter Mine which could also be considered a “state-of-the-art” facility. The Bates Hunter Mine discharges directly to Gregory Gulch at an average flow of less than 0.1 cubic feet per second (cfs). The design capacity for flow is approximately 0.7 cfs which is approximately 24% of the lowest median monthly flow. The design capacity of Black Hawk/Central City’s plant exceeds chronic low flows in North 50 May 2008
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Clear Creek for nine out of the twelve months (75% of the year). Therefore, it is necessary to reduce their allowable discharge concentration to below the standard.



Issue: Future Discharge Concentrations The City of Black Hawk and the Black Hawk/Central City Sanitation District are concerned that when their plant reaches its design capacity (6 times the current flow) it may not be able to achieve the very low effluent levels for metals. They also suggest that WLAs in the TMDL do not support the previous Maximum Expected Pollutant Concentrations calculated for the recent permit issuance. Division response: The Division believes that if the Black Hawk/Central City “state-of-the-art” plant can no longer attain the effluent metals concentration given to them in their permit, they may have that discussion with the Permits division. The MEPC levels were used to calculate WLAs for dissolved manganese and dissolved zinc in the current version of the TMDL. No MEPC values were available for total recoverable iron. When the MEPC value for cadmium was used to calculate BHCCSD’s WLA, the BHCCSD plant to exceeded the TMDL for every month of the year. Despite the advanced technology of the BHCCSD plant, it is uncertain whether or not the current level of metals removal can be maintained as the Black Hawk/Central City plant approaches its design capacity. The plant’s ability to maintain metals removal may be reduced as the flow increases due to potential changes such as: changes in source water, reduction of detention and settling times, and reduced filter run times. Therefore, TMDL calculations should be reexamined as the flows in North Clear Creek increase. Issue: Assimilative Capacity of North Clear Creek The City of Black Hawk and the Black Hawk/Central City Sanitation District believe that the assimilative capacity that was given to Black Hawk /Central City in their discharge permit which is now available in the TMDL as a load allocation “unfairly places the burden on the BHCCSD facility to “free up” assimilative capacity that can be given to the non-point sources through a load allocation.” Division response: If BHCCSD were allowed to discharge cadmium at the standard to their design capacity, the burden of instream metals reductions would be placed on permitted dischargers. Currently, in the scenario presented in the current version of the TMDL, it is stated that load reductions are not the responsibility of the dischargers. Allowing BHCCSD to discharge at the standard would obviate the need for WLAs assigned to non-permitted mine discharges, which are the primary source of the high metals concentrations. In the current draft version of the TMDL, reductions to attain the current underlying standards are assumed to come from the combination of non-permitted mine sources and non-point source loading as opposed to permitted point source dischargers. 51 May 2008
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Issue: Inclusion of CERCLA Remediation Goals The City of Black Hawk and the Black Hawk/Central City Sanitation District believes that the CERCLA remediation goals should be included into the calculations of the TMDL. They note that “there is no need to assign any WLAs that are less than the underlying standards”. They also indicate that a “phased” or “staged” approach may be appropriate instead of “imposing needlessly stringent WLAs on the dischargers”. Division response: The Division completed the TMDL based on the current underlying standards in North Clear Creek. CERCLA remediation goals were included to illustrate what the potential outcome of remedial actions may be. The WLAs given to the dischargers allows the stream to attain current standards (both acute and chronic) if the proposed load reductions are made. An alternative to the “needlessly stringent” WLA would be to propose site-specific cadmium standards for North Clear Creek. The current standards are suitable for the presence of trout, and are therefore very stringent. Cadmium standards will also decrease by almost an order of magnitude when the new cadmium standards are adopted at the South Platte Basin hearing in 2009. This in turn would cause the WLA given to the dischargers to become even more stringent. If the underlying standards are revised at or before the 2009 South Platte River basin rulemaking, TMDLs and/or WLAs based on superceded standards should be revisited. Due to the abundance of data collected, the Division supports a TMDL with a “staged” implementation. This is a TMDL that anticipates implementation in several distinct stages, and it is anticipated that the load and waste load allocations will not require any significant adjustments. Instead, implementation actions will be staged over a period of time (i.e., ongoing CERCLA remediation). In this case, the WLA to point sources (which would be implemented through the NPDES process and alternate underlying standards) would be predicated on continued remediation in North Clear Creek. Issue: Incorrect Statement Regarding Black Hawk/Central City’s Discharge The City of Black Hawk and the Black Hawk/Central City Sanitation District feel the sentence “The Black Hawk/Central City Sanitation District, under its current discharge permit, contributes significant (>10% load at mouth) metal loads to North Clear Creek.” should be corrected to reflect the current situation as opposed to future scenarios. Division response: The Division has addressed this inconsistency by revising the above sentence to reflect the current situation. It now reads “The Black Hawk/Central City Sanitation District, under its current discharge permit, could contribute a significant (>10% load at mouth) metal loads to North Clear Creek, if it were to discharge at its design capacity. It should be noted that this state-of-the-art plant discharges well below its effluent limits and well below its design capacity.”. 52 May 2008
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