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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY REGION 8 1595 WYNKOOP DENVER, CO 80202-1129 Phone 800-227-8917 htta:/lwww.eaa.novlregionOS



I:



SEP 1 7 2008



Ref :8EPR-EP Mr. Steve Gunderson Director Water Quality Control Division Colorado Department of Public Health and ~nvironment 4300 Cherry Creek Drive South Denvkr, Colorado 80246-1530



Re: TMDL Approvals Hall VaIIey/Hmdcart Gulch - COSPUSU4 Sa~gMigueI River- C'OGUSM03, COGUSM03B, COGUSMO6q COGUSMO6b Kerber Creek - CORGCB09a, CORWB09b Dear Mr. Gunderson:



I



I



I



We have completed our review o f the total maximum daily loads (TMDLs) as submitted by your office for the waterbodies listed in the enclosure to this letter. In accordance with the Clean Water Act (33 U.S.C. 1251 et. seq.), we approve all aspects of TMDLs as developed for certain pollutants in water quality limited watehdies as described in Section 303(d)(l). Based on our review, we feel the separate TMDL elements for the polIutants listed in the enclosed u :s are adequately addressed, taking into consideration seasonal variation and a margin of safety. Thank you for submitting these TMDLs Tor our revlew and approval. If you have any q~estio~s, the mbst knowledgeable person on my staff is Sandra Spence and she may be reached at (3 03) 3 126947. Sincerely,



Carol L. Campbell Assistant Regional Administrator Office o f Ecosystems Protection and Remediation
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Total Maximum Daily Load Assessment Kerber Creek Saguache County, Colorado



Colorado Department of Public Health and Environment Water Quality Control Division April, 2008 FINAL



1 March 25, 2008



FINAL



TMDL Summary Waterbody Description / WBID



Mainstem, tributaries and wetlands of Kerber Creek, except for specific listings in segment 8, from the source to immediately above the confluence of Brewery Creek, CORGCB09a; Mainstem of Kerber Creek from the confluence with Brewery Creek to the confluence with San Luis Creek, CORGCB09b.



Pollutants Addressed



Dissolved Cadmium, Dissolved Lead, Dissolved Silver, and pH, CORGCB09a; Dissolved Cadmium, Dissolved Copper, and Dissolved Zinc, CORGCB09b.



Relevant Portion of Segment (as applicable)



Mainstem, tributaries and wetlands of Kerber Creek, except for specific listings in segment 8, from the source to immediately above the confluence of Brewery Creek; Mainstem of Kerber Creek from the confluence with Brewery Creek to the confluence with San Luis Creek.



Use Classifications / Designation



Segment 9a: Recreation E, Water Supply, Agriculture / Use Protected; Segment 9b: Aquatic Life Cold 1, Recreation E, Water Supply, Agriculture / Use Protected.



Water Quality Targets (for dissolved fraction of metals)



TMDL Goal



Segment 9a pH Cd-Trec Pb-Trec Ag-Trec Segment 9b Cd-D Cu-D Zn-D



Chronic 6.5-9.0 50 g/L Chronic



Acute 6.5-9.0 5 g/L 50 g/L Acute



e (0.7852 ln (hardness)-2.906) e (0.8889 ln (hardness)-1.519) e (0.8179 ln (hardness)+2.907)



e (0.7852 ln (hardness)-1.545) e (0.8889 ln (hardness)+0.53) e (0.8179 ln (hardness)+3.757)



Water Supply Goal in Segment 9a/Aquatic Life Use in Segment 9b



EXECUTIVE SUMMARY The Kerber Creek watershed is tributary to San Luis Creek and part of the Rio Grande Closed Basin (Figure 1). The mainstem of Kerber Creek from its source to the confluence with San Luis Creek first appeared on the Colorado 1998 303(d) list for non-attainment of cadmium (total recoverable) and silver (total recoverable) standards for Segment 9a, and for nonattainment of dissolved cadmium, dissolved copper, and dissolved zinc in Segment 9b (Table 1) (WQCC 2006a). Segment 9a was also listed for pH and lead (total recoverable) in 2006. While there is no Aquatic Life use classification on Segment 9a, the upstream metals concentrations impair the Aquatic Life Cold 1 classification downstream in Segment 9b and the Water Supply use classification on Segment 9a. All of the other parameters that were assessed were found to be in attainment. The high concentration of metals is primarily the result of mining activity in the watershed between the1890’s and the 1970’s. There are currently no active mines on Kerber Creek. Sporadic production in the Bonanza Mining District occurred between the 1890's into 1970. Ore from the Rawley vein consisted primarily of copper, lead, zinc, and silver. Although there are currently no active mines on Kerber Creek, it still retains a number of mine-site related features, however. A significant amount of Colorado Voluntary Cleanup and Redevelopment Act (VCUP) work has been completed within the Kerber Creek watershed. Over 4500 cubic yards of tailings were removed from the site in July 1997. This project was funded through a



2 March 25, 2008



FINAL



Clean Water Act (CWA) Section 319(h) grant. In 1998, ASARCO completed their riparian restoration effort along the main stem of Kerber Creek. At the same time, Colorado Department of Public Health and Environment performed a second removal action at three waste piles located within the watershed. This project was funded through an EPA grant. 303(d) Listed Segment Description Portion Contaminants Mainstem, tributaries and wetlands of Kerber Creek, All Cd, Pb, Ag, pH except for specific listings in segment 8, from the source to immediately above the confluence of Brewery Creek Segment 9b Mainstem of Kerber Creek from the confluence with All Cd, Cu, Zn Brewery Creek to the confluence with San Luis Creek Table 1. Segments within the Kerber Creek watershed that appear on the 2006 303(d) list of impaired water bodies. Segment # Segment 9a



I.



INTRODUCTION



Section 303(d) of the federal Clean Water Act requires States to periodically submit to the U. S. Environmental Protection Agency (EPA) a list of water bodies that are water-quality impaired. A water-quality impaired segment does not meet the standards for its assigned use classification. This list of impaired water bodies is referred to as the ―303(d) List‖. The List is adopted by the Water Quality Control Commission (WQCC) as Regulation No. 93. For waterbodies 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 discharge, 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



Alternatively, a segment or pollutant may be removed from the list if the applicable standard is attained, if implementation of clean up activities via an alternate means will result in attainment of standards, if the original listing decision is shown to be in error, or if the standards have been changed as the result of a Use Attainability Analysis (UAA). 1.1 Segment Description The mainstem, tributaries and wetlands of Kerber Creek (except for specific listings in segment 8) from the source to immediately above the confluence of Brewery Creek is included on the 2006 303(d) list for failing to support the Water Supply use classification and corresponding total recoverable standards for cadmium, lead, silver, and pH. The mainstem of Kerber Creek from the confluence with Brewery Creek to the confluence with San Luis Creek is included in the 2006 303(d) list for non-attainment of the Aquatic Life use standards for dissolved cadmium, dissolved copper, and dissolved zinc in Segment 9b (Table 1) (WQCC, 3 March 25, 2008
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2006b). Both segments have been identified as a ―High‖ priority by the Division.



Designated Uses: Date of Current Approved 303(d) list: 2006 WBID



CORGCB09a



CORGCB09b



Segment Description Mainstem, tributaries and wetlands of Kerber Creek, except for specific listings in segment 8, from the source to immediately above the confluence of Brewery Creek Mainstem of Kerber Creek from the confluence with Brewery Creek to the confluence with San Luis Creek



Designated Uses & Impairment Status Recreation E / Not Impaired Water Supply / Impaired Agriculture/Not Impaired Aquatic Life Cold 1 / Impaired Recreation E / Not Impaired Water Supply / Not Impaired Agriculture/Not Impaired



Table 2. Segments within the Kerber Creek watershed that appear on the 2006 303(d) list of impaired water bodies and corresponding impairment of their designated uses. 1.2 Discharge Permits and Property Ownership There are currently no Colorado Discharge Permit System (CDPS) or National Permit Discharge Elimination System (NPDES) permits that address discharges to Kerber Creek or its tributaries. Historic effects from the Bonanza Mining District however, are treated as nonpermitted point sources in Segments 9a and 9b of this TMDL. II. GEOGRAPHICAL EXTENT The Bonanza Mining District is located at the headwaters of Kerber Creek, within the San Juan Mountains, 120 miles southwest of Denver, Colorado. It consists of approximately 30 to 35 square miles in the extreme northeastern portions of the San Juan Mountains of south central Colorado. Kerber Creek is situated within the Bonanza caldera with mountains forming three sides of the drainage basin. Kerber Creek water is used for crop irrigation and drinking water 15 miles downstream in the San Luis Valley. Water quality in Kerber Creek does, however, meet the applicable standards at the point of drinking water diversion. The mining district is situated approximately 22 miles south of Poncha Springs on Colorado State Highway 285 and 14 miles west on Saguache County Road LL56. The Town of Bonanza (population 16) is located within the district. Kerber Creek, which has been impacted by mining/milling related activities, is the main drainage within the district. The quality of water in Squirrel Creek and Rawley Gulch, tributaries to Kerber Creek, is also impacted where these streams flow through the district. The environmental impacts in the Bonanza Mining District, that have been identified for remedial action under voluntary restoration, include the Rawley 12 tailings and the Rawley 12 mine discharge located along Squirrel Creek, the Superior Mill tailings also located along Squirrel Creek, the Cocomongo/Bonanza Mill tailings in Kerber Creek, tailings impoundments along Kerber Creek, and fluvially deposited tailings along Kerber 4 March 25, 2008
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Creek. Sporadic production in the Bonanza Mining District occurred between the 1890's into 1970. Ore was reportedly discovered at the outcrop of the Rawley Vein, located in Rawley Gulch, in 1880 and significant production of ore from the Rawley Mine began in 1902. The mine consists of twelve levels including the Rawley 1200 level which was completed as a drainage and ore haulage tunnel. Ore from the Rawley vein consisted primarily of copper, lead, zinc, and silver. Production from the Rawley Mine was intermittent due to flooding of the mine workings and difficulties in obtaining a sufficient volume of water to operate a mill in Rawley Gulch. In 1910, the Rawley 12 drainage tunnel was driven for a distance of 6200 feet from Squirrel Creek to the Rawley Mine in Rawley Gulch. In 1916, planning began for a 300 ton/day mill along Squirrel Creek at the Rawley 12 portal. The Rawley Mill was completed in 1923. An estimated 476,000 tons of ore were produced from the Rawley Mine from 1923 to 1930. To accommodate the tailings resulting from the processing of this volume of ore, a dam was built across Squirrel Creek below the mill. Also, three tailings dams were constructed on Kerber Creek below the Town of Bonanza between 1925 and 1930.



Figure 1. The Kerber Creek watershed. Sampling stations for 2007 synoptic sampling event are labeled. .



5 March 25, 2008



FINAL



III.



WATER QUALITY STANDARDS



The Colorado Basic Standards and Methodologies for Surface Water, Regulation 31 identifies standards assigned to all surface waters statewide (WQCC 2006b). The pollutants of concern for this assessment are cadmium, lead, silver, and pH in Segment 9a and cadmium, copper, and zinc for Segment 9b. The stream segments addressed here are use classified as Recreation E, Water Supply, and Agriculture in Segment 9a and Aquatic Life Cold 1, Recreation E, Water Supply, and Agriculture in Segment 9b. Segment 9a currently exceeds the Water Supply Use classification standards, while in Segment 9b the elevated levels of listed heavy metals exceed the Aquatic Life Use standards, while other uses are supported. Designated Uses: Date of Current Approved 303(d) list: 2006 WBID



Applicable Water Quality Criteria & Status



Impaired Designated Use



CORGCB09a



Water Supply /Impaired



CORGCB09b



Aquatic Life Cold 1 / Impaired



pH (1,2) / Not Attained Total Recoverable Cd (1,2) / Not Attained Total Recoverable Pb (1,2) / Not Attained Total Recoverable Ag (1,2) / Not Attained Dissolved Cd (1,2) / Not Attained Dissolved Copper (1,2) / Not Attained Dissolved Zn (1,2)/ Not Attained



(1) CO Regulation No. 31, The Basic Standards and Methodologies for Surface Water (2) Classification and Numeric Standards for the Rio Grande Basin



Table 3. Segments within the Kerber Creek watershed that appear on the 2006 303(d) list of impaired water bodies and applicable water quality criteria. The specific numeric standards assigned to the listed stream segments are contained in Regulation 36, the Classifications and Numeric Standards for the Rio Grande Basin (WQCC, 2007). The parameters of concern for which these two segments are impaired are similar in that elevated upstream levels arise as the result of historic mining activities. However, it is important to note the dissimilarity in the uses assigned to the segments, and therefore the difference in the relevant numeric standards and the manner in which attainment is assessed. As noted previously, Segment 9a is classified for Water Supply (as well as Recreation and Agriculture) uses. Segment 9b is classified for Aquatic Life use in addition to those uses assigned to Segment 9a (WQCC, 2007). There are no chronic cadmium or lead standards applicable to Segment 9a of Kerber Creek due to the lack of an Aquatic Life Use classification. Site specific standards were adopted in 1994 for both Segments 9a and 9b in 1994 after a Use Attainability Analysis (UAA) was developed jointly by the Hazardous Materials and Waste Management Division (HMWMD) of CDPHE and ASARCO Incorporated and adopted by the Water Quality Control Commission (WQCC). In addition, since Kerber Creek standards have historically been very complicated, the WQCC chose not to adopt an acute silver standard for Segments 9a and 9b. Total recoverable values are used for drinking water use attainment and human health 6 March 25, 2008
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protection because once the metals are ingested, the metals in particulate form (i.e. those that would be filtered out using a dissolved method) are considered to pose a risk to humans. One reason is that many things can happen to particulate metals once ingested into the body in terms of chemical breakdown. In the case of Segment 9b, the dissolved metals fraction is used to assess attainment because it best approximates the bioavailable fraction that is of concern. Particulate metals are considered to pose less risk to aquatic life (Dave Moon, EPA, Personal communication). The difference in use classifications results in differing application and assessment of parameter specific numeric standards. The cadmium, lead and silver standards assigned to Segment 9a are expressed as the ―total recoverable‖ form of these metals. The ambient level for total recoverable species-based standards is defined and assessed as the 50th percentile value for the pertinent water quality data (See Basic Standards and Methodologies for Surface Water, 5 CCR 1002-31). The parameters for which Segment 9b is listed are expressed as site-specific, hardness-based numeric standards and are therefore assessed based upon the 85th percentile value for the dissolved metal fraction.



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



Hardness



pH



Segment 9a Cd-Trec, (ac)



130 78 130 100 62 47 82 96 107 119 130 130



7.2 7.3 6.9 7.4 6.7 7.6 7.7 7.1 7.3 7.5 7.7 7.0



5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0



Pb-Trec, (ac)



Ag-Trec (ch)



Hardness



50 50 50 50 50 50 50 50 50 50 50 50



50 50 50 50 50 50 50 50 50 50 50 50



180 152 123 118 75 70 120 130 150 125 127 123



Segment 9b Cd-D (ch) Cu-D (ch) 3.2 2.8 2.4 2.3 1.6 1.5 2.4 2.5 2.8 2.4 2.5 2.4



Zn-D (ch)



22 19 16 15 10 10 15 17 19 16 16 16



Table 4. Average hardness and stream standards for 303(d) listed segments of Kerber Creek. There are no chronic cadmium or lead standards on Segment 9a. Data are from the Colorado Department of Public Health and Environment (CDPHE). The relevant standards for segment 9b addressed in this document are ambient based chronic standards and vary based on hardness. Chronic standards were used in the Kerber 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. Per Regulation 31, chronic toxic effects include but are not limited to demonstrable abnormalities and adverse effects on survival, growth, or reproduction (WQCC 2006b). Because hardness fluctuates seasonally, standards are listed on a monthly basis using the average hardness for each month to calculate the standard. 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 4). Hardness values were significantly higher in the lower segment of Kerber Creek as opposed to upstream values, and therefore more lenient 7 March 25, 2008
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standards were applicable. However, exceedances of the standards at sites both upstream and downstream were common. Segment 9b was added to the 2006 303(d) list for dissolved cadmium, copper, and zinc based on exceedances of the chronic standards. Only one acute exceedance occurred for zinc on 3/15/04 during the five year assessment. Therefore, according to the Section 303(d) Listing Methodology, Segment 9b is in attainment of the acute standard (exceedance of the standard less frequently than twice in three years). IV.



PROBLEM IDENTIFICATION



4.1 Discharge Permits and Property Ownership There are currently no Colorado Discharge Permit System (CDPS) or National Permit Discharge Elimination System (NPDES) permits that address discharges to Kerber Creek or its tributaries. All other sources that were examined are considered non-point sources and are therefore accountable to load allocations. 4.2 Background Water quality in Kerber Creek, Closed Basin Segments 9a and 9b of the Rio Grande Basin, is impacted by legacy mining features and draining adits in the Bonanza Mining District. The area was actively mined from 1880 to 1969 and environmental impacts from the historic mining activities continue to impact Kerber Creek and the surrounding watershed. These environmental problems include continuous discharge of high metal content drainage from one of the mine adits, erosion of high metal content mining wastes into Kerber Creek, and stormwater runoff. As a result, fish and normal aquatic life have disappeared as far as ten miles downstream of the Bonanza Mining District. Also, runoff from a summer thunderstorm in 1997 is believed to be responsible for a fish kill in a reservoir over 15 miles downstream of the mining district (Ketellapper, 1998). Beginning in 1991, the U.S. Forest Service (USFS), the U.S. Environmental Protection Agency (EPA), and the Colorado Department of Public Health and Environment (CDPHE) initiated an investigation of the Bonanza Mining District to determine if the mining district would qualify for Superfund listing for cleanup. The investigation found that the mining district did qualify as a Superfund Site. However, private parties historically involved with the mining district (the Bonanza Group), proposed to address these environmental impacts voluntarily. By 1994, the government agencies and the Bonanza Group agreed to address contamination at the Site without Superfund listing. This was accomplished by three major agreements. First, the Bonanza group signed an agreement with CDPHE to voluntarily address the environmental impacts of historic mining activities. This agreement described how clean up plans would be determined, community participation, funding of oversight by regulatory agencies, and environmental goals. Second, EPA agreed to delay proposing the Bonanza Mining District as a Superfund site as long as progress was being made towards achieving a Superfund quality cleanup. Third, a Memorandum of Understanding (MOU) between the USFS and CDPHE was established to coordinate oversight of the Bonanza Group's activities on public and private lands, ensure public participation, and to coordinate information exchange between the agencies. The
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USFS took responsibility for the overall management of activities conducted on public lands. CDPHE assumed responsibility for work conducted on private lands as well as the oversight of construction activities on both private and public lands. Once these agreements were in place, addressing environmental contamination associated within the mining district began immediately. Beginning in September 1994, tailings from the Rawley Mill in Squirrel Creek were removed. An estimated 31,000 cubic yards of tailings were excavated from Squirrel Creek and disposed of at an on-site engineered repository at the middle tailings dam below the Town of Bonanza. In 1995, an additional 85,000 cubic yards of tailings were excavated from the upper and lower tailings dams and were consolidated at the repository. In 1996, the stream reach of the Squirrel Creek channel that was impacted by the Rawley Mill tailings was reconstructed and reclaimed. In addition, the Rawley 12 portal was opened, the discharge was diverted to an oxidation-sedimentation pond and treatment of the discharge began. Members of the Bonanza Group completed the in-place closure of the Superior Mill tailings in 1996. This successfully minimized any future environmental impacts from this mill site. In 1997, restoration activities continued along the riparian corridor of Kerber Creek. ASARCO has worked cooperatively with the state to facilitate the cleanup of orphan shares at the site by agreeing to accept tailings to be excavated under a separate removal action from an "orphan" (outside the area of responsibility of the Bonanza Group) mill site located within the town of Bonanza adjacent to Kerber Creek. Colorado Department of Public Health and Environment performed the removal of 4500 cubic yards of tailings from the mill site in July 1997. This project was funded through a Clean Water Act (CWA) Section 319(h) grant. In 1998, the riparian restoration effort along the main stem of Kerber Creek was completed. At the same time, Colorado Department of Public Health and Environment performed a second removal action at three waste source piles located within the watershed. This project was funded through an EPA grant. In 1999, a plug was constructed in the Rawley 12 adit in order to eliminate and prevent further mine waste discharge. Most of this work is now completed and has resulted in marked improvements to the surface water quality in Kerber Creek. Since that time, significant progress has been made to mitigate the environmental impacts of legacy mining, and conditions are expected to continue to improve. Specifically, the Bonanza Group ceased active remediation in the watershed in 2005. Although the Bonanza Group has actively ceased remediation, partnerships are currently being developed with the National Resource Conservation Service (NRCS), Colorado Division of Wildlife (CDOW), Colorado Department of Public Health and Environment (CDPHE), Trout Unlimited, the US Forest Service (USFS), Bureau of Land Management (BLM), Rio Grande Roundtable, and private land owners to continue the restoration of Kerber Creek. Current nonpoint source 319 project proposals included a proposal by the Kerber Creek Restoration Project sponsored by Trout Unlimited to relocate and cap remaining tailings piles. Because aquatic life in Segment 9a has been severely impacted by elevated metal levels resulting from historic mining activities, there is no aquatic-life use classification on this segment, and no recent aquatic life information has been collected for this segment. Additionally, no recent aquatic life information has been collected for segment 9b. Brook trout were collected, however, in Elkhorn Gulch in 1999, a tributary to Kerber Creek.
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V.



WATER QUALITY GOALS The water quality goal for the 303(d) listed segments of Kerber Creek is attainment of the assigned use classifications for Segments 9a and 9b, specifically the assigned Water Supply Use classification for Segment 9a and the Aquatic Life Use classification for Segment 9b. The endpoint of the TMDL would be an assessment that the assigned water quality standards for metals are being attained.



VI. INSTREAM CONDITIONS 6.1 Hydrology Data from the weather station at Saguache, Colorado shows that the watershed is arid to semi-arid. At the headwater elevations, most of the moisture is from winter snowfall. Climate data for the Saguache Weather Station, the only weather station in the watershed, for the period of August 1948 through June 2007 is summarized as follows: Average annual precipitation: 8.32 in. (211 mm.) Month of highest precipitation: August (1.65 in. (41.9 mm.)) Month of lowest precipitation: February (0.23 in. (5.8 mm.)) Average annual snowfall: 25.7 in. (65.3 cm.) Average annual temperature: 42.5º F (5.83º C) Month of highest average temperature: July July (64.3º F (17.9º C)) Month of lowest average temperature: January (20.02º F (-6.7º C)) (Source: http://www.wrcc.dri.edu/summary/climsmco.html) The hydrograph of Kerber Creek is typical of high mountain streams, with low flows occurring in the late fall to early spring followed by a large increase in flow, usually in May or June, due to snowmelt that tails off through the summer (Figure 2, Table 5). Median monthly flows were approximately between 2.0 and 34.5 cfs, based on USGS flows from WY 99 through WY 2006 (Table 5). Acute and chronic low flows were calculated using USEPA DFLOW software. The drainage area at the USGS gage for Kerber Creek is 45.4 square miles, and the gage is at 8,640 feet above sea level. Figure 2 and Table 5 illustrate the hydrologic characteristics of Kerber Creek.
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USGS Gage #8224500, Kerber Cr. above Little Kerber Cr. near Villa Grove 200 180 160



Flow, cfs



140 120 100 80 60 40 20 0 Sep-98



Sep-99



Sep-00



Sep-01



Sep-02



Sep-03



Sep-04



Sep-05



Sep-06



Figure 2. Hydrograph of Kerber Creek, above Little Kerber Creek, near Villa Grove USGS gage #08224500. Hydrologic characteristics of Kerber Creek (USGS gage #08224500). Mean Flow (cfs)



25th Percentile Flow (cfs)



Median Flow (cfs)



75th Percentile (cfs)



1E3 Acute Flow (cfs)



30E3 Chronic Flow (cfs)



Jan



1.9



1.6



2.0



2.4



0.1



0.1



Feb



2.3



1.8



2.1



2.7



1.0



0.1



Mar



3.5



2.7



3.2



3.8



1.3



1.4



Apr



12.5



6.9



9.9



15.0



3.4



2.3



May



38.1



18.0



34.5



49.3



4.6



2.3



Jun



23.3



10.0



20.5



31.0



1.1



0.6



Jul



7.8



4.4



6.3



9.7



0.2



0.1



Aug



6.3



2.6



4.5



7.0



0.1



0.1



Sep



4.1



2.3



3.2



4.7



0.2



0.1



Oct



3.6



2.7



3.2



4.4



1.6



0.8



Nov



3.0



2.5



2.9



3.5



1.2



0.3



Dec



2.0



1.6



2.2



2.5



0.1



0.1



Month



Table 5. Hydrologic characteristics of Kerber Creek (USGS gage #08224500). Acute (1E3) and chronic (30E3) flows are biologically based low flows. Biologicallybased 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
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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 periods which occur once in three years.



Kerber Creek 90 80 70



Flow, cfs



60 50 40 30 20 10 0 Jan



Feb



Mar
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Aug
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Dec



Month



Figure 3. Box and whisker plots for Kerber Creek flow at USGS gage #08224500. Boxes represent upper and lower flow quartiles (25th and 75th) while whiskers represent 5th and 95th percentiles. Red * indicates median flow values. Ambient Water Quality Data To identify exceedances of the assigned water-quality standards, the concentration of instream metals was calculated using the most current available data from the Water Quality Control Division (WQCD) of the Colorado Department of Public Health & Environment (CDPHE) (Table 6). Sampling was conducted at sites above and below Brewery Creek, which separates Closed Basin Segment 9a from Segment 9b (Tables 6 through 8). Sampling sites on tributaries of Segment 9a, i.e. Squirrel Creek, Rawley Gulch, and Copper Gulch, are shown in Table 7. Eighteen samples were taken on Segment 9a from the period 2002 through 2007. All of the dissolved samples taken on Segment 9a, Kerber Creek above Brewery Creek, are in attainment of the acute lead standard. Ambient pH concentrations were also in attainment of stream standards for samples taken. Five of the sixteen dates sampled for cadmium exceeded the acute cadmium standard of 5 ug/L. All of the five exceedances were from WQCD station #8697, Kerber Creek above the Elkhorn Gulch trailhead (Table 8).
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Station Number



No. of Samples



Agency



8686 8688 8690 8691 8697 8698 KC-17.5 KC-19



1 2 1 2 9 1 1 1



WQCD WQCD WQCD WQCD WQCD WQCD HMWMD HMWMD



Segment 9a Sampling Locations Kerber Creek above Brewery Creek Kerber Creek above Elkhorn Gulch Kerber Creek above Copper Gulch Kerber Creek below Squirrel Creek Kerber Creek at Elkhorn Gulch Trailhead Kerber Creek above Squirrel Creek Kerber Creek – Site 17.5 Kerber Creek – Site 19



Table 6. Locations, number of samples, and collection agency of sampling sites on CORGCB09a. (POR = 08/02 – 05/07)



Site ID



No. of Samples



Date Sampled



RG-1 RG-2 RG-3 8600



1 1 1 1



SC-1 SC-2 8694 8690



Segment 9a Tributary Sampling Locations



8/13/02 8/13/02 8/13/02 5/22/07



Agency HMWMD HMWMD HMWMD WQCD



1 1 1



8/13/02 8/13/02 5/22/07



HMWMD HMWMD WQCD



Squirrel Creek - Site 1 Squirrel Creek - Site 2 Squirrel Creek at Mouth



1



5/22/07



WQCD



Rawley Gulch - Site 1 Rawley Gulch - Site 2 Rawley Gulch - Site 3 Rawley Gulch at Mouth



Copper Gulch



Table 7. Locations, number of samples, and collection agency of tributary sampling sites on CORGCB09a. Station Number



No. of Samples



8650 8695 KC-2 KC-2.9 KC-3 KC-5 KC-6 KC-8



20 8 1 1 1 1 1 1



Agency WQCD WQCD HMWMD HMWMD HMWMD HMWMD HMWMD HMWMD



Segment 9b Sampling Locations Kerber Creek at Highway 285 in Villa Grove Kerber Creek at USGS Gage Kerber Creek – Site 2 Kerber Creek – Site 2.9 Kerber Creek – Site 3 Kerber Creek – Site 5 Kerber Creek – Site 6 Kerber Creek – Site 8



Table 8. Locations, number of samples, and collection agency of sampling sites on CORGCB09b. (POR = 01/01 – 05/07)
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Kerber Creek, Segment CORGCB09a Hardness Cd-D Cd-D Pb-D Pb-D Ag-D Ag-D (acute) Observed (acute) Observed (acute) Observed Jan 130 5 6.8 50 0** 50 -Feb 78 5 2.2 50 0** 50 -Mar 130 5 7.3 50 0** 50 -Apr 100 5 6.4 50 0** 50 0** May 62 5 4.0 50 1.8 50 -Jun 47 5 2.2 50 2.0 50 -Jul 82 5 3.3 50 2.0 50 -Aug* 94 5 4.3 50 4.5 50 -Sep* 106 5 5.3 50 7.0 50 -Oct* 118 5 6.2 50 9.5 50 -Nov 130 5 7.2 50 12.0 50 -Dec 130 5 12.0 50 17.0 50 -*No data were available for these months. Value is interpolated from adjacent monthly concentrations. Observed concentrations are based on 85th% values of ranked data. ** refers to values that were less than the detection limit, per the 303(d) Listing Methodology assessments *** ―—― refers to no data collected



Table 9. Ambient water quality data for Kerber Creek, CORGCB09a. Ambient concentrations of cadmium, lead and silver in Segment 9a are expressed in Table 9. Table 9 represents ambient 85th percentile concentrations of the dissolved fraction of metals generated from sampling data. Because the majority of the samples were analyzed for the dissolved metals fraction, comparison of the 85th percentile value of the dissolved species to a standard expressed as total recoverable may be an inexact basis for determining attainment. On the other hand, use of the 50th percentile does not clearly demonstrate attainment. However, if the dissolved fraction is not in attainment of the total recoverable standard there is sufficient evidence to demonstrate the segment as not in attainment. Lead and cadmium standards for Kerber Creek, Segment 9a, are expressed as acute total recoverable values. The column of Table 10 labeled Cd-D, Observed, demonstrates monthly dissolved cadmium samples from actual measured values. Since a non-parametric assessment was performed on Kerber Creek, actual measured values represent 50th percentile values in all months with only a single sample. The month of May represents the actual 50th percentile value generated from several data points. A comparison was drawn for those dates (n=3) in which both the dissolved and total recoverable fractions of cadmium were collected. Total recoverable cadmium, on average, was two times the dissolved fraction (dissolved fraction ~ 50% of total recoverable). The adjacent column represents predicted total recoverable cadmium concentrations from the ambient dissolved fractions. Based on predicted concentrations, June is the only month of the year when Segment 9a is in attainment of the acute cadmium standard. The column of Table 10 labeled Pb-D, Observed, demonstrates monthly dissolved lead samples from actual measured values. Since a non-parametric assessment was performed on Kerber Creek, actual measured values represent 50th percentile values in all months with only a single sample. The month of May represents the actual 50th percentile value generated from several data points. A metals translator was used to calculate the total recoverable lead fraction
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Kerber Creek, Segment CORGCB09a Pb-Trec Pb-D Predicted Cd-Trec Cd-D Predicted Hardness (acute) Observed Pb-Trec (acute) Observed Cd-Trec Jan 130 50 0.0 0.0 5.0 6.8 13.6 Feb 78 50 0.0 0.0 5.0 2.2 4.4 Mar 130 50 0.0 0.0 5.0 7.3 14.6 Apr 100 50 0.0 0.0 5.0 6.4 12.8 May 62 50 2.9 1.2 5.0 4.0 6.7 Jun 47 50 2.0 2.2 5.0 2.2 4.4 Jul 82 50 2.0 2.4 5.0 3.3 6.6 Aug* 94 50 4.5 5.8 5.0 4.3 8.5 Sep* 106 50 7.0 9.2 5.0 5.3 10.5 Oct* 118 50 9.5 12.6 5.0 6.2 12.4 Nov 130 50 12.0 15.9 5.0 7.2 14.4 Dec 130 50 17.0 22.6 5.0 12.0 24.0 *No data were available for these months. Value is interpolated from adjacent monthly concentrations. Observed concentrations based on 85th% values of ranked data. ** refers to values that were less than the detection limit, per the 303(d) Listing Methodology assessments *** ―—― refers to no data collected



Table 10. Predicted total recoverable cadmium and lead concentrations for Kerber Creek, CORGCB09a. from the dissolved fraction collected (EPA 1996). A conversion factor based on stream hardness values was used. On average, the dissolved fraction was calculated to be approximately 83% of the total recoverable value (varied on a monthly basis). The adjacent column represents predicted total recoverable lead concentrations from the ambient dissolved fractions. Based on predicted concentrations, all months of the year are in attainment of the acute lead standard.



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



pH Standard



pH 15th%



6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0



7.2 7.3 6.9 7.4 6.7 7.6 7.7 6.9 7.2 7.4 7.7 7.0



Table 11. 15th% pH concentrations for Kerber Creek, CORGCB09a. Tables 9 and 10 indicate that none of the lead samples exceeded the acute standard. The 15 March 25, 2008
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highest single value of 17 ug/L dissolved lead (predicted 22.6 ug/L total recoverable) was substantially less than the 50 ug/L standard. The Division recommended that lead be removed from the listing for this segment in 2008. Additionally, pH values were all in attainment of the assigned standard (Table 11), therefore the Division also recommended that pH also be removed from the listing for this segment. PH concentrations were calculated as 15th % values where multiple samples were taken (i.e. May and August). Remaining months were actual single measured concentrations. Kerber Creek, Segment CORGCB09a. Station ID



Station Name



Date



Hardness mg/l



Cd ug/l



Acute Standard



Exceed/Attain Acute Standard



8697



Kerber Creek at Elkhorn Gulch Trailhead



18-Nov-03



130



7.2



5.0



Exceed



8697



Kerber Creek at Elkhorn Gulch Trailhead



16-Dec-03



130



12.0



5.0



Exceed



8697 8697



Kerber Creek at Elkhorn Gulch Trailhead Kerber Creek at Elkhorn Gulch Trailhead



27-Jan-04 24-Feb-04



130 78



6.8 2.2



5.0



Exceed



5.0



Attain



8697



Kerber Creek at Elkhorn Gulch Trailhead



15-Mar-04



130



7.3



5.0



Exceed



8697 Kerber Creek at Elkhorn Gulch Trailhead 8686 Kerber Creek above Brewery Creek 8688 Kerber Creek above Elkhorn Gulch 8690 Kerber Creek above Copper Gulch 8691 Kerber Creek below Squirrel Creek 8697 Kerber Creek at Elkhorn Gulch Trailhead 8698 Kerber Creek above Squirrel Creek 8697 Kerber Creek at Elkhorn Gulch Trailhead 8697 Kerber Creek at Elkhorn Gulch Trailhead 8691 Kerber Creek above Squirrel Creek 8688 Kerber Creek above Elkhorn Gulch *Non-detects set equal to zero



14-Apr-04 5-May-04 5-May-04 5-May-04 5-May-04 5-May-04 5-May-04 2-Jun-04 21-Jul-04 22-May-07 22-May-07



100 69 68 67 71 70 26 47 82 23 47



6.4 2.9 3.7 4.0 3.0 4.1 0* 2.2 3.3 0* 1.9



5.0



Exceed



5.0



Attain



5.0



Attain



5.0



Attain



5.0



Attain



5.0



Attain



5.0



Attain



5.0



Attain



5.0



Attain



5.0



Attain



5.0



Attain



Table 12. Acute cadmium exceedances in Kerber Creek, Segment 9a. Exceedances are actual measured values and are highlighted in bold. As demonstrated by Table 9, Kerber Creek is in attainment of the dissolved silver standard. The segment was listed for silver in 1998 due to the probability that the effects from legacy mining would produce elevated levels of silver in the stream. No routine silver data has been collected, although data from the synoptic sampling event in May of 2007 showed a distinct lack of dissolved silver in Kerber Creek, with all silver samples being less than detection. As shown in Table 9, there also appears to be a distinct downward trend in cadmium levels during periods of high flow since May of 2004. Dissolved cadmium concentrations attenuate by approximately 60% annually in Segment 9b. Table 13 illustrates ambient water quality data for Segment 9b of Kerber Creek. Ambient cadmium concentrations in Segment 9b were in attainment of the chronic standard for nine months of the year. Segment 9b exceeded the cadmium standard in the months of March, May, and December. Copper concentrations were in attainment of the standard for eight months of the year. Copper standards were exceeded in March, April, May, and June. Similar to cadmium,
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zinc concentrations in Segment 9b were in attainment of standards for nine months of the year. Chronic standards were exceeded in February, March, and December.



Kerber Creek Segment 9b Cd-D Cd-D Cu-D Cu-D Zn-D Zn-D Hardness (chronic) Observed (chronic) Observed (chronic) Observed Jan 180 3.2 0.7 22.1 5.0 1279.6 410 Feb* 152 2.8 2.6 19.0 18.5 1114.4 1152 Mar 123 2.4 15.8 937.2 4.4 32.0 1893 Apr 118 2.3 2.0 15.2 905.9 708 17.2 May 75 1.6 10.2 625.3 609 1.7 31.6 Jun 70 1.5 0.8 9.6 591.0 270 20.0 Jul 120 2.4 0.5 15.4 8.9 918.5 122 Aug 130 2.5 0.4 16.6 12.0 980.6 59 Sep 150 2.8 0** 18.8 5.0 1102.4 17 Oct 125 2.4 0** 16.0 5.0 949.6 76 Nov 127 2.5 2.3 16.2 12.4 962.0 823 Dec 123 2.4 15.8 11.1 937.2 3.1 1068 *No data were available for these months. Value is interpolated from adjacent monthly concentrations. Observed concentrations based on 85th% values of ranked data. ** refers to values that were less than the detection limit, per the 303(d) Listing Methodology assessments



Table 13. Ambient water quality data Kerber Creek, CORGCB09b. Concentrations are based on 85th % values.
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Figure 4. Current monthly 85 % dissolved cadmium concentrations versus site-specific chronic cadmium standards in Segment 9b of Kerber Creek.
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Figure 5. Current monthly 85 % dissolved copper concentrations versus site-specific chronic copper standards in Segment 9b of Kerber Creek.
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Figure 6. Current monthly 85 % dissolved zinc concentrations versus site-specific chronic zinc standards in Segment 9b of Kerber Creek. VII.



TMDL Allocation



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.
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TMDL = WLA + LA + MOS TMDL = Sum of Waste Load Allocations + Sum of Load Allocations + Margin of Safety Waste Load Allocations “(WLA)” There are no identified permitted dischargers to this segment actively discharging to Kerber Creek Segments 9a and 9b. Historic effects from the Bonanza Mining District however, are treated as non-permitted point sources in Segment 9a of this TMDL. Diffuse runoff from remaining tailings piles are also treated as point sources and given a waste load allocation in Segment 9b of this TMDL. The TMDL is divided into both Waste Load and Load Allocations. A separate waste load allocation is given for the sum of the non-permitted abandoned mine sources. The waste load allocation for the mine sources was determined first by calculating a background, or upstream concentration from the WQCD sampling site Kerber Creek above Squirrel Creek (WQCD 8698). Background cadmium samples were below detection limit, so they were set to one half of the detection limit which is equivalent to 0.3 ug/l. A composite sample was calculated for the concentration downstream of the mine influence. 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 (93%). The remaining 7% was considered to be the load allocation. The percent reduction was calculated as the difference between the existing stream load (lbs/day) and the calculated TMDL (lbs/day) divided by the existing stream load. Load Allocations “(LA)” Background sources that were examined are considered non-point sources and are therefore accountable to load allocations. Margin of Safety “(MOS)” The MOS used in the TMDL analysis incorporates a 10% explicit margin of safety. The TMDL was calculated using an approximate median flow from the nearest gage and the existing stream standard. The conservative assumptions used in the analysis include 1) mean monthly hardness in the calculation of monthly hardness based water quality standards, and 2) Appendix A includes an estimated stream flow that is lower than that recorded during low flow conditions. Segment 9a is in attainment of the acute cadmium standard of 5 ug/L for two months out of the year (Table 14). The average annual cadmium load reduction that Kerber Creek would need in order to meet the site-specific acute standard is approximately 49%. This reduction encompasses all months of the year except February and June, which are currently in attainment of the standard. Monthly reductions are lowest in May and July (rising and falling limbs of the hydrograph) with reductions of 33% and 32%, respectively. The highest load reduction is required in the month of December at 81%. January, March, and April require load reductions of 67%, 69%, and 65%, respectively. The range of load reductions required in the months of August through November is approximately 47% to 69%. No load allocations were calculated for silver, since silver is in attainment of its acute standard, and no chronic standard has been adopted for this segment. 19 March 25, 2008
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Table 14: Total Maximum Daily Load for dissolved cadmium for Kerber Creek with a 10% Margin of Safety.



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



Median Flow 2.0 2.1 3.2 9.9 34.5 20.5 6.3 4.5 3.2 3.2 2.9 2.2



Hardness CaC03 mg/l 130 78 130 100 62 47 82 94 106 118 130 130



Cd Std ug/l 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0



Cd TMDL lbs/day 0.054 0.057 0.086 0.267 0.932 0.554 0.170 0.120 0.086 0.086 0.078 0.059



10% MOS 0.005 0.006 0.009 0.027 0.093 0.055 0.017 0.012 0.009 0.009 0.008 0.006



Cd TMDL with 10% MOS, lbs/day 0.049 0.051 0.078 0.241 0.838 0.498 0.153 0.108 0.078 0.078 0.070 0.053



LA, lbs/day 0.003 0.004 0.005 0.017 0.059 0.035 0.011 0.008 0.005 0.005 0.005 0.004



WLA, lbs/day 0.045 0.047 0.072 0.224 0.780 0.463 0.142 0.101 0.072 0.072 0.066 0.050



Observed Cd-D, ug/l 6.8 2.2 7.3 6.4 4.0 2.2 3.3 4.3 5.3 6.2 7.2 12.0



Predicted Cd-Trec, ug/l 13.6 4.4 14.6 12.8 6.7 4.4 6.6 8.5 10.5 12.4 14.4 24.0



Predicted Cd Load lbs/day 0.147 0.050 0.252 0.683 1.248 0.486 0.224 0.205 0.181 0.215 0.225 0.285



Load Reduction 0.098 -0.001 0.174 0.443 0.410 -0.012 0.071 0.097 0.103 0.137 0.155 0.231



Percent Load Reduction 67% 0% 69% 65% 33% 0% 32% 47% 57% 64% 69% 81%



Table 14: Total Maximum Daily Load for cadmium for Kerber Creek, Segment 9a with a 10% Margin of Safety. Predicted cadmium concentrations were calculated by multiplying measured dissolved values for single monthly samples by a factor of 2 (since dissolved metals were approximately 50% of total metals) and a 50th percentile total recoverable value for the month of May to obtain predicted total recoverable concentrations. Abandoned mines were estimated to contribute approximately 93% of the total annual load.
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Table 15: Total Maximum Daily Load for dissolved lead for Kerber Creek with a 10% Margin of Safety.



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



Median Flow 2.0 2.1 3.2 9.9 34.5 20.5 6.3 4.5 3.2 3.2 2.9 2.2



Hardness CaC03 mg/l 130 78 130 100 62 47 82 94 106 118 130 130



Pb Std ug/l 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0



Pb TMDL lbs/day 0.540 0.567 0.864 2.673 9.315 5.535 1.701 1.202 0.864 0.864 0.783 0.594



10% MOS 0.054 0.057 0.086 0.267 0.932 0.554 0.170 0.120 0.086 0.086 0.078 0.059



Pb TMDL with 10% MOS, lbs/day 0.486 0.510 0.778 2.406 8.384 4.982 1.531 1.081 0.778 0.778 0.705 0.535



LA, lbs/day 0.034 0.036 0.054 0.168 0.587 0.349 0.107 0.076 0.054 0.054 0.049 0.037



WLA, lbs/day 0.452 0.475 0.723 2.237 7.797 4.633 1.424 1.006 0.723 0.723 0.655 0.497



Observed Pb-D, ug/l 0.0 0.0 0.0 0.0 2.9 2.0 2.0 4.5 7.0 9.5 12.0 17.0



Predicted Pb-Trec ug/l 0.0 0.0 0.0 0.0 1.2 2.2 2.4 5.8 9.2 12.6 15.9 22.6



Predicted Pb Load lbs/day 0.000 0.000 0.000 0.000 0.220 0.246 0.083 0.140 0.159 0.217 0.250 0.268



Load Reduction -0.486 -0.510 -0.778 -2.406 -8.163 -4.736 -1.448 -0.942 -0.619 -0.560 -0.455 -0.266



Percent Load Reduction 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%



Table 15: Total Maximum Daily Load for lead for Kerber Creek, Segment 9a with a 10% Margin of Safety. Predicted lead concentrations were calculated by multiplying measured dissolved values for single monthly samples by a hardness based conversion factor ( 1.46203 –[ln(hardness)(0.145712)] and a 50th percentile total recoverable value for the month of May to obtain predicted total recoverable concentrations. Abandoned mines were estimated to contribute approximately 93% of the total annual load.



21 March 25, 2008



FINAL



Segment 9a is in attainment of the acute lead standard of 50 ug/L for the entire year (Table 15). There is no annual load reduction required for lead in order for Kerber Creek, Segment 9a, to meet the site-specific acute lead standard. The annual load reduction for cadmium, which was based on the 50th percentile of total recoverable metals concentrations, is 0% (Table 16). Since there were only three samples where total recoverable metals were analyzed, the loading reduction was calculated on an annual basis. The 50th percentile value was utilized for the current cadmium concentration. The difference in loading reductions from the actual observed values (0%) versus the predicted total recoverable values annual reduction (49%) may be attributed to the small number of samples analyzed for total recoverable metals and incorporation of a 10% margin of safety. The reliability of the percent reductions could be increased by incorporating a sample monitoring plan that included total recoverable metals samples. Additionally, predicted concentrations and loads may be overestimates of the actual load since monthly concentrations represent actual measured values and therefore 50th percentile values. With the collection of more data, the actual 50th percentile concentrations could be calculated and utilized for this TMDL. However, this overly protective estimation provides an implicit margin of safety built into the estimated load reductions. In the future, loading allocations and reductions could be revisited and modified to include additional metals data. Similar to their dissolved fraction, no loading reduction is required for lead or silver. Table 16. TMDL as annual total recoverable metals for Kerber Creek with a 10% Margin of Safety



Month Annual Annual



Median Flow 3.2 3.2



Metal Cd-T Pb-T



Std ug/l 5.0 50.0



TMDL lbs/day 0.086 0.864



10% MOS 0.009 0.086



TMDL with 10% MOS, lbs/day 0.078 0.778



LA, lbs/day 0.005 0.054



WLA, lbs/day 0.072 0.723



Current concentration ug/l 3.4 16.1



Current Load lbs/day 0.059 0.278



Load Reduction -0.019 -0.499



Table 16. TMDL as annual total recoverable metals for Kerber Creek, Segment 9a, with a 10% Margin of Safety (loads were calculated using the 50th % of measured concentrations). Values for pH in Kerber Creek, Segment 9a, are in attainment of their acute and chronic standards. Similarly, by addressing sources of acid mine drainage, contributions to the low pH values will also be ameliorated. This assumption can be verified upon implementation of abandoned mine remediation plans. The waste load allocation for total recoverable cadmium for Kerber Creek Segment 9a can be further broken down into load allocations attributed to tributaries of Kerber Creek (Figure 5). Rawley Gulch is allotted the greatest percentage of the load at approximately 40%, closely followed by Squirrel Creek at 36% of the load, and Copper Gulch at 17%. The remaining 7% of the load is attributed to background or non-point sources.



22 March 25, 2008



Percent Load Reduction 0% 0%



FINAL



TMDL Contributions for Segment 9a Background/Non-Point - 7%



Copper Gulch - 17%



Rawley Gulch - 40%



Squirrel Creek - 36%



Figure 5. TMDL load contributions of total recoverable cadmium from tributaries of Segment 9a. Loads were also calculated individually for tributaries that flow into Kerber Creek, and are included in Segment 9a. Data from Squirrel Creek, Rawley Gulch, and Copper Gulch were used to generate loading allocations (Tables 17 – 19). Loading allocations were split between waste load allocations (93%) and load allocations (7%) consistent with the source assessment of Kerber Creek Segment 9a. Squirrel Creek would require an annual loading reduction of 84% for cadmium and no load reduction for lead to attain site-specific acute total recoverable standards (Table 17). Currently, Squirrel Creek is not in attainment of the pH standard of 6.5-9.0 with an ambient pH of 6.0 s.u.. Rawley Gulch would require a 90% load reduction for cadmium to reach the site-specific acute standard of 5 g/l (Table 18). It currently falls well below the pH standard with an ambient concentration of 4.7 s.u.. As demonstrated in Table 13, it is currently in attainment of the 50 ug/L lead standard. Copper Gulch is currently in attainment of both the cadmium and lead standards, thereby requiring no reduction in metals loads (Table 19). It is also in attainment of the pH standard with an ambient concentration of 7.3 s.u.. Table 17. TMDL as annual total recoverable metals for Squirrel Creek with a 10% Margin of Safety



Month Annual Annual



Median Flow 0.85 0.85



Metal Cd-T Pb-T



Std ug/l 5.0 50.0



TMDL lbs/day 0.023 0.230



10% MOS 0.002 0.023



TMDL with MOS, lbs/day 0.021 0.207



LA, lbs/day 0.001 0.014



WLA, lbs/day 0.019 0.192



Current Conc. ug/l 28.0 45.0



Current Load lbs/day 0.129 0.207



Load Reduction, lbs 0.108 0.000



Table 17. TMDL as annual total recoverable metals for Squirrel Creek, Segment 9a, with a 10% Margin of Safety (loads were calculated using measured concentrations).
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Table 18. TMDL as annual total recoverable metals for Rawley Gulch with a 10% Margin of Safety



Month Annual Annual



Median Flow 0.97 0.97



Metal Cd-T Pb-T



Std ug/l 5.0 50.0



TMDL lbs/day 0.026 0.262



10% MOS 0.003 0.026



TMDL with MOS, lbs/day 0.024 0.236



LA, lbs/day 0.002 0.017



WLA, lbs/day 0.022 0.219



Current Conc. ug/l 47 31



Current Load lbs/day 0.246 0.163



Load Reduction, lbs 0.223 -0.073



Percent Load Reduction 90% 0%



Table 18. TMDL as annual total recoverable metals for Rawley Gulch, Segment 9a, with a 10% Margin of Safety (loads were calculated using measured concentrations). Table 19. TMDL as annual total recoverable metals for Copper Gulch with a 10% Margin of Safety



Month Annual Annual



Median Flow 0.41 0.41



Metal Cd-T Pb-T



Std ug/l 5.0 50.0



TMDL lbs/day 0.011 0.109



10% MOS 0.001 0.011



TMDL with MOS, lbs/day 0.010 0.098



LA, lbs/day 0.0007 0.0069



WLA, lbs/day 0.009 0.092



Current Conc. ug/l 0.0 2.0



Current Load lbs/day 0.000 0.004



Load Reduction, lbs -0.010 -0.094



Percent Load Reduction 0% 0%



Table 19. TMDL as annual total recoverable metals for Copper Gulch, Segment 9a, with a 10% Margin of Safety (loads were calculated using measured concentrations). Remaining tailings piles in the Kerber Creek watershed are treated as point sources consistent with the proportion upstream and are therefore given a waste load allocation (Figure 6). Diffuse runoff washes over tailings piles and contributes to elevated metals concentrations in a dispersed manner reducing concentrations by approximately 60%. In order to meet TMDL load reductions for cadmium in Segment 9b, the cadmium load must be reduced by as little as 6% in November to as much as 51% in March (Table 20). If the load reduction is allocated on an annual basis, the cadmium load would need to be reduced by 9% annually in order to meet the current water quality standards. On a monthly basis, the months of March, May, November, and December would require cadmium load reductions in order to attain the TMDL. The copper load reduction for Segment 9b would require an average loading reduction of approximately 18% in order to meet the TMDL for copper (Table 20). The highest copper load occurred in May, although, this was slightly offset by a higher rate of dilution flow. Monthly copper reductions would be required from February through June in order to meet the TMDL. Load reductions range from 7% in February to as much as 71% in May. No acute exceedances occurred for dissolved copper, therefore no further reductions are proposed. In order to attain the TMDL for zinc, Segment 9b would require an average loading reduction of 8% (Table 21). Contrary to copper, the highest zinc load occurred in March. On a monthly basis, load reductions would be required in the months of February, March, May and December. Load reductions range from as little as 8% in May to 55% in March.
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Table 20: Total Maximum Daily Load for dissolved cadmium for Kerber Creek with a 10% Margin of Safety. TMDL Current Hardness Cu with Current Cd Median CaC03 Cd Std TMDL 10% MOS, LA, WLA, Cd Load Load Month Flow mg/l ug/l lbs/day MOS lbs/day lbs/day lbs/day ug/l lbs/day Reduction Jan 2.0 180 3.2 0.035 0.003 0.031 0.0003 0.031 0.7 0.008 -0.024 Feb* 2.1 152 2.8 0.032 0.003 0.029 0.0003 0.029 2.6 0.029 0.000 Mar 3.2 123 2.4 0.041 0.004 0.037 0.0004 0.037 4.4 0.075 0.038 Apr 9.9 118 2.3 0.124 0.012 0.112 0.0011 0.111 2.0 0.107 -0.004 May 34.5 75 1.6 0.302 0.030 0.272 0.0027 0.269 1.7 0.320 0.049 Jun 20.5 70 1.5 0.170 0.017 0.153 0.0015 0.152 0.8 0.089 -0.065 Jul 6.3 120 2.4 0.080 0.008 0.072 0.0007 0.071 0.5 0.017 -0.055 Aug 4.5 130 2.5 0.060 0.006 0.054 0.0005 0.054 0.4 0.010 -0.044 Sep 3.2 150 2.8 0.048 0.005 0.044 0.0004 0.043 0.0 0.000 -0.044 Oct 3.2 125 2.4 0.042 0.004 0.038 0.0004 0.037 0.0 0.000 -0.038 Nov 2.9 127 2.5 0.038 0.004 0.035 0.0003 0.034 2.3 0.037 0.002 Dec 2.2 123 2.4 0.028 0.003 0.026 0.0003 0.025 3.1 0.037 0.012 *No data were available for this month. Value is an average of the previous and following monthly concentrations.



Percent Load Reduction 0% 0% 51% 0% 15% 0% 0% 0% 0% 0% 6% 31%



Table 20. Total Maximum Daily Load for dissolved cadmium for Kerber Creek, Segment 9b, with a 10% Margin of Safety (loads were calculated using 85th % values). Table 21: Total Maximum Daily Load for dissolved copper for Kerber Creek with a 10% Margin of Safety. TMDL Current Hardness Cu with Current Cu Median CaC03 Cu Std TMDL 10% MOS, LA, WLA, Cu Load Load Month Flow mg/l ug/l lbs/day MOS lbs/day lbs/day lbs/day ug/l lbs/day Reduction Jan 2.0 180 22.1 0.239 0.024 0.215 0.015 0.200 5.0 0.054 -0.185 Feb* 2.1 152 19.0 0.216 0.022 0.194 0.014 0.181 18.5 0.210 -0.006 Mar 3.2 123 15.8 0.273 0.027 0.245 0.017 0.228 32.0 0.553 0.280 Apr 9.9 118 15.2 0.813 0.081 0.732 0.051 0.681 17.2 0.920 0.106 May 34.5 75 10.2 1.893 0.189 1.704 0.119 1.584 31.6 5.887 3.994 Jun 20.5 70 9.6 1.058 0.106 0.952 0.067 0.886 20.0 2.214 1.156 Jul 6.3 120 15.4 0.525 0.052 0.472 0.033 0.439 8.9 0.301 -0.224 Aug 4.5 130 16.6 0.398 0.040 0.358 0.025 0.333 12.0 0.288 -0.110 Sep 3.2 150 18.8 0.325 0.033 0.293 0.020 0.272 5.0 0.086 -0.239 Oct 3.2 125 16.0 0.276 0.028 0.249 0.017 0.231 5.0 0.086 -0.190 Nov 2.9 127 16.2 0.254 0.025 0.229 0.016 0.213 12.4 0.193 -0.061 Dec 2.2 123 15.8 0.187 0.019 0.169 0.012 0.157 11.1 0.132 -0.056 *No data were available for this month. Value is an average of the previous and following monthly concentrations.



Table 21. Total Maximum Daily Load for dissolved copper for Kerber Creek, Segment 9b, with a 10% Margin of Safety (loads were calculated using 85th % values).
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Percent Load Reduction 0% -3% 51% 12% 68% 52% 0% 0% 0% 0% 0% 0%
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Table 22: Total Maximum Daily Load for dissolved zinc for Kerber Creek with a 10% Margin of Safety. TMDL Hardness Zn with Current Current Median CaC03 Zn Std TMDL 10% MOS, LA, WLA, Zn Zn Load Load Month Flow mg/l ug/l lbs/day MOS lbs/day lbs/day lbs/day ug/l lbs/day Reduction Jan 2.0 180 1279.6 13.8 1.4 12.4 0.87 11.6 410.0 4.428 -9.392 Feb* 2.1 152 1114.4 12.6 1.3 11.4 0.80 10.6 1151.5 13.058 0.421 Mar 3.2 123 937.2 16.2 1.6 14.6 1.02 13.6 1893.0 32.711 16.516 Apr 9.9 118 905.9 48.4 4.8 43.6 3.05 40.5 708.0 37.850 -10.580 May 34.5 75 625.3 116.5 11.6 104.8 7.34 97.5 608.5 113.364 -3.135 Jun 20.5 70 591.0 65.4 6.5 58.9 4.12 54.8 270.0 29.889 -35.537 Jul 6.3 120 918.5 31.2 3.1 28.1 1.97 26.2 122.2 4.157 -27.088 Aug 4.5 130 980.6 23.6 2.4 21.2 1.48 19.7 59.0 1.418 -22.146 Sep 3.2 150 1102.4 19.0 1.9 17.1 1.20 15.9 17.0 0.294 -18.755 Oct 3.2 125 949.6 16.4 1.6 14.8 1.03 13.7 75.9 1.311 -15.099 Nov 2.9 127 962.0 15.1 1.5 13.6 0.95 12.6 823.0 12.888 -2.177 Dec 2.2 123 937.2 11.1 1.1 10.0 0.70 9.3 1068.0 12.688 1.554 *No data were available for this month. Value is an average of the previous and following monthly concentrations.



Table 22. Total Maximum Daily Load for dissolved zinc for Kerber Creek, Segment 9b, with a 10% Margin of Safety (loads were calculated using 85th % values).



Cadmium and zinc were removed as listed parameters in Segment 9b from the 303(d) list in 2008 due to attainment of the site-specific chronic and acute cadmium and zinc standards when assessed on an annual basis. There was one acute exceedance for zinc (2400 ug/L) which occurred in Segment 9b on March 15, 2004. However, according to the assessment methodology, one acute exceedance is allowed every three years; therefore the segment is still in attainment of the acute zinc standard.
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Percent Load Reduction 0% 3% 50% 0% -3% 0% 0% 0% 0% 0% 0% 12%
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Figure 6. Map of Kerber Creek and adjacent tailings piles.
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VIII. RESTORATION PLANNING AND IMPLEMENTATION PROCESS The monthly percentages of loading reduction necessary to meet water quality standards for cadmium, copper, lead, and zinc on Kerber Creek, Segments 9a and 9b are listed in Tables 14 through 21. The major source contributing to the elevated level of metals in Kerber Creek is the legacy mining waste discharge from the Bonanza Mining District. A reduction of metals from these non-permitted point sources, however, is necessary to attain current water quality standards in Kerber Creek. Previous Water Quality Improvements in the Watershed Response actions on Kerber Creek have been many and have included: 



Evaluation of mining-related impacts on surface water, groundwater and soils, and evaluation of contaminant pathways and mine hydrology, through sampling and analysis and geologic mapping;







Assessment of stream biology and riparian habitat impacts;







Development of an overall site prioritization for addressing impacts from the areas of concern;







Consolidating and capping of tailings and other metals-bearing and acid-generating mine wastes in an on-site repository;







In-place closure of tailings in areas of difficult access along Kerber Creek;







Design and construction of a concrete plug 2200 feet inside in the primary mine drainage feature, the Rawley 12 adit, including design and construction of a pond for surge control and passive water treatment during the mine adit rehabilitation and plugging and installation of a drying bed to stabilize sludge removed from the surge pond;







Development of a local limestone quarry to supply limestone in various sizes and gradations for repository capping, repository and stream bank erosion protection (boulders and riprap), neutralization of certain waste materials, and reclamation soil amendment;







Implementation of mine infiltration and storm water controls;







Stream channel restoration and stabilization, riparian zone enhancements, and sediment control structures associated with waste material removal and consolidation;







Stream diversions to reduce contact with residual mine wastes;







Upland and riparian area reclamation;







Road and bridge improvements to facilitate response actions and public safety; and







Monitoring of the effectiveness of response actions.
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Specific stream work has included re-establishment of natural meandering channel patterns, channel stabilization with rock barbs, vortex weirs, root wads and willow/alder plantings, and lining of channels to preclude infiltration into mine workings. With the response actions that have been implemented between 1994 and 2003, Kerber Creek has already progressed from supporting virtually no aquatic life over a 10-mile long stretch to primary achievement of the water quality goals. Fish are now present in Kerber Creek below its confluence with Brewery Creek, as well as other areas within the former mining district. Other orphan mine sites continue to be addressed by the USFS and CDPHE. Remediation of the primary contaminant source areas were completed in 2005, and continued improvement in the quality of Kerber Creek and its tributaries is expected through natural recovery.



Figure 7. Photo of Kerber Creek before past restoration projects.



Figure 8. Photo of Kerber Creek after restoration projects.
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Monitoring In order to insure that the TMDL is adequately protective of the segment, and all assigned standards are fully attained, monitoring of Kerber Creek is required. Additional remediation of Kerber Creek and its adjoining tributaries (e.g. Squirrel Creek, Rawley Gulch, etc.) may be required. Remediation objectives continue to be: protection of human health and the environment, achievement of specific long-term water quality goals, and attainment of site specific aquatic life standards in Segment 9b of Kerber Creek. In 2007, remaining tailings piles were identified, characterized and ranked to reflect their hazardous stream potential. The six tailings deposits that received the highest ranking were identified for relocation to an upland area outside of the riparian area. The remaining fifteen tailings deposits were identified for in place reclamation or phytostabilization projects (i.e. rip tailings, mix with organic material, amendments, and seed). 2007 sampling events also identified the need for stream channel stabilization projects along the 17-mile reach from Bonanza to Villa Grove. Current non-point source 319 project proposals included a proposal by the Kerber Creek Restoration Project sponsored by Trout Unlimited to relocate and cap remaining tailings piles. The Kerber Creek Restoration Project is a joint partnership with the Bureau of Land Management, the Natural Resource Conservation Service, the Bonanza Stakeholders Group, Trout Unlimited and local land owners. Mine tailings that have washed down through Kerber Creek continue to contribute metals to the waterway. The proposed project involves tailings removal, in-situ treatment, phytostablilization, revegatation, installation of fish habitat structures, stream bank stabilization, and fencing to keep cattle from the rehabilitated areas. The local Bonanza Stakeholders Group is heavily involved in the project. Its members, along with other local land owners, are contributing over $220,000 in matching in-kind contributions to the project. The ultimate goal is to help Kerber Creek recover such that assigned uses are fully supported. A watershed plan which encompasses a monitoring schedule and timeline for remediation goals is included as part of the 319 proposal.



Conclusion The goal of this TMDL is the attainment of the Water Supply Use based standard for cadmium, lead, and silver within Segment 9a of the mainstem of Kerber Creek from a point immediately above the Cocomongo Mill to the confluence with Brewery Creek. An average loading reduction of approximately 49% is necessary to reach the TMDL of 0.078 lbs/day of cadmium. No loading reduction is required to reach the TMDL for lead, silver, or pH. They were removed from the 303(d) list in 2008 as they demonstrated attainment of their assigned standards. Annual loads from tributaries such as Squirrel Creek and Rawley Gulch would require significant reductions to attain the current acute standards. Low pH waters from such tributaries could contribute to the precipitation of metal oxides when they reach the higher pH waters of mainstem Kerber Creek. The annual load reduction needed to meet the TMDL for Segment 9b, the mainstem of Kerber Creek from just above the confluence with Brewery Creek to the confluence with San Luis Creek, would be 9% for cadmium, 18% for copper, and 8% for zinc. Cadmium and zinc were removed from the 2008 303(d) list since they demonstrated attainment of their site-specific standards.
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Public Involvement There has been a strong public participation in protecting and enhancing the water quality of Kerber Creek and the surrounding watershed. ASARCO and the Bonanza Mining Group have been extensively involved in better understanding the water quality and quantity issues in order to better deal with historic mining impacts. 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, ambient based standards 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. Public involvement was also achieved through collaboration with Steve Sanchez and the Bureau of Land Management. Public participation will continue to promote future restoration of the watershed, as new remediation possibilities are explored. The draft TMDL was presented to stakeholders at a September 28, 2007 public meeting. After incorporation of comments received at this meeting, additional public comment was solicited during a 30-day public notice period from October 1 to October 31. No comments were received during the formal public notice. Comments were, however, subsequently provided by EPA. The EPA comments resulted in substantial revision of the document. Consequently, opportunity for a second round of public review and comment will be provided in April 2008.
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