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Big Bear Lake is a high-value recreational and habitat resource located at 6,000 feet elevation in the San Bernardino Mountains, in the upper Santa Ana River Watershed. Development of a nutrient total maximum daily load (TMDL) for the Lake commenced in 2000, after 305-b water quality assessment data were used to establish a finding of impairment through the State of California’s initial 303-d listings. The TMDL was divided into components according to meteorological conditions. The dry hydrologic condition TMDL was adopted by the SARWQCB in 2006. A TMDL for the wet and / or average hydrologic condition has not been completed yet. Although the human contribution is known to be small compared to background-loads, the exact proportion of "yesterday's load" that can be attributed to human activity in the watershed is as yet undefined; existing numeric models are being refined to address this question. This abstract covers two talks that will describe separately 1) the strategy for managing in-Lake sediment nutrient releases under dry hydrologic conditions and 3) monitoring and management strategies for watershed inputs of sediments and nutrients to the Lake. 
The TMDL for the dry hydrologic condition is premised on the fact that the major nutrient source under dry hydrologic conditions is release from sediments on the lake bottom. The lake, which is generally phosphorous limited, has experienced nuisance algal blooms and spreading of noxious aquatic macrophytes as a result of excess phosphorous loads released from bottom sediments. The release of nutrients from bottom sediments was assigned a Load Allocation (LA), in recognition of the non-point source nature of that source. Wasteload allocations (WLA) in the dry hydrologic TMDL were assigned to regulated stormwater dischargers for their contribution to the existing in-lake inventory of nutrients that results from past discharges above background levels. 

The TMDL implementation plan adopted by the SARWQCB required a watershed monitoring plan, an in-Lake monitoring plan and a plan and schedule to reduce the release of nutrients from in-Lake sediments. Those deliverables were also required by provisions in the recently adopted NPDES permit for urban stormwater re-issued to San Bernadino County in January, 2010. 

The existing program of lake management overseen by the Big Bear Municipal Water District includes stabilizing lake levels; aeration and destratification; management of nuisance aquatic macrophytes; carp removal; and maintenance dredging. Pilot alum addition projects have successfully reduced phosphorous concentrations, but the SARWQCB has expressed concerns over alum addition to the entire Lake. Alternatives to alum, such as Phoslock®, are being evaluated. The existing program dramatically improved conditions of the Lake, resulting in no fish kills since 2004.
Implementation strategies for the Big Bear Lake Nutrient TMDL are being developed by the Big Bear Lake TMDL Task Force, with the contractual support and facilitation of the Santa Ana Watershed Project Authority (SAWPA). Task force members include: 

· United States Department Of Agriculture, Forest Service, San Bernadino National Forest  (Forest Service); 

· California Department Of Transportation (Caltrans); 

· San Bernardino County Flood Control District (Flood Control); 

· City Of Big Bear Lake (City); 

· Big Bear Municipal Water District (BBMWD);

· Big Bear Mountain Resorts (Resorts); 

· The Santa Ana Regional Water Quality Control Board (Regional Board); and

· The Santa Ana Watershed Project Authority (SAWPA)

The Task Force submitted a plan and schedule (Plan) for reduction of nutrient loads from in-lake sediments in April, 2010. The Plan described how pilot management projects, including dredging, aeration, and alum treatment, have improved water quality over the past decade. The Plan also improved upon previous restoration strategies proposed that relied primarily on massive dredging projects to address the in-Lake inventory of nutrient rich sediments.

Two key actions proposed by the Plan are:

· Design, construction and operation of a hypolimnetic oxygenation system (HOS) that would increase bottom dissolved concentrations, "burn off" sediment oxygen demand, and reduce the release of dissolved phosphorous by creating an adsorptive crust of iron manganese oxides on the surface of bottom sediment. This action would address both the LA for nutrient releases attributable to background conditions, and the WLA attributable to human activities that increase the in-Lake nutrient inventory above background.

· Active management of new sediment and nutrient inputs along the lake margins by a combination of silt fencing, flocculants or adsorbents, and strategic, small scale dredging projects. This action would be integrated into existing operations by stormwater dischargers and lake managers to control sources to the extent practicable within permitting, funding, and jurisdictional constraints. This “managing on the margins” strategy potentially would address any new requirements should a wet weather TMDL establish a WLA for wet weather nutrient and sediment inputs to the Lake inputs.

Implementation of those two key actions would be contingent on arriving at satisfactory agreements on cost-sharing for the construction, operations and maintenance of the HOS, and the permissions and cooperative agreements needed for in-Lake operations to manage new nutrient inputs. Another key issue to be resolved is how actions to reduce nutrient releases from the Lake bottom would be credited towards discharger’s WLAs established by the dry hydrologic condition TMDL. 
The SARWQCB also required an assessment of long-term and short-term strategies for controlling watershed inputs of sediments and nutrients. The Task Force prepared a technical memorandum summarizing the existing BMPs employed in the watershed by the Caltrans, the Forest Service, the City, the County, the Resorts and Flood Control. That memorandum described opportunities for improving existing BMPs, expected benefits, and potential costs. Existing operational BMPs include street sweeping, detention basin cleaning, and erosion control. Potential new BMPs evaluated include erosion control and sedimentation devices servicing legacy forest roads, streambank stabilization, and possible location-specific BMPs designed and implemented through stakeholder partnerships.
