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LG Sonic Clear Lake Harmful Algal Bloom Monitoring, Prediction, and Control System 

2023-01-11 

Project Title: Clear Lake Harmful Algal Bloom Monitoring, Prediction, and Control System 

Project Description: 

Summary of the project  

Given Clear Lake’s naturally eutrophic state, rising temperatures associated with climate change present 
managers with increasingly tight tolerances with respect to mitigating harmful algal blooms’ (HABs) 
impacts on lake uses. HABs threats have an environmental justice valence, as key users include Tribal 
Nations, water treatment systems, and residents for recreational use. Also, these treatment plants 
usually cannot intercept cyanotoxins, placing households at risk for exposure. The CDC’s One Health 
approach to HABs also makes it clear that events pose a unified threat to human health as a subset of 
environmental health. 

This proposal is designed to pilot and show the effectiveness of LG Sonic’s MPC-Buoy to control and 
mitigate HAB’s in designated areas of Clear Lake.  Remote sensing studies have indicated that HAB in 
Clear Lake originate from certain hotspot areas within the lake, from where they spread into the rest of 
the water surface. By preventing formation of algae in some of these hotspots, this project aims to 
reduce and mitigate the effect of HABs in Clear Lake. The algal blooms are targeted using specific 
ultrasonic frequencies that control algal growth effectively without negative side effects to the 
environment.  

Background  

The MPC-Buoy system was developed in 2012 by LG Sonic based in the Netherlands.  LG Sonic US is 
based in Pennsylvania and supplies and services all North America. The MPC-Buoy has been deployed of 
50+ countries and in 20+ US States.  The first US install was in 2014 by American Water in New Jersey.  
Since that time, American Water has installed systems at 8 reservoirs in the US, in addition, over 50 
additional systems have been installed in US lakes and reservoirs.  These range from 16 ha [40 ac.] (1 
buoy) to 120+ ha [300+ ac.] (12 buoys) around the US.  Our largest international deployment was in the 
Dominican Republic in a lake/reservoir of 688 ha [1,700 ac.] (46 buoy system). 

The MPC-Buoy is solar powered with no reliance on an outside power source.  This not only creates an 
economical long-term algal control strategy but also flexibility for system modifications if or when 
conditions may change.  Also, an integral part of the MPC-Buoy is its monitoring system.  A critical part 
of the system is monitoring water quality and its system to optimize treatment based on current water 
conditions.  As a secondary benefit, this data will allow local water professionals to track improvement 
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in water quality and algal concentrations. The MPC-Buoy can also be integrated with other water quality 
monitoring options such as real-time phosphorous monitoring, a vertical profiler, and weather stations. 
These ad-ons allow an even more powerful interpretation of the water conditions and better 
optimization of the ultrasonic treatment and are also incorporated in this proposed pilot. 

When a waterbody suffers from algal blooms, managers often seek to reduce phosphate, which is the 
key nutrient that algae and cyanobacteria consume to grow. However, besides phosphate, light is also a 
critical resource for all phytoplankton. The MPC-Buoy uses ultrasonic waves to form a continuous 
pressure cycle around the algal cells. This affects their buoyancy regulation, which does not allow them 
to obtain sufficient buoyancy to remain the area where photosynthetically active radiation is high 
enough for them to bloom. This approach excels because it retains vibrant primary producer 
populations and allows lakes to reach stable chemical equilibria on their own without the shocks 
observed with external chemical treatments. 

Through the implementation of algorithms, LG Sonic uses machine learning to predict environmental 
challenges such as algal blooms. LG Sonic developed and implemented these algorithms, and they 
function at the core of their technology. Users can visualize the data and models through an online 
platform, called the MPC-View. Finally, the systems installed by LG Sonic control algal bloom formation, 
which will be of key importance to safeguard water quality. 

Integrated algorithms effectively adapt ultrasonic programs to the present algae type, while other 
algorithms provide prediction of algal blooms up to 10-days ahead. The algorithms are based on a 
Machine Learning (ML) model that applies deep learning technique known as N-BEATS. Using advanced 
tools for data analysis and artificial intelligence, we can model growth of trends in chlorophyll-a and 
phycocyanin up to 10 days ahead. In addition to using the data from our in-situ sensors, users can 
extrapolate data from remote sensing images to develop predictions over the entire surface of the 
waterbody.  

The MPC-View software visualizes the water quality data. The software provides insight into the water 
quality, algae trends, and the progress of the ultrasonic treatment. Furthermore, the software displays 
technical parameters, such as the status of the ultrasonic transmitters, signal strength, and battery 
strength. Alarms can be set on the MPC-View for certain thresholds on parameters. These same alarms 
will also trigger automatic responses of the system, such as the changes of the ultrasonic treatment for 
algae control, alert an operator, or a prompt staff to collect a laboratory sample. 

Project description  

LG Sonic conducted a remote sensing analysis to determine the areas with the highest chlorophyll-a and 
phycocyanin concentrations within Clear Lake at different times in the year. We calculated the median 
chlorophyll-a (Figure 1) and phycocyanin (Figure 2) concentrations for the combined summers of 2021 
and 2022, shown in the following images. We chose the median as a statistical measure, as it represents 
the most typical conditions on Clear Lake for the selected period. We identified six hotspot areas within 
the lake, labeled 1-6 in Figure 3. Figure 4 illustrates major water users’ adjacency to these hotspots. 

Based on these images we propose installations in at least Area 6 and optional installations in Area 5. 
The proposed monitoring, prediction, and control system will provide managers with data-driven 
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offensive capabilities against HABs. 25-33% of these buoys will have water quality monitoring 
capabilities (Pro units), with the remainder tasked with control only (Lite units). 

Option 1 – Pilot Area 6 

16 MPC-Buoys, anchoring systems, Installation, shipping, Interactive Algae Control, monitoring data 
download/access, solar night lights, parts budget, 10 site service visits, and 3-year project management. 

Remote sensing analysis indicates elevated values for chlorophyll-a and phycocyanin in Area 6. We 
recommend MPC-Buoy deployment here to protect the lake and its variety of uses adjacent to Clearlake, 
CA. This area is also more confined allowing us to demonstrate the effect of the MPC-Buoy systems 
more effectively. 

Option 2 – Pilot Area 6 with Vertical Profiling and Phosphate Monitoring 

18 MPC-Buoys, including all above for Pilot area 6, additional – 2 MPC-Buoys with Vertical profilers, 2 
buoys with phosphate sensors and consumables. 

To really understand why certain problems such as algal blooms occur in lakes and reservoirs, it is 
beneficial to measure the water quality at different depths and in brief time intervals. Although staff 
manually sample at different depths in a water column, the limited interval of sampling (weeks or even 
months) makes it easy to miss peak events that are important for correct interpretation.  

Our vertical profiler can be pre-set to take samples from a wide range of depths within a water body and 
measure key water parameters in real-time. The system transmits data through 4G, radio, or satellite to 
the MPC-View online software. The profiler measures up to a maximum depth of 100 m at 50 cm 
intervals. The vertical profiler monitors in-situ water quality parameters and wet-chemistry parameters. 
Expected outcomes include a better understanding of thermoclines, hypoxic/anoxic zones, and benthic 
bloom dynamics. 

The unique wet chemistry sensor developed by LG Sonic, in collaboration with Dublin City University 
monitors physicochemical parameters in the water that staff conventionally only measured in the 
laboratory. The lab-on-chip technology truly functions as a floating, self-calibration, real-time laboratory 
that can monitor parameters at different depths. The orthophosphate as phosphorus sensor assesses 
the eutrophic status of the lake, identifies release of legacy nutrients from the sediment of the lake, and 
identifies discharge events at the surface of the lake. 

Option 3 – Pilot Areas 5 and 6 with Vertical Profiling and Phosphate Monitoring 

30 MPC-Buoys, inclusive of Area 6 but with 4 buoys with vertical profiler and 4 buoys with phosphate 
sensors. 

Remote sensing analysis also indicates elevated values for chlorophyll-a and phycocyanin in Area 5. We 
also recommend buoy deployment at Area 5 for treatment comparison with Area 6. We expect the 
proposed aeration system in Area 5 to support the metabolism of inactivated cyanobacteria. This will 
provide lake management with the opportunity to evaluate and optimize the use of multiple control 
technologies in Clear Lake. Vertical profiling and nutrient sensing will additionally provide management 
with the ability to adaptively operate the proposed aeration system. 

All 3 options include project management and services for 3 years. 
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After 3 years, buoys are to be maintained by owners.  Services supplied by LG Sonic US, as needed, or 
requested by the owner. 

For budgeting purposes after year 3: 

1) Annual calibration, IAC, and data managements costs - $32,800 
2) 4 Service visits by LG Sonic US – If needed or requested - $48,000 
3) Parts accrual - $30,000 

MPC-Buoy Lifespan is estimated at 12-15 years. 

Clear Lake managers, rightsholders, and stakeholders will determine project success. Nevertheless, 
quality-based limits could include chlorophyll-a of 60 µg/L, phycocyanin of 30 µg/L, and pH of 8.5. 

It is important to note that eutrophic lakes may require multi-year treatment campaigns to attain stable 
and desirable parameter values. It may also be desirable to assess small water treatment system 
finished water’s compliance with federal and state cyanotoxin exposure limits. 

LG Sonic US and approved subcontractors will design and construct the MPC-Buoy system. Trusted third 
parties, including Tribal Nations, SWAMP, and academic partners should manage any required 
monitoring components. Project managers should also coordinate with CEDEN to coordinate data 
archive and access. 

Project Timeline: 

• Month 1-3: Planning and permitting, CEQA, and outreach 

• Month 4-6: Outreach and engagement, project construction, and baseline monitoring 

• Month 7-8: Buoy Installation and deployment                                                                          

• Month 9-12, year 2-3: System run – treatment and monitoring 

• Year 4: Final report preparation 
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Projected Budget: 

Task Option 1 (kUSD) Option 2 (kUSD) Option 3 (kUSD) 
1: Education and 
outreach 

15                                                    15 20 

2: Planning and 
permitting 

20     20 25 

3: MPC-Buoy 
purchase & 
Installation 

843.8  939.2   1,725 

4: Monitoring & 
maintenance 

292.2   567.6 689 

5: Final Reporting 25     25 30 

Overall budget 
request 

1,196   1,566.8   2,489 

  

Contact Information:  

• Greg Eiffert – Director of LG Sonic US 570.677.9554  g.eiffert@lgsonic.com 

• EJ Neafsey, PhD – Chief Water Scientist 860.849.8560 ej.neafsey@lgsonic.com  

 

Additional Information:  

mailto:g.eiffert@lgsonic.com
mailto:ej.neafsey@lgsonic.com
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Figure 1 - Clear Lake - Chlorophyll-a (Median - Summer 2021/2022) 
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Figure 2- Clear Lake - Phycocyanin (Median - Summer 2021/2022) 
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Figure 3 - Clear Lake Bloom Hotspots 
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Figure 4 - Clear Lake Bloom Hotspots and Major Water Users 
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HAB MITIGATION AND NUTRIENT REMOVAL DEMONSTRATION IN LOWER ARM, CLEAR LAKE, 

USING AECOM’S ALGAE HARVESTER TECHNOLOGY 
January 2023 

 

 

Project Sponsor: Central Valley Regional Water Quality Control Board 

Project Participants: 

David Caron, President, Aquatic EcoTechnologies, LLC, 4260 Paul Sweet Road, CA 95065, 310-614-0275, 
dave@aquaticecotechnologies.com 

Daniel J. Levy, P.G., AECOM, Vice President, Environment National Director, Algae, 110 East Broward 
Blvd, Suite 700, Fort Lauderdale, FL 33317, 305-519-1194, dan.levy@aecom.com 

Tammy Karst-Riddoch, AECOM, Senior Aquatic Scientist, Impact Assessment and Permitting, 290-50 
Sportsworld Crossing Road, Kitchener, ON N2P 0A4 (519), Canada, 519650-5313, tammy.karst-
riddoch@aecom.com 

Sarah Ryan, Environmental Director/Emergency Management Director, Big Valley Band of Pomo Indians, 
Environmental Protection Department, 2726Missioin Rancheria Road, Lakeport, CA, 95453, 707-349-
4040,  

Karola Kennedy, Executive Director, Kennedy Environmental, 9730 Lake Street, Lower Lake, CA 95457, 
707-530-5320, k.kennedy.epa.19@gmail.com,  

 

Project Description:  

1. Background 

Clear Lake provides a variety of beneficial uses for recreation, agricultural irrigation, drinking water, and 
habitat for fish and wildlife. Most notably, Clear Lake is particularly important for the California Native 
American Tribes and provides Tribal Beneficial Uses, that include uses of the water that support tribal 
cultural, spiritual, and ceremonial practices and subsistence fishing. Cyanobacteria cause a variety of 
water quality issues for Clear Lake including decreased water quality, increased strain on water 

mailto:k.kennedy.epa.19@gmail.com
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treatment facilities, and the expansion of anoxic events and noxious smells. Clear Lake has also 
experienced massive cyanobacterial harmful algal blooms (cyanoHABs) associated with extreme 
concentrations of cyanotoxins (Mioni et al., 2011; Winder et al., 2010, Smith et al., submitted). Due to 
the adverse impacts to beneficial uses by cyanobacterial harmful algal blooms (cyanoHABs), Clear Lake 
was added to the Clean Water Act Section 303(d) List of Impaired Water Bodies due to nutrient 
impairments that promote cyanoHABs. More recently, Clear Lake has also been listed on the 303(d) list 
due to impairments caused by microcystins (one type of cyanotoxin). 

The Central Valley Regional Water Quality Control Board (CVRWQCB) adopted a control program that 
included a total daily maximum load (TMDL) and Control Program to limit the amount of external 
phosphorus entering the lake (CVRWQCB, 2007; Webber, 2006). The TMDL targeted a phosphorus load 
reduction of 87,100 kg per year, representing a roughly 40% reduction in average annual loading. 
Additionally, the TMDL identified a target chlorophyll a concentration target of 73 μg/L for the lake. To 
date, some dischargers have met the load allocations of the TMDL while others continue to work toward 
the reduced phosphorus load allocations (CVRWQCB, 2021). In more recent years, focus has turned to 
the role of internal loading of nutrients in causing recurrent cyanoHABs in the lake, and exacerbation of 
cyanoHABs due to climate change and drought. One very recent review of the ecology of Clear Lake has 
identified internal loading as the major source of nutrients driving cyanobacterial blooms in the lake 
(Smith et al., submitted) and other recent studies have reported similar results (Framestead et al., 
2020). At the time that the TMDL and Control Program was developed, phosphorus was the primary 
nutrient attributed to controlling cyanobacterial blooms in freshwater systems. Since then, studies have 
showed that nitrogen as well as phosphorus affect cyanobacterial blooms, and both nitrogen and 
phosphorus need to be included in water quality management strategies (Conley et al., 2009; Paerl and 
Otten, 2013; Scott and McCarthy, 2010, Paerl et al., 2018). The CVRWQCB has committed to revision of 
the TMDL and Control Program based on current scientific understandings to address both nitrogen and 
phosphorus inputs. However, addressing the internal nutrient loads in the lake will be challenging since 
TMDLs are a very structured regulatory tool for discharges (i.e. external loads). Therefore, innovative 
technologies and alternative management solutions will need to be identified to address the legacy 
internal nutrients in Clear Lake, such as AECOM’s Algae Harvester technology that specifically targets 
the removal of internal nutrients. 

Due to the extensive cyanoHABs in Clear Lake, two Tribal Nations, the Big Valley Band of Pomo Indians 
and the Elem Indian Colony, developed the Clear Lake Cyanobacteria Monitoring Program (CLCMP: 
https://www.bvrancheria.com/clearlakecyanotoxins) in 2014 which includes water quality parameters 
along with cyanobacterial-specific parameters such as cyanotoxins, phycocyanin, and cyanobacterial 
species identifications. Cyanotoxins were first measured in Clear Lake in 2011 (Mioni et al., 2011) and 
have been routinely detected by the CLCMP since 2014, sometimes at extreme high concentrations. In 
fact, microcystin concentrations exceeded California recreational health thresholds, including the 
highest ‘Danger’ threshold in six of the seven years of data (2014 – 2020) (Smith et al., submitted), and 
this pattern continues to the present. The highest concentrations have occurred in Oaks and Lower 
Arms. These cyanoHABs have been associated with extremely high concentrations of microcystins 
(CLCMP: https://www.bvrancheria.com/clearlakecyanotoxins). Anatoxin-a concentrations have been 
more sporadic than microcystins, in part due to more sporadic analyses conducted for anatoxin-a, but 
positive detections have been reported in approximately half of the years since measurements began, 
with most detections in Oaks and Lower Arms. Anatoxin-a concentrations exceeded the California 

https://www.bvrancheria.com/clearlakecyanotoxins
https://www.bvrancheria.com/clearlakecyanotoxins
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recreational health thresholds (detection of anatoxin-a constitutes a ‘Caution’ level) in most years in 
which anatoxin-a was analyzed. In 2021, anatoxin-a was noted in all three arms of Clear lake with the 
highest values at 35.42 µg/L at Cache Creek, the ouflow of Clear Lake into Yolo County. 

 

2. Project Purpose and Goals 

There are three primary project goals: 

1. A large-scale demonstration will be conducted to showcase the Hydronucleation Flotation 
Technology (HFT) “Algae Harvester” that physically removes algae (including cyanobacteria), 
nutrients and algal toxins from water in Clear lake fro cyanoHABs mitigation. The demonstration 
test (i.e., a ‘pilot study’) will showcase how the HFT “Algae Harvester” can physically and efficiently 
remove algae/cyanobacteria and other suspended solids from the water along with associated 
nutrients and cyanotoxins, and return dramatically clearer water to Clear Lake. The project will 
demonstrate the innovative HFT Algae Harvester system to be an effective and environmentally safe 
management solution to address nutrient and cyanoHAB impairments in Clear Lake, and to 
specifically address the primary driver of toxic cyanobacterial blooms in the lake at this time, 
internal nutrient loads. Information gained from the study will support the development of an 
optimal AECOM algae harvesting treatment plan to mitigate cyanoHABs and reduce internal nutrient 
sources. The pilot demonstration will generate data and information on the removal efficiencies for 
nitrogen, phosphorus, chlorophyll-a, and cyanotoxins (focusing on microcystins, as the major 
concern in the lake at this time) by comparing their concentrations in water flowing into and out of 
the algae harvester. Monitoring for pertinent chemical/physical parameters will also be conducted 
in Clear Lake in the immediate vicinity of the harvester outfall, at various distances around and away 
from the harvester in Lower Arm, and in coordination and collaboration with existing monitoring 
efforts presently being conducted by the Clear Lake Cyanobacteria Monitoring Program (CLCMP) 
throughout the lake and nearby drinking water intakes (in collaboration with Kennedy 
Environmental) in an effort to assess the ability of the harvester’s activities to affect water quality 
around the operation. 

2. Hydrothermal Liquefaction Technology (HTL) will be used to transform algal/cyanobacterial 
biomass removed from lake water by the Algae Harvester into “green”, carbon-neutral biofuel. 
This work will demonstrate the potential to create carbon-neutral biocrude oil and/or biogas from 
the biomass, thus creating a sustainable, closed-loop system that can help reduce greenhouse gas 
emissions and offset treatment costs. 

3. Based on the demonstration, the feasibility of the AECOM system as a long-term implementation 
activity to reduce internal nutrients and address cyanoHABs in Clear Lake will be determined. The 
results of the demonstration will be used to develop a treatment plan and associated costs for 
implementation of a scaled-up HFT algae harvesting system to help meet water quality goals for 
Clear Lake. The scaled-up AECOM system could potentially be included in the Central Valley Water 
Board’s revised Clear Lake Control Program as part of the implementation plan to address HAB 
impairments and work towards reducing internal nutrients in Clear Lake. 
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3. What does ‘success’ look like for this pilot study? 

Success of the demonstration study will be judged by the ability of the HFT AECOM algae harvesting 
treatment to significantly reduce algal biomass, chlorophyll-a, phosphorus, nitrogen, and 
cyanotoxins (microcystins) between in the inflow water (coming from Clear Lake during bloom 
conditions) and outflow water (water exiting the harvester being returned to the lake during normal 
harvester operations) to low levels that would support successful nutrient reduction and cyanoHAB 
mitigation with full scale application of the technology. AECOM will conduct measurements on 
inflow and outflow water for all parameters. Additionally, success will be judged through 
independent monitoring (organized through Aquatic Ecotechnologies, LLC, involving collaboration 
with local Tribes and drinking water purveyors) to determine the impact on water quality in the 
immediate vicinity of the outflow water being returned from the harvester to the lake. Data 
generated through the monitoring effort will be summarized and made available by Aquatic 
Ecotechnologies, and represents a fundamental component of this project that will ensure 
independent corroboration of findings from the study. 

Information on “green” carbon-neutral biofuel produced by HTL will be provided as a potential 
option to reduce waste and offset treatment costs but will not be considered towards the overall 
success of the algae harvesting for removing algal/cyanobacterial biomass and nutrients. 

 

4. Who will conduct the work?  

a. AECOM: Daniel Levy and Tammy Karst-Riddoch (AECOM) will take the lead on all aspects of setup, 
operations, performance and demobilization of the HFT Algae Harvester system and HTL algae to 
biofuel transformation systems. This includes installation of the inflow and outflow systems for the 
harvester, and setup of the curtain system into which the outflow from the harvester will be 
directed. AECOM will also conduct monitoring of all parameters (as detailed below) in the water 
flowing into the harvester and exiting the harvester before the treated water reenters the lake 
(monitoring performed usually daily). Report writing will be conducted in conjunction with Aquatic 
Ecotechnologies, LLC. 

b. Aquatic EcoTechnologies: David Caron (Aquatic Ecotechnologies, LLC; AET) will provide overall 
design and oversight of the project, independent monitoring of parameters (as outlined above and 
detailed below) in the region of the lake from which water is drawn into the harvester, as well as the 
region of the lake receiving water flowing out of the harvester. Occasional sampling/monitoring (7 
times during the pilot study) will be conducted on intake and outflow water, and water nearby the 
location of the harvester, in order to provide cross-checks with AECOM measurements of influent 
and effluent, and improvements of water quality in the lake at various distances from the harvester 
ouflow. In addition, Caron will provide phytoplankton community analysis on inflow water and 
water in the lake nearby the harvester to determine the composition of the community during the 
study performance. He will lead the data summary for all monitoring results, analyses and report 
writing, which will be conducted in conjunction with all parties. 

c. CLCMP and Drinking Water Purveyors: Sarah Ryan (Big Valley Band of Pomo Indians) and Karola 
Kennedy (Kennedy Environmental) will collaborate on monitoring. Ryan will coordinate the efforts 
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of the CLCMP which will be expanded to include monitoring locations in the general vicinity of the 
demonstraton. Kennedy will coordinate monitoring with two of the drinking water conveyors in the 
vicinity of the demonstration. Ryan and Kennedy will participate fully in report writing, led by AET. 

5. Approach and Specifics of Demonstration 

a. AECOM Technology and Demonstration  

AECOM’s innovative HFT algae harvester physically removes suspended algae and other solids along 
with associated nutrients and algal toxins from impacted waterways (see Figure 1). The process begins 
by pumping water from Clear Lake to a collection tank on the land-based harvesting system where the 
algae and other solids are coagulated to form larger particles. The next step is hydronucleation, where 
nanobubbles are used to float the coagulated algae and solids to the surface of the tank forming a “float 
blanket”. A separation step then physically removes the algae by skimming the float blanket from the 
surface of the water to an algae collection tank. Clarified water with low nutrient concentrations is 
discharged back into Clear Lake (as effluent from the algae harvester) and the recovered algae is further 
processed, including dewatering and transformation into renewable products such as biofuel and 
biofertilizer.  

AECOM will conduct a pilot-scale demonstration of the HFT algae harvester at a site located at the 
eastern end of Lower Arm, Clear Lake (a site known for its massive accumulations of cyanobacteria).  
The study will be conducted in the mid-summer to early fall frame, when blooms tend to be highly 
developed. AECOM will mobilize a 1-million gallon per day (MGD) design capacity HFT algae harvester to 
the selected site on Clear Lake along with all the necessary equipment and personnel to conduct the 
research work. Water will be pumped from Clear Lake and piped to the algae harvester for liquid/solid 
separation by HFT. The separated algae will be skimmed to a slurry collection tank, and the clarified 
water (effluent) will be continuously returned to the lake. Algae harvesting will be performed over a 
three-week period (exclusive of one-week setup and one-week breakdown) to evaluate the efficacy of 
the treatment system to remove algae and nutrients. The algae harvester is expected to be capable of 
processing water at a rate of between 500 gallons per minute (GPM) and 700 GPM (1 MGD) and will be 
operated at a flow rate that will optimize performance given the characteristics of the surface water 
quality in the lake and its response to treatment, or as governing permits allow. The HFT-processed 
effluent and algae slurry will be evaluated (i.e., comparison of characteristics before and after 
processing) to determine the nutrient removal efficiencies of the treatment, and to identify potential 
reuse options for the recovered algae. Some of the recovered algae biomass will be tested for biofuel 
transformation using HTL and evaluated as a potential reuse option to reduce waste and treatment 
costs. 

Figure 2 illustrates the proposed site for where and how the HFT algae harvester would be deployed at 
Clear Lake. A turbidity curtain will be installed around the 0.5 acre area between the pier and boat ramp 
to section off a clarified zone into which the treated water will be discharged. The purpose of this 
clarified zone is to more accurately model the lake’s restoration needs and to demonstrate, at a small 
scale, the effectiveness of the HFT visually.  

b. Monitoring 

i. Influent/Effluent Monitoring of the HFT harvester 
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Monitoring of influent (raw water from Clear Lake entering the HFT algae harvester) and effluent 
(treated water before it is discharged back to Clear Lake) will be conducted throughout the project, 
primarily by AECOM. These data will provide a direct test for the success of the HFT algae harvester to 
physically remove total phosphorus, total nitrogen, and microcystins from Clear Lake. Additional 
parameters will also be collected by AECOM to evaluate overall performance of the harvester, and to 
provide information on safety of the operation for workers and the environment (Table 1). The analytes 
include measures of algae, solids, nutrients and algal toxins that will be used to evaluate system removal 
performance. Additional parameters are included to evaluate the quality of the treated water for the 
protection of aquatic life and to assess recovery of coagulant used in the process.  Key analytes will be 
monitored daily during operations and other supporting analytes will be monitored less frequently. 

The HFT algae harvester is also equipped with water quality monitoring sondes to continuously measure 
field parameters in the influent and effluent every 15 minutes during operation. The field parameters 
logged include temperature, pH, turbidity, conductivity, dissolved oxygen, chlorophyll-a (by fluorometry) 
and phycocyanin (by fluorometry). 

Composite grab samples of the recovered algae slurry, dewatering filtrate and dewatered slurry (algae 
cake) will also be analyzed for key analytes listed in Table 1. These data will provide the information 
necessary to characterize the recovered algae biomass for its potential transformation to valued 
products (biofertilizer and biofuel). 

Air monitoring will be conducted to assess potential worker exposure to airborne algal toxins including 
total microcystins/nodularins and endotoxins. The monitoring will be performed at two locations 
(between the shoreline and work area and near the algae harvester and dewatering unit) over two, 
single-day events, once during a non-operational condition and again under operational conditions. 

In addition to the parameters noted above that will be measured by AECOM on the influent and effluent 
of the HFT harvester, AET will provide independent monitoring of the influent and effluent as part of its 
lake monitoring efforts (2 samples, influent and effluent, on 7 dates during the three-week 
demonstration). These samples will provide direct validation of AECOM’s monitoring efforts and allow 
extrapolation and interpretation of AECOM data with the lake monitoring (next section). 

ii. Lake Monitoring 

Lake monitoring will provide information on the degree to which the HFT demonstration impacts water 
quality during the study period in the immediate vicinity of the harvester. It is not anticipated that the 
activity of the HFT will dramatically affect overall lake water quality over the short demonstration 
period of this study, and that will not be considered a test for success. However, sampling in the lake in 
the vicinity of the demonstration study will provide an indication of the potential for the process to have 
an impact on algal biomass, nitrogen, phosphorus and toxins.  The results will inform Goal #3 (estimating 
the feasibility of the AECOM system as a long-term implementation activity to reduce internal nutrients 
and address cyanoHABs in Clear Lake). 

Lake monitoring at specified locations at the eastern reaches of Lower Arm will be conducted by AET on 
seven dates when the harvester is running. Ten sampling sites (including the influent and effluent of the 
harvester, as noted above) will be conducted, at varying distances from the harvester effluent discharge 
into the lake. A hand-held sonde (temperature, conductivity, dissolved oxygen, pH) will be employed to 
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gather chemical/physical parameters at each site, and grab samples will be collected for analysis of total 
phosphorus, total nitrogen, and microcystins (i.e., the same parameters as will be collected by AECOM). 

Another key aspect of this study will be coordination with two important existing monitoring programs 
within Clear Lake that will be sampling throughout the lake during the study period. The AET budget 
includes budget categories to fund additional samples and analyses to be conducted by the CLCMP 
(Ryan) and Kennedy Environmental (Kennedy). The additional CLCMP sampling will focus on those 
regions of Lower Arm that presently have limited sampling coverage (e.g., Konocti Bay), while the 
Kennedy Environmental activities will provide additional (more-frequent) sampling at two nearby 
drinking water intakes in Lower Arm (Konocti and Highland). At least 2 of the 10 samples (per visit) 
collected by AET as part of their monitoring of the lake will be collected at the same sites and times as 
the CLCMP and Kennedy Environmental sampling in order to facilitate direct comparison among the 
groups. The monitoring activities of these two entities will provide an indication of the general status of 
the lake during the study period, and the ability to interpret those lake-wide monitoring effects in 
connection with the work being conducted by AET and AECOM at and near the HTF harvester study site. 
The monitoring data collected by all groups (AECOM, AET, CLCMP and Kennedy Environmental) will be 
integrated and provided in the final report. 

 

Project Timeline: 

The timeline for this project will entail (1) a detailed survey and vetting of the proposed study site at the 
eastern end of Lower Arm (Figure 2), (2) pursuit of necessary permits, clearances and permissions, (3) 
mobilization to and setup at the study site (1 week), (4) performance of the pilot study (3 weeks), (5) 
breakdown and demobilization (1 week), (6) sample analysis, (6) data synthesis, (7) estimation of the 
effectiveness and magnitude of scale-up of the pilot study, and (8) production of the final report. A 
rough outline of the timing of these components is provided here: 

● Year 1: Components 1 and 2.  Scoping (site survey), planning and permitting will constitute 
much of the effort for Year 1.  Also, preparation of the HFT harvester and HTL units, and 
acquisition of materials for the monitoring efforts will be made. 

● Year 2: Components 3-5.  The on-site demonstration project will be conducted in Year 2 and will 
entail the full field effort.  One week transportation and setup of the HFT harvester and HTL 
units, three weeks of performance, and one week of breakdown and transport off-site.  All 
monitoring will be conducted during the study, starting just prior to HFT performance, and 
carrying through until after performance, as noted above. 

● Year 3: Components 6-8:  Analyses of all samples from the AECOM, AET, CLCMP and Kennedy 
Environmental monitoring studies will begin in Year 2 as possible, and completed by early Year 
3.  Synthesis of data, analysis of the effectiveness of the HFT and extrapolation to Clear Lake, 
and report writing will be completed in Year 3.  

 

Projected Budget: The budget is broken into four components according to task (AECOM for provision 
and operation of the HFT and HTL units; Aquatic Ecotechnologies for project planning, lake monitoring, 
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oversight of synthesis and report writing; Clear Lake Cyanobacteria Monitoring Program for expansion of 
their monitoring effort at selected lake sites; Kennedy Environmental for expansion of their monitoring 
effort on two local drinking water intakes. 

 

Overall cost of project:  $1,259,920. 

 

AECOM Budget Information by Task (Levy, Karst-Riddoch): 

Task # Task Subtotal  

1.0 Scoping  $     25,000 

2.0 Site Reconnaissance  $     25,000 

3.0 Permitting  $     25,000 

4.0 Mobilization  $    135,000 

5.0 Setup and Shakedown (1 week)   $    145,000 

6.0 Pilot Test (3 weeks operation)   $    550,000 

7.0 Monitoring  $     37,000 

8.0 Demobilization  $     65,000 

9.0 Reporting  $     50,000 

10.0 Presentation / Media Event  $     25,000 

Total    $  1,082,000 

 
 
Aquatic EcoTechnologies, LLC Budget information (Caron): 

3 planning/scoping trips to Clearlake, CA 
     Hotel (3 nights each @$180/night = $540/trip) 
     Per diem: (4 days each @ $110/day = $440/trip) 
     Travel (380 mi each @ $0.50/mile = $190/trip) 
7 monitoring trips to Clearlake, CA 
     Hotel (1 night each @$180/night = $180/trip) 
     Per diem: (2 days each @ $110/day = $220/trip) 
     Travel (380 mi each @ $0.50/mile = $190/trip) 
Sensor equipment maintenance, calibration, replacement (In-Situ instrument):  $2,500 
Sampling bottles/filters/syringes/chemicals/disposal/other expendables:  $3,500 
Chlorophyll analyses:  10 samples/trip x 7 monitoring trips @$125/sample:  $8,750 
Total N and Total P analyses:  10 samples/trip x 7 monitoring trips @$150/sample:  $10,500 
Phytoplankton composition analysis:  10 samples/trip x 7 monitoring trips @$150/sample:  $10,500 
Toxin analyses (microcystins; anatoxins): $550/sample (2 toxins) x 35 total samples/trip:  $19,250 
Shipping for toxin analyses:  $90/trip x 7 monitoring trips:  $630 total cost 
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Senior Personnel Costs (@325/hr): 
     Site scoping and planning trips:  9 days, 6 hrs/day: $17,350 
     Monitoring trips: 1 day/trip (6 hrs), 7 trips:  $13,650 
     Data summary, analysis, report writing: 5 days, 6 hrs/day:  $9,750 
     Scoping analyses of extrapolation of pilot study to whole lake: 2 days, 6 hrs/day:  $3,900 
     Total Senior Personnel cost: $54,650 
Total AET cost = $117,920 
 

Clear Lake Cyanobacteria Monitoring Program (Ryan): 
Supplementation to existing sampling program with additional locations in Lower Arm, with the 
collection of parameters and information duplicating those presently collected by the CLCMP:  $30,000. 

 

Kennedy Environmental (Kennedy):  

Supplementation to existing sampling program in conjunction with two local drinking water intakes, 
with the collection of parameters and information duplicating those presently collected:  $30,000. 

 

Cost Sharing Information: 

● Leveraging with Tribal Programs  

● Contributions from Central Valley Water Board 

Contact Information:  

David Caron, Aquatic EcoTechnologies, LLC, 4260 Paul Sweet Road, CA 95065, (301) 614-0275, 
dave@aquaticecotechnologies.com 

 

 

 

 

 

 

 

 

 

 

mailto:dave@aquaticecotechnologies.com
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Figure 1. Illustration of the algae/cyanobacteria harvesting process. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Proposed location and illustration algae harvester deployment.  
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Table 1. List of monitoring analytes for each matrix.  

Analyte Method Frequency 

Algae Harvesting Influent and Effluent 

Alkalinity, Total (as CaCO3) SM 2320B Weekly (3 events) 

Daily (15 events) 

Aluminum, Total and Dissolved EPA 200.7 

Carbon, Organic, Total and Dissolved - optional SM 5310B 

Chlorophyll-a, Total and Corrected for Pheophytin SM 10200 

Nitrogen, Kjeldahl, Total  EPA 351.2 

Nitrogen, Nitrite plus Nitrate EPA 353.2 

Phosphorus, Total  EPA 365.3 

Solids, Suspended SM 2540D 

Total Microcystins/Nodularins  Ohio EPA DES 701.0 v. 2.3 

Whole Effluent Toxicity, Acute (effluent only) (1) EPA-821-R-02-012, EPA 821-B-00-004 1 event 

Whole Effluent Toxicity, Chronic (2) EPA-821-R-02-013, EPA 821-B-00-004 2 events 

Algae Slurry 

Moisture ASTM D7582  Weekly (3 events) 

Solids, Volatile  SM 2540 G 

Solids, Total  SM 2540 G 

Aluminum EPA 3052/6010C 

Total Microcystins/Nodularins Ohio EPA DES 701.0 v. 2.3 

Dewatering Filtrate 

Total Microcystins/Nodularins  Ohio EPA DES 701.0 v. 2.3 Biweekly (6 events) 

Dewatered Algae Cake 

Moisture  D7582 Automated TGA System Weekly (3 events) 

Aluminum  EPA 3052/6010C 

CHNOPS (3)  ASTM D5373/D5291/D1552 

Fuel, Proximate (4)   

Total Microcystins/Nodularins  Ohio EPA DES 701.0 v. 2.3 

Notes: 
(1) performed using Ceriodaphnia dubia and Pimphales promelas, or other test organisms as may be required by permits; (2) performed using 

Ceriodaphnia dubia, or other test organisms as may be required by permits; (3) CHNOPS = carbon, hydrogen, nitrogen, oxygen, phosphorus, 
and sulfur; (4) Proximate = ash, fixed carbon, moisture, volatile solids, and sulfur 
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Clear Lake Blue Ribbon Committee 

January 18th, 2023 

Project Title: Early Warning System to Forecast Harmful Algal Blooms (HABs) in Clear Lake, CA 
Project Description  

a) Background 
Harmful algal blooms (HABs) caused by cyanobacteria are posing a health threat to humans, domestic 
animals, and wildlife at Clear Lake. They also compromise important cultural activities by tribal nations. 
Lake County Department of Environmental Health and Public Health and water purveyors around the lake 
have been facing challenges due to HABs for decades. These include the provision of safe drinking water 
and the high costs associated with treating lake water during HABs.  
State, local and tribal organizations currently monitor the status of HABs at Clear Lake: 
- Big Valley Band of Pomo Indians has been actively monitoring shorelines for HABs and cyanotoxins 

since 2014. During the warm season, with a frequency ranging from biweekly to monthly, they sample 
approximately 20 locations and provide public outreach about the harmful effects of cyanotoxins. 
TERC also samples six offshore locations every 6 weeks and water is tested for cyanotoxins by Big 
Valley Rancheria staff. Multiple platforms are making this information publicly available, such as the 
official Big Valley Rancheria cyanotoxins website and the Clear Lake Water Quality Portal. 

- After the large HAB blooms in 2020, a collaborative project titled the “California Water: Assessment 
of Toxins for Community Health project (Cal-WATCH)” has placed particular emphasis on monitoring 
contaminated private drinking water wells around Clear Lake. Participants include the Public Health 
Institute (PHI), PHI’s Tracking California, Big Valley Band of Pomo Indians, the California Environmental 
Protection Agency’s Office of Environmental Health Hazard Assessment (OEHHA), and the State Water 
Resources Control Board’s Division of Drinking Water. A summary of the results from the first year of 
this project reveals the need to continue the efforts.  

The current data and outreach provided by these organizations are key for lake residents, but they do not 
provide a forecast or “early warning” of evolving HABs conditions on the lake. While long-term solutions 
are still in the early research phase (e.g., Hypolimnetic Oxygenation Pilot Project in the Oaks Arm), it is 
possible to leverage past BRC investments in lake modeling to provide a 7-day forecast of HAB locations 
in Clear Lake to agencies, Tribes, water purveyors and the public. Such an early warning system allows all 
impacted groups to better prepare (as one would for an incoming storm), and it makes evident those 
areas of the lake that will not be impacted and are therefore safe for a broad range of activities. 

b) Purpose 
The project’s goal is to create a forecast early warning system for HABs in Clear Lake. Such a system would 
provide Tribes, water purveyors, agencies, and the public with a lead time in responding to episodic HABs 
events, and help to understand the drivers of HABs in the lake to prevent their occurrence in the future, 
hence, improving the health of Clear Lake. The forecast lake conditions will use current lake conditions, 
which provides a tool to evaluate the attainment of desired goals as management actions take place. 
The early warning system would comprise a one-dimensional model to provide an initial risk index and a 
three-dimensional lake model to forecast HAB location for the coming seven days. Both will be “driven” 

https://www.bvrancheria.com/clearlakecyanotoxins
https://www.facebook.com/ClearLakeWaterQuality/
https://trackingcalifornia.org/calwatch/calwatch-project
https://www.phi.org/press/harmful-toxins-from-algal-bloom-are-contaminating-drinking-water-according-to-a-new-study-in-clear-lake-ca/?fbclid=IwAR0806nyNWQlvH5P17NeexwR6h6z129tpffr1qqhaGWnG0r3LaRANBLYueU
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by a combination of measured meteorological data (from TERC’s Clear Lake network) and National 
Weather Service (NWS) forecast meteorological data. Daily remote sensing data, available through the 
San Francisco Estuary Institute (SFEI) HABs tool (currently being upgraded and improved by our graduate 
student Samantha Sharp), will provide initial conditions over the entire lake (Fig. 1). Model forecasts of 
HAB location will be validated with the in-situ data from the cyanotoxins program of Big Valley Rancheria 
and Cal-WATCH and limited additional lake sensing described below, thereby ensuring a cycle of forecast 
improvement over time. Seven-day lake forecasts will be published daily on a public website, similar to 
the “Lake Erie Bloom Position Forecast” tool developed by the National Center for Coastal Ocean Science 
(NOAA).  

c) Project tasks 

Task 1: Forecast modeling 
The Forecast modeling comprises (1) a one-dimensional model giving a “risk index” of HABs at Clear Lake 
and (2) a three-dimensional model to predict the exact location of the HABs.  

A) Risk Index 
- UC Davis will develop a statistical index to predict the onset and extent of periods with low dissolved 

oxygen levels in the lake as a whole.  These episodes have been closely correlated to HABs at Clear 
Lake.  

- To make daily evaluations of the risk index, measured and forecast meteorological data and lake 
surface and bottom water temperatures are needed. Real-time meteorological data are available 
from TERC’s network at Clear Lake. Real-time lake surface temperature and dissolved oxygen at Clear 
Lake Oaks (CLO) and Riviera West are available through Big Valley Rancheria WQData website. Hence, 
we will benefit from the data collected through past investments. The lake bed measurement depth 
depends on the depth of the intake at the CLO water treatment plant (~3 m). Hence, this project needs 
to acquire real-time deep temperature and dissolved oxygen (> 10 m) from at least one additional 
site.  

B) Spatial distribution of HABs 
- Our three-dimensional lake model for Clear Lake can readily be adapted to provide forecasts of the 

spatial distribution of the lake conditions. A similar tool has been developed by TERC researchers at 
Lake Tahoe for lake temperature, surface currents, and wave height (see Lake Tahoe Model Lake 
Conditions).  

- The developed model will utilize (a) a 7-day National Weather Service meteorological forecast to 
“drive” the model, and (b) remote sensing products for the initial spatial distribution of algae. 

- The model will provide a forecasted spatial distribution of the bloom every 3 hours for each of the 
next 7 days. The result would be similar to the “Lake Erie Bloom Position Forecast” produced by the 
National Center for Coastal Ocean Science (NCCOS) for Lake Erie (Fig. 2).  

Task 2: In-lake data sampling for model calibration and validation. Building local capacity 

- We would collaborate with local entities who do HAB sampling and use that data to calibrate and 
validate model predictions. This includes shoreline monitoring by Big Valley Rancheria, Cal-WATCH, 
intake water monitoring by water purveyors, and TERC’s continuing water quality and algal sampling 
in all three Arms of the lake. Two funded internships will be created to allow tribal members to 
participate in that field work and develop new skills.  

- We propose the use of real-time autonomous low-cost in-lake systems for the validation of HAB 
detection. Big Valley Rancheria has two real-time surface sensors to measure chlorophyll-a at CLO and 
West Riviera. TERC has been developing compact, low-cost ultraviolet-LED optical sensors (with 

https://www.weather.gov/
https://www.weather.gov/
https://fhab.sfei.org/
https://coastalscience.noaa.gov/science-areas/stressor-impacts-mitigation/hab-forecasts/lake-erie/bloom-position-forecast/
https://www.wqdatalive.com/
https://tahoe.ucdavis.edu/modeled-conditions
https://tahoe.ucdavis.edu/modeled-conditions
https://www.weather.gov/mtr/
https://coastalscience.noaa.gov/research/stressor-impacts-mitigation/hab-forecasts/lake-erie/bloom-position-forecast/
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funding from the Bureau of Reclamation) for in situ detection of HABs using UV fluorescence coupled 
with spectrophotometric detection. This allows for a wide detection of fluorescence within a compact 
and inexpensive package. We are planning to install a minimum of six sensors across the lake (two on 
each Arm) and we will use advice from tribal members to select the best locations for their 
deployment. 

Task 3: Display the results of the Early Warning System for HABs. Community benefits 

- The daily forecasts and measured lake data will be publicly available through the UC Davis Clear Lake 
Restoration website. Tribal members, public health agencies, and water purveyors will be a part of a 
working group established to design the public-facing part of the forecasting tool to ensure that it 
meets all community needs. 

- Predicting HABs will allow water purveyors to be fully prepared for treatment changes. This will save 
money and improve water quality. As well as providing forecasts of specific areas impacted by HABs, 
the forecast will indicate areas not impacted, thus informing the public of where they can have safe 
access to huge parts of the lake and shoreline. This helps us move away from the notion that “all of 
Clear Lake” is impacted by a HAB. 

- Once completed, the software product can be very inexpensively maintained in the future. 

 
Project Timeline 
Year 1:  

- Public Engagement 
- Refinement of the one-dimensional model to predict the onset of HABs (risk index)  
- Develop three-dimensional model predictions of HAB location 
- Develop website  
- Installation of low-cost network sensors to provide real-time information for the model  

Year 2: 
- Continue with tasks started in Year 1 
- Validate numerical model results with conventional HABs sampling by Tribes and Water 

Purveyors, and low-cost real-time sensors 
- Fine-tune and adapt models 
- Final report 

 
Projected Budget  

Task  Year 1 Year 2 Total 
Forecasting modeling  $         100,000   $    100,000   $     200,000  
In-lake sampling  $            60,000     $       60,000  
Outreach and Engagement  $            20,000   $      20,000   $       40,000  
TOTAL  $         180,000   $    120,000   $     300,000  

 
 
 
 
 
 

https://clearlakerehabilitation.ucdavis.edu/
https://clearlakerehabilitation.ucdavis.edu/
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Figures 

 
Fig 1. Conceptual diagram of proposed Early Warning System for HABs at Clear Lake 

 

 
Fig. 2. National Center for Coastal Ocean Science screenshot of the ‘Bloom Position Forecast’ system at Lake Erie  

Contact Information  

• County of Lake, Health Services & Public Health 
- Craig Wetherbee, Director of Environmental Health, craig.wetherbee@lakecountyca.gov 
- Jonathan Portney, Director of Public Health, jonathan.portney@lakecountyca.gov 
- Dwight Coddington, Public Health Information Officer, dwight.coddington@lakecountyca.gov 

• Water Resources Department Lake County (WRD-LC) 
- Angela DePalma-Dow, angela.depalma-dow@lakecountyca.gov 

• Sarah Ryan, Big Valley Rancheria, sryan@big-valley.net 
- Unfortunately, we have not received feedback from BVR group on this proposal. Given all the work on HABs conducted 

by this team, we are hoping to connect and discuss this proposal together very soon. 
• Water Purveyors  

- Lisa Miller – Water quality engineer with Golden State Water Company, lisa.miller@gswater.com 
- Mary Benson – Supervising Water treatment operation in Jago Bay, mary.benson.ca@gmail.com 
- Will Rae - Buckingham Park Water District, operations@buckinghamparkwater.us 

• UC Davis, TERC Team 
- Geoff Schladow, gschladow@ucdavis.edu, Alexander Forrest, alforrest@ucdavis.edu, Steven Sadro, 

ssadro@ucdavis.edu, Alicia Cortes, alicortes@ucdavis.edu 

mailto:craig.wetherbee@lakecountyca.gov
mailto:jonathan.portney@lakecountyca.gov
mailto:sryan@big-valley.net
mailto:gschladow@ucdavis.edu
mailto:alforrest@ucdavis.edu
mailto:ssadro@ucdavis.edu
mailto:alicortes@ucdavis.edu
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Clear Lake Blue Ribbon Committee 

PROJECT TITLE 

January 18, 2023 

Project Title: Collecting data at high temporal and spatial resolution to 
support HABs management actions and monitoring in Clear Lake 
 

Project Description  
Clear Lake, the oldest and largest natural lake situated entirely in California, has been plagued 
by HABs since the 1970s. Due to years of decreasing water quality, in 2017 the California 
legislature created a Blue Ribbon Committee (BRC) to identify and address HABs drivers in Clear 
Lake. One management action, a hypolimnetic oxygenation system (HOS) is scheduled for 2024, 
providing a unique opportunity to collect data before and after the action and evaluate the 
impact of the HOS on HABs. 
 
Modeling and monitoring are major priorities for the BRC and tribes surrounding Clear Lake. We 
will collaborate with the BRC to provide data to improve calibration of their biogeochemical 
model for Clear Lake, measure the effects of the HOS, and improve remote sensing tools for 
monitoring HABs. 
 
There are 4 project goals: 1) Collect water quality, nutrient, and phytoplankton data to inform, 
validate, and improve the UC Davis biogeochemical model in Clear Lake and increase 
understanding of HABs drivers; 2) Collect biogeochemical data to evaluate impact of HOS 
system on water quality; 3) Improve the accuracy of novel genus-level remote sensing 
algorithms for Clear Lake; 4) Improve the effectiveness of lower-cost molecular monitoring 
methods for tribes around Clear Lake. These goals will improve biogeochemical models to 
understand HABs driver, help evaluate a management action, and technically improve 
monitoring methods to reduce costs for HABs monitoring.  
 
Task 1: Sonde deployments 
Continuous monitoring stations in Clear Lake are mostly limited to dissolved oxygen and 
temperature; only one station collects continuous chlorophyll data. We will add two sondes to 
existing UC Davis stations in the Oaks Arm of Clear Lake to enable the incorporation of 
chlorophyll dynamics into the UC Davis biogeochemical model.  
 

https://resources.ca.gov/Initiatives/Blue-Ribbon-Committee-for-the-Rehabilitation-of-Clear-Lake
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Tasks 2 and 3: Boat based mapping and hyperspectral validation 
High resolution boat-based water quality mapping will be used to understand spatial variation 
of nutrients and chlorophyll before (year 1) and after (year 2) of the HOS installation in the Oaks 
Arm of Clear Lake. We will collect data on approximately 3 days in each year. During mapping, 
we will also collect boat-based hyperspectral imagery. Legleiter et al. (2022)1 developed the 
SMASH algorithm to use imagery to resolve different genera causing HABs. We will use these 
boat-based hyperspectral data and hyperspectral data from the DESIS camera on the 
International Space Station to implement and refine the SMASH algorithm to improve detection 
and tracking of blooms.  
 
Task 4: Molecular and chemical cyanotoxin monitoring methods 
Molecular monitoring methods (qPCR) are cheaper than chemical tests (ELISA) for cyanotoxins. 
Molecular methods, however, only evaluate the potential for toxin production, therefore a 
correlation needs to be developed with chemical cyanotoxin measurements. We will compare 
the relationship between molecular qPCR and ELISA cyanotoxin analyses. This will provide 
information about the utility of molecular methods in Clear Lake and potentially afford a more 
economical method for Tribal and Lake County staff to monitor for cyanotoxins. 
 
Project success and deliverables 
1) We will deliver a continuous chlorophyll and phycocyanin dataset from the fixed stations to 
UC Davis, which will be used to model HABs with the UC Davis biogeochemical model.  
 
2) We will deliver a report on the impact of the HOS on the spatial variability of nutrients and 
chlorophyll, which will be used to evaluate the effectiveness of HOS in reducing HABs. 
 
3) We will deliver a report that applies the hyperspectral SMASH algorithm and evaluates 
algorithm performance. This will help refine the SMASH algorithm and advance the use of 
remote sensing monitoring in Clear Lake.  
 
4) We will deliver a report comparing microcystin concentrations measured by ELISA with 
microcystin biosynthesis gene abundance measured by qPCR. This will be used by cooperators 
to establish qPCR thresholds to trigger ELISA monitoring. The qPCR method is cheaper than 
ELISA and would help the cooperators establish a cost-effective, tiered monitoring approach for 
cyanotoxins.   

 
1 Legleiter, C. J., King, T. V., Carpenter, K. D., Hall, N. C., Mumford, A. C., Slonecker, T., et al. (2022). Spectral mixture 

analysis for surveillance of harmful algal blooms (SMASH): A field-, laboratory-, and satellite-based approach to 
identifying cyanobacteria genera from remotely sensed data. Remote Sensing of Environment 279, 113089. doi: 
10.1016/j.rse.2022.113089. 
 

https://doi.org/10.1016/j.rse.2022.113089
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Project Timeline: 
October 1, 2023 – September 30, 2026 

• Year 1 (2023-2024): Data collection 

• Year (2024-2025): Data collection and data analysis 

• Year (2025-2026): Data analysis and report writing 

Projected Budget:  
Project Budget: $450,000 

• USGS contribution: $350,000 

• Clear Lake Blue Ribbon contribution: $100,000 

Approximate budget by task:  

• Task 1 – Sonde deployments: $175,000 

• Task 2 – Boat based mapping: $150,000 

• Task 3 – Hyperspectral validation: $75,000 

• Task 4 – Cyanotoxin validation: $50,000 

Contact Information:  
• Joe Domagalski, U.S. Geological Survey, California Water Science Center,  

joed@usgs.gov  

Additional Information:  
• Letters of support below 

mailto:joed@usgs.gov
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Clear Lake Blue Ribbon Committee 

1/18/2023 

Clear Lake Watershed Communities Program 
a community-based resilience and development model, mobilizing existing community 

resources in a comprehensive effort to build local environmental health, economic 
development and social cohesion to benefit Clear Lake 

The Clear Lake Watershed Communities Program is based on understanding how environmental 
health, in this case the basic ecological integrity of Clear Lake, is inextricably bound up with the 
lives of the people who live in the Clear Lake watershed. In fact, this has always been the case, 
stretching back the twenty thousand years that people have made the Clear Lake basin home. 
The Clear Lake Watershed Communities program will build local community capacity to 
participate effectively in rehabilitation goals for Clear Lake by aligning community priorities 
with those rehabilitation goals, and drawing community residents into active cooperation with 
that rehabilitation process. 

A central commitment and orientation of the Program is to build core functional partnerships 
with local tribes, recognizing that rehabilitation of the Lake requires their active participation 
and guidance. 

The Program is based on a rigorous social science model of community capacity building, and 
follows recent successes in the Cobb Mt. community, location of the headwaters for several 
principal creeks that feed Clear Lake. In the aftermath of the catastrophic 2015 Valley Fire, the 
Cobb Mt. community undertook a comprehensive examination of its situation, funded by a 
grant from the Federal Home Loan Bank of San Francisco, and initiated a series of self-organized 
programs to address the community’s continuing resilience and development challenges. 

The resulting “Cobb Mt. Strategy” is built on a whole systems analysis of the community that 
addresses seven related community asset classes, or “community capitals”. Since this analysis 
grew out of the ecological disaster of the 2015 fire, prominence was naturally given to the eco 
restoration of the area. The analysis yielded an ongoing effective community action process and 
a collection of community priorities including establishing the present “Cobb Mt. Watershed 
Education and Restoration” program. This watershed program has been developed by the 
Seigler Springs Community Redevelopment Association (SSCRA) in close partnership with the 
Big Valley Band of Pomo Indians, with initial funding from the Blue Ribbon Committee for the 

https://sscra.org/?page_id=8351
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Rehabilitation of Clear Lake. Other core partners in this project are the Cobb Area Council 
Forest Stewardship Committee, the Tribal Ecosystem Restoration Alliance (TERA), Flow West, 
and Dr. Jeanine Pfeifer. Additional funding for this project has been awarded as part of PG&E’s 
“Nature Positive Innovations” program.  

Following the Cobb Mt. model of self-organizing, planning and long term sustainability, the 
present Program will be an intensive, two-year organizing effort in another Clear Lake 
Shoreline/Watershed community.  The first year will involve two sets of activities. The first is a 
year-long in-depth  community asset mapping exercise to articulate and activate a detailed 
picture of the many existing forces at play in the community – economic, social, cultural, 
environmental, and political, that directly affect the Lake watershed. It will also involve detailed 
data gathering on the state of the local infrastructure and the health and welfare of community 
members and establishing a comprehensive whole systems picture of the living relationship 
between the Lake, the watershed, the local economy, the local culture and the current built 
infrastructure.  

The project scope and budget includes support for participation by the Lake County Community 
Development and Water Resources Departments, which are envisioned to have important roles 
to play at key points in the program. 

Simultaneous with the first year’s data gathering and asset mapping exercises, the project team 
will work with government and community leaders to build out an effective community dialog 
process or Community Forum. This project forum will build on existing organizations, and 
include training in effective meeting dynamics, outreach, and hands-on coaching while building 
in buy-in to ensure that all elements that make up the community are able to participate in the 
present and also continue to work well together beyond the grant performance period.  

In the second year, the Program will use the Community Forum to build a dynamic relationship 
between projects to improve the Lake’s natural environment and the community's 
development objectives over the coming decade. We hope that key partners in this aspect of 
the project will be tribal environmental directors, Tribal Historic Preservation Officers (THPO’s) 
and other tribal leadership. As has been discovered with the Cobb Mt. program, the integration 
of traditional ecological knowledge, indigenous science and the indigenous vision of the land 
and waters, must form part of the necessary foundation for the success of the Lake’s future. 
Building beneficial partnerships among tribal members and local land owners as co-managers of 
the watershed will be a core objective of the program so that the land, waters, vegetation, air, 
and peoples all benefit.  

Contemporary social science recognizes that communities operate as “complex adaptive 
systems.” Thus, building effective long-term positive community participation in the 
rehabilitation of Clear Lake will require the kind of community capacity building outlined in this 
program. We anticipate that the Clear Lake Community Watershed Stewardship Program will 
provide communities throughout the watershed with a model of how to define a range of 
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specific projects and activities that will synchronize economic and human development with the 
best environmental management practices – while building comprehensive community 
solidarity and prosperity.  

Project Timeline: 

Year One - Cultivate basic community collaboration infrastructure - fundamental capacity 
building and local comprehensive data collection 

1. 10 local Focus groups, with Consensual Qualitative Research (CQR) Analysis  
2. 40 key community member interviews, with CQR Analysis  
3. 3 Town meetings 
4. Additional coordinated community outreach including Website, Local news app and 

Social Media including monitoring, maintenance and reporting 
5. Data development 

Year Two - year 1 activities 3 (2 additional Town meetings), 4, and 5 continue  
6. Training local community in effective group process 
7. Area plan review 
8. Community Strategy development, including creating consensus on priority actions, 

funding plans, and work plan responsibilities  
9. Final Report, evaluation 

 

Projected Budget: Note that additional funding partners are also being cultivated.   

Overall 2-year budget request: $569,687 

Task Year 1 Year 2 

1. Focus groups $36,525 $21,500 

2. Interviews $33,700 $14,500 

3. Town meetings $28,320 $15,460 

4. Additional coordinated 
community outreach 

$12,600 $10,100 

5. Data development $56,400 $44,400 

6. Group Process 
training 

 $76,225 

7. Area plan review  $80,000 

8. Community Strategy 
development 

 $40,900 
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9. Final Report, 
evaluation 

 $16,000 

10. Project Admin. $30,163 $52,894 

TOTAL $197,708 $371,979 

 

Contact Information:  

Eliot Hurwitz, Director, Seigler Springs Community Redevelopment Association SSCRA 

Elioth@sscra.org 

 www.sscra.org 

SSCRA is a local 501(c)3 public benefit corporation established in 2015 in the aftermath of the 
Valley Fire. Principals bring decades of experience in government, strategic planning, 
community organizing and nonprofit operations. SSCRA has played a central role in the 
regeneration of the Cobb Mountain community and been active countywide in fire issues, 
especially as related to community capacity building, and facilitating collaborative efforts. 
SSCRA has managed grants from the American Red Cross, CAL FIRE, the Federal Home Loan 
Bank of San Francisco, the Neighborhood Development Collaborative, The Fire Adapted 
Communities Learning Network, Coalitions and Collaboratives Inc., and PG&E, as well as the 
Blue Ribbon Committee. 

 

  

mailto:Elioth@sscra.org
http://www.sscra.org/
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Clear Lake Blue Ribbon Committee 

Revitalization and Restoration Planning & Design for the Clear Lake Keys 
JANUARY 17, 2023 

Project Description: The Clear Lake Keys Subdivision (hereafter "the Keys") is located on the southeast shore 
of Clear Lake, approximately 100 miles north of San Francisco (Figures 1 & 2). The Clear Lake Keys Property 
Owner's Association (POA) was organized in 1989 and currently involves all 942 property owners in the Keys. 
The original intent of the POA was to control what was emerging as the leading threats to the ecological 
health and quality of life of the Keys: invasion by non-native Creeping Water Primrose (Ludwigia peploides), 
and sedimentation of the Keys channels due to upstream land uses that did not implement proper sediment 
control measures (Figure 3). These changes largely destroyed the ecology of Schindler Creek, reducing the 
cover of native riparian vegetation, and eliminating spawning habitat for Clear Lake Hitch (Lavinia exilicauda 
chi), a species of critical importance to local Native American Tribes and a candidate species for listing under 
the Endangered Species Act. 
 
Despite numerous attempts over the last 30 years, a coordinated response to the Ludwigia and sedimentation 
problem has remained elusive due to the complexity of permitting across multiple government agencies, 
budgetary constraints, and personnel turnover and burnout. The social and economic impact has affected the 
Keys by decreased property values and tax revenue, loss of recreation and boating access, elimination of fish 
and wildlife habitat, decreased tourism, increased health problems, and decreased overall quality of life. The 
results of this degradation are also clearly visible from CA-20, creating a well-known eyesore to everyone 
driving by. Tragically, Clear Lake Hitch also no longer spawn in Schindler Creek. 
 
In addition to restoring Schindler Creek, we found evidence that approximately 0.5 mile of historic 
streamchannel has been diverted onto the Keys boat ramp (Figures 4 & 5) likely due to CalTrans highway 
maintenance, that appears to have eliminated wetlands and wildlife habitat in the area southeast of the Keys 
known as the Shannon Ranch (Figure 6), an area of historic importance to the local Elem Indian Colony. The 
concrete drainage ditch along CA-20 currently empties into a dirt channel that is discharging sediment into the 
Keys without the benefit of an armored spillway, culvert, or any kind of outfall structure (Figure 5). By 
restoring the natural route of this watercourse we can eliminate this source of sediment to the Keys, and 
restore Elem Indian Colony ancestral wildlife, hunting, foraging and fishing grounds. 
 
Finally, by removing Ludwigia and improving circulation, this project will address the stagnant water that was 
identified by Lake County Vector Control District as mosquito breeding habitat. Five cases of West Nile Virus 
were detected in September 2022, and due to an abundance of primrose and algae, boats were unable to 
enter into the Keys channels to effectively spray for mosquitoes during 2022. 
 
We now have a rare opportunity to combine Ludwigia control with sediment removal, restoration of habitat 
for Clear Lake Hitch and game fish such as bass and crappie, elimination of breeding habitat for vectors of 
West Nile Virus, improvement of recreational values for residents of the Keys, and reestablishment of 
previously eliminated wetlands and watercourses back onto historic Elem Indian Colony lands. The proposed 
project will occur in four phases over five years. The project will increase the quantity and quality of wetland 
habitat and open water along 5.2 miles of channels within the Keys, plus 1.2 miles of State-owned and County-
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entrusted channel within the Keys, affecting 942 property owners. This project will also recreate 0.5 miles of 
streamchannel and approximately 20 acres of wetland and wildlife habitat on the Shannon Ranch. 
 
Phase I: Ludwigia Control, Engineering Planning, Hydraulic Modeling, Grant Writing, Permitting (Years 1-2): 
This phase will remove Ludwigia from all physical channels in the Keys as well as Schindler Creek. Numerous 
control methods for Ludwigia have been used successfully including manual removal and herbicide 
treatments. An Invasive Species Removal & Monitoring Plan will be prepared that will incorporate best 
practices from restoration practitioners working in the region that have experience with Ludwigia control 
methods. Next, riparian vegetation including native tule (Schoenoplectus spp.) and willows (Salix spp.) will be 
reestablished throughout the project area. A Native Species Revegetation Plan will be developed in 
coordination with local restoration practitioners including Luis Santana (Robinson Rancheria Environmental 
Center) and Benjamin Huffer (CDFW) that have experience with revegetation using tule. Phase I is anticipated 
to begin in spring/summer 2023 and will likely require permitting in the form of Statutory Exemptions for 
Restoration Projects (SERP) authorization. In this phase we will also (a) retain qualified professionals to 
perform hydrological modeling and prepare initial engineering drawings for channels and sediment basins, (b) 
submit planning and implementation watershed restoration grants to CDFW, (c) initiate permitting in the form 
of SERP/CEQA authorization for activities in this and subsequent phases.  
 
Phase II: Schindler Creek Sediment Removal & Channel Restoration, CEQA Permitting (Year 3): This phase 
involves removal of sediment with an excavator and dump truck from impacted reaches of Schindler Creek 
(e.g. Figure 3), and restoration of the geomorphology of the channel in several places. This phase will require 
SERP authorization for the work related to Schindler Creek. For this phase both the CDFW planning and 
implementation grants will have been awarded (although not yet necessarily disbursed; see below for more 
information on cost sharing). This phase will also involve continuation of CEQA permitting for the removal of 
sediment in the remainder of the Keys minus Schindler Creek in phase III. 
 
Phase III: Keys Sediment Removal & Sediment Basin Construction (Year 4): This phase involves sediment 
removal from the rest of the Keys. Authorization from CEQA (or SERP) will have been awarded by this point. 
Sediment will be disposed of at an approved site, and previous studies performed by CH2MHill identified the 
EPA Sulphur Bank Mine cleanup site as a potential recipient for the sediment, to be used as capping material. 
This conversation with the EPA will be reinitiated as part of this project. Also part of this phase will be 
construction of one or more sediment basins to trap stormwater during high runoff events. This basin is 
intended to be constructed near the Dollar General store to the north of CA-20, to intercept sediment before 
it enters the Keys. Depending on the results of hydraulic modeling and engineering calculations, culverts may 
also be installed to improve circulation between different channels within the Keys. 
 
Phase IV: Restore CA-20 Drainage to Natural Channel, Restore Wetland & Riparian Habitat (Year 5): This phase 
is contingent on a collaborating agency or entity acquiring controlling interest in parcels to the southeast 
currently known as the Shannon Ranch (Figure 6). This project will remediate the damage caused by the 
drainage ditch that currently flows through a linear unprotected channel and deposits sediment from the 
highway over the side of the boat ramp and into the Keys without the benefit of any kind of protected outfall 
structure (Figure 5). This project will involve rerouting of the drainage ditch to its original route via a naturally 
meandering channel crossing the field and wetland complex immediately to the southeast of the Keys (Figure 
6). This complex has potential to be acquired by Lake County Land Trust and is part of Elem Indian Colony 
ancestral lands. Reestablishing the approximately 0.5 miles of lost streamchannel and reconnecting the 
channel with Clear Lake has the potential to increase wildlife and wetland habitat, and make available to the 
Elem Indian Colony over 80 acres of their ancestral land. 
 
Project Timeline: As described in more detail above, the project is broken into four phases over five years. In 
summary, the major project tasks are intended to be completed as follows: 
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Phase  Year 1  Year 2  Year 3  Year 4  Year 5 
I: Ludwigia removal, planning, permitting X X X   
II: Sediment removal, permitting   X X  
III: Sediment removal, basin construction    X X 
IV: Shannon Ranch restoration     X 

 
Projected Budget: The following represents a rough breakdown of the projected costs of the Blue Ribbon 
Committee portion of implementing the project. As described in Cost Sharing, below, Blue Ribbon Committee 
funding will be used to supplement two CDFW watershed improvement grants (planning and 
implementation), and to cover the portion of the sediment removal not covered by the CDFW grants. We are 
also actively soliciting additional sources of funding and will continue to do so throughout the life of the 
project. 
 

Task Cost ($) 
a. Project & Agency Coordination 100,000 
b. Planning & Grant Writing 200,000 
c. SERP & CEQA Permitting  400,000 
d. Engineering Design & Hydrological Modeling 500,000 
e. Ludwigia & Sediment Removal & Revegetation in the Keys (minus 

Schindler Creek), Sediment Basin Construction 
1,100,000 

TOTAL 2,300,000 

 
Contact Information:  
Christopher T. DiVittorio, PhD 
Pinecrest Research Corp., Inc. 
(510) 881-3039 
chris@pinecrestenvironmental.org 
www.PinecrestEnvironmental.org 
 
Angela De Palma-Dow 
Water Resources Department, County of Lake 
(707) 263-2344 
255 N. Forbes St. Lakeport, CA 95453 
 
Edward Legan, President 
Clear Lake Keys Property Owners Association 
(702) 497-8938 
info.keyspoa@gmail.com 
www.keyspoa.com 
 
Cost Sharing: As discussed at the multi-agency meeting on January 11, 2023, there are numerous 
opportunities for supplemental funding for portions of this project. Most notably, the CDFW watershed 
rehabilitation grants program has encouraged us to apply for a planning grant to support grant writing, 
permitting, and engineering design. A second subsequent implementation grant will be submitted to fund the 
actual Ludwigia control, sediment removal, and revegetation for the portion of the project that involves 
Schindler Creek. This grant will also presumably fund some of the restoration of the watercourse on the 
Shannon Ranch, although we intend to apply for other funding for this portion of the project including from 
private foundations and the Federal government. 
 
Coordination & Consulting: Coordination across multiple state and local agencies is now ongoing, and several 
specialty consulting and restoration companies have been retained, some on a pro bono basis due to their 
belief in the importance of this project for the region and for the Clear Lake Hitch. Dr. Christopher DiVittorio 
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from Pinecrest Research Corp. is coordinating a group of consultants and assisting with biological reporting 
and grant writing. WRA Associates are in the process of being contracted for SERP/CEQA permitting and 
external grant writing. In addition, Dr. DiVittorio is currently in contact with hydrologists and engineers and 
will have a technical team assembled shortly.  
 
Stakeholder Participation: We will continue to seek partnership with all other interested stakeholders 
including County of Lake Water Resources and Vector Control, EJ Crandell (Board of Supervisors 
Chairman/District 3), Luis Santana (Fisheries, Robinson Rancheria Environmental Center), Elem Indian Colony 
of Pomo Indians, Habematolel Pomo of Upper Lake, Big Valley Rancheria, U.S. Environmental Protection 
Agency (USEPA), California Department Fish & Wildlife (CDFW), Lake County Land Trust, and Lake County 
Natural Resources Conservation Service (NRCS). We will also be working in coordination with the California 
Department of Food & Agriculture (CDFA) Hydrilla Program and USEPA Superfund Site cleanup teams to 
prevent impacts from Hydrilla (Hydrilla verticillata) invasion or mercury/arsenic contamination. 
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RESOLUTION OF THE EAST REGION TOWN HALL 
 
December 16, 2022 
 
 
To: 
Lake County Board of Supervisors 
255 N. Forbes St, #109 
Lakeport, CA 95453 
Attn: Clerk of the Board of Supervisors 
 
Lake County Blue Ribbon Committee 
s.magill@csus.edu 
Attn: Sam Magill  
 
Clearlake Oaks Keys POA 
P.O. Box 1329 
Clearlake Oaks, CA  95423 
Attn: Ed Legan 
 
Re: Resolution of support for proposals to study and rehabilitate Clear Lake pollution areas in the Keys 
watershed canals. 
 
The East Region Town Hall (ERTH) has considered proposals and comments provided to the Blue Ribbon 
Committee’s (BRC) Technical Subcommittee and supports the proposal by the County of Lake Water 
Resources Division including comments by the technical subcommittee to restore important lake 
attributes in the Keys canals and watershed processes. The proposed project is in keeping with the 
charter and intent of the BRC. 
 
ERTH is a legal Municipal Advisory Council established by the Lake County Board of Supervisors under 
Gov. Code Section 31010 to advise on matters of public health, safety, welfare, public works, and 
planning for the County unincorporated areas in the Clear Lake Oaks arm of the lake. 
 
The Keys canal area is a subdivision of Clearlake Oaks that traditionally hosted a Pomo village 
site dating back millennia. Today the Keys is a community development neighborhood of over 
850 properties that was designed before modern project review and environmental laws and was 
originally built on a wetland delta formed by Schindler Creek (~circa 1960). Lost in this 
development was a significant natural wetland that supported lake natural processes. This was 
similar to the wetland processes lost for the lake in the Middle Creek wetland conversion to 
farming. These processes are key components to the restoration of Clear Lake.  
The lake is compromised by, habitat loss, pollutants and cyanobacteria blooms which create 
reduced aquatic health, noxious odors and toxic conditions. Home owners, the water district and 
tourism are directly affected by the situation. 
The restoration of lake processes in the Keys canals will benefit Clear Lake through permanent 
removal of invasive aquatic plants, polluted sediments that contain road and farmland toxicants, 
natural phosphorus nutrients that support cyanobacteria blooms and sediments that block passage 
of historical hitch fish species significant to the local tribes. Restoring attributes such as water 
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depth, aquatic emergent vegetation, spawning and rearing habitats, lake flow and upslope 
stability will improve many positive lake functions and develop an aquatic habitat important to 
the lake ecosystem and restore high quality lake use by local citizens. 
 
Sincerely, 
 
Denise Loustalot, Chairman East Region Town Hall 
James Burton, Vice Chairman East Region Town Hall 
Pamela Kicenski, Committee Member East Region Town Hall 
Tony Morris, Committee Member East Region Town Hall  
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Clear Lake Blue Ribbon Committee 

Clear Lake Management Plan Development 
January 12, 2023 

Project Title: Clear Lake Management Plan Development 

Project Description:  

Proposed by: Lakebed Management, Water Resources, Watershed Protection District  
Including past efforts, current efforts, future/ planned efforts and remaining knowledge gaps or 
management programs to improve Clear Lake  
 
This project would supplement an update to the Clear Lake Integrated Watershed Management 
Plan and would add a specific chapter: Lake Management for Clear Lake.  This plan would 
complement and support other existing plans and plans being written such as TMDL attainment 
plans, Source Water Protection Plans (2023), Sanitary Surveys (2017, 2023), Stormwater 
Management Plans (2008, 2024), Hitch Conservation Strategy Documents, and Clear Lake 
Basin Watershed Assessments (2023).  
 
This plan would be a collaborative effort, and utilize a neutral contractor to write and develop the 
plan with input from the community and project partners (including Blue Ribbon Sub 
Committees). This proposal includes funds to select a contractor for writing services and a 
facilitator to coordinate and execute the effort, along with funds to provide for participating 
agencies and partners.  
 
This document has many objectives, included but not limited to:  
• Identified goals & action items for purpose of improving, protecting, and maintaining a 

desired condition Clear Lake at a given time.  
o Dynamic Document!  
o Co-Management Concept, as the lake doesn’t belong to one agency 
o This desired conditions, or target goal, will be a large part of the development of this 

plan 
• Supplement future Watershed Management and Basin Plan Updates  
• Describe lake activities (past, current and future efforts)  
• Describe contributors/influences to lake quality and quantity  
• Identify knowledge gaps, and missing information  
• Reference for all lake-related research, data, information or where to find these resources  
• Most importantly, this plan will be publicly accessible and interactive, and not just a stale 

binder on a shelf in a non-descript government building.  
 
The development of this plan will follow the North American Lake Management Society 
(NALMS) framework for Adaptive Lake Management:  
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Graphic Source: Lake County, IL Lake Management Planning Guide 
https://www.lakecountyil.gov/DocumentCenter/View/23814/Lake-Management-Planning-Guide-
Workshop_22418?bidId= 
 
Specific Sections of the plan will include the following topics (and more!):  

• Lake information (depth, size, watershed, development, etc) 
• Aquatic species management 
• Aquatic invasive species management/control 
• Wildlife/fishery management 
• Nutrient budgeting, nutrient trends over time  
• Shore protection 
• Lakebed Management  
• Water quality monitoring and protection 
• Authority of Management, Community, Co-Managers 
• Recreational management 
• Watershed management (briefly, with tie in to previous and future updated Integrated 

Watershed Management Plan) 
• Blue Ribbon Committee programs & projects, activities current and anticipated  
• Benchmarks to evaluate management progress  

 
Success will be when a document is completed, with community and partner input, that meets 
the needs of the Blue Ribbon Committee and Lake Managers from County, State, Tribes, Cities, 
and partner organizations.  
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Project Timeline: 

Timeline for project.  
• Year 1: Grant Administration for start-up, RFP and Contracting with writing consultants 

and facilitation support 
• Year 2: Plan Development including outreach and collaborative input 
• Year 3: Plan Completion, Reporting, and Presentations to Boards, Councils, and BRC.  

 
Projected Budget:  
Overall budget request: $168,000 
With County Contribution: $16,500 
Total Project Costs: $184,500 
 
Budget would include:  

• Facilitator, researcher, writer  
• Data Analysist, Spatial analyst team, hydrologist (quantity) 
• Agency, Co-management, Community Engagement and facilitation support  
• Funds to include agencies, departments, organizations participation in development and 

review process   
• Lake County can contribute towards overages of estimated budget  

 

Task CNRA funds Contribution 
(LCWRD) 

Total 
project 
Costs 

1.0 Project Coordination, reporting $15,000  $7,500 $22,500  

2.0 Consultant: Facilitator, research, writing, 
document compilation, data collection, project 
development 

$125,000    $125,000  

3.0 County staff participation & travel $8,500  $4,250 $12,750  
4.0 External agency contribution, 
participation, travel, space rental $9,500  $4,750.00 $14,250  

5.0 Outreach public engagement  $10,000    $10,000  

Total BRC Grant Funds Requested  $168,000.00  $16,500 $184,500  

 

Contact Information:  

• Angela De Palma-Dow, Lake County Watershed Protection District, Angela.DePalma-
Dow@lakecountyca.gov, (707)263-2344, 255 N. Forbes St. Lakeport, CA 95453 

Additional Information:  

Any overages in project costs will be supported by Lake County Watershed Protection District  

 
 

mailto:Angela.DePalma-Dow@lakecountyca.gov
mailto:Angela.DePalma-Dow@lakecountyca.gov
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Clear Lake Blue Ribbon Committee 

Enhancing Implementation of a Natural Shoreline Stewards Program in Clear Lake, CA 
January 14, 2023 

Project Title: Enhancing Implementation of a Natural Shoreline Stewards Program in Clear 
Lake, CA  

Agency: Lake County Watershed Protection District 

Project Description:  
This project will continue an established Natural Shoreline Stewards Program on the 

shores of Clear Lake, CA. In 2022, Lake County Watershed Protection District was awarded a 
Department of Pesticide Regulation grant to establish a Natural Shoreline Stewards program 
paired with and shoreline property owner incentive program.  Both projects aim to convert high-
impact private and commercial shoreline property into natural shorelines through incentive and 
educational-based solutions.   

The proposed project to the Blue Ribbon Committee will continue and enhance this 
project by continuing project coordination by experienced district staff (Task 1.0), build upon the 
education of staff and partners in hiring and training (Task 2.0), Continue and expand the 
Natural shoreline Incentive Program, whereas invasive species such as creeping primrose are 
removed and restored with native plants such as tules (Task 3.0) and continue the community 
Outreach and Education Program (Task 4.0).  In addition, this project will include the creation of 
several public land natural shoreline projects as demonstrations for the community (Task 5.0 – 
7.0).  

The proposed project will plan for and permit at least two public shorelines (Task 5.0), 
create and install at least two natural shorelines on public properties (task 6.0), and maintain 
these shorelines for the duration of the grant period (task 7.0) which includes the control and 
removal of invasive primrose and management of native plant species such as Tules 
(Schonoplectus acutus), aquatic smart weed (Polygonium aquaticum), spikesedge (Eleocharis 
spp.),  water plantain (Alisma spp.), alders (Alnus spp.) and other native and beneficial wetland 
species like willows (Salix spp.), sedges (Carex spp.) and others.   

The majority of this project will revolve around the education/outreach and incentive 
program for individual and commercial shoreline property owners (Task 3.0, and Task 4.0).   
Task 3 will provide incentives for private/commercial property owners to take advantage of 
Integrated Pest Management (IPM) methods, in additional to traditional methods, among 
parcels around the shorelines of Clear Lake. However, current local capacity limits the success 
of this task at around a maximum total acre a year of shoreline area.  Therefore, this proposed 
project also includes a local capacity building task (2.0) that will not only train and certify local 
agency and organizational staff, but recruit local contractors to become skilled and certified in 
Natural Shoreline restoration techniques. This task mimics those conducted by other well-known 
and successful programs such as Michigan’s Natural Shoreline Partnership and Vermont’s 
Natural Shoreline Erosion Control Certification Program.  
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Task 3.0 will not be limited in geographic scope and can be implemented to any 
interested property owner. Success will be when interest and participation in the program meets 
or exceeds available grant funds. Success will also be measured through the total accumulated 
area of shoreline that is maintained as natural and/or converted from invasive plants, or built 
hardscape, to natural shoreline. At each qualifying and participating site, the District, and project 
partners, will conduct photo monitoring pre and post project, and provide maintenance support 
as grant funds allow. 

In addition to incentives, Task 4.0 will provide educational and training opportunities for 
individuals to improve shorelines on their own.  Educational units will include reducing invasive 
plant and animal species and encouraging natural shoreline infrastructure –both built and 
natural- to encourage more wildlife use, and improve water quality while reducing shoreline 
erosion and degradation.  This task, the implementation of Natural Shoreline Stewards 
Program, will provide the public (private and commercial property owners) the educational tools 
needed to implement their own resilient and native shorelines, which are more equipped at 
preventing future invasions. This task will also include the creation, distribution, and instruction 
needed to improve shoreline resilience, to the communities around Clear Lake including 
shoreline property owners, regional schools, non-profit organization, tribes, work groups, and 
agencies. This task is direct implementation of an outreach and education program, from an 
existing plan.  

The geographic scope of task 4.0 extends beyond that shoreline and has the potential to 
be implemented indefinitely, as part of a holistic component for all wetland and aquatic invasive 
plant species management, lake management, and watershed management plans. This 
program can be expanded across the lake and be taught in schools as part of any 
environmental studies units. It is also constructed and intended to be adopted by local agencies, 
cities, tribes, and others who are connected and rely on Clear Lake. This task will be measured 
by the number of educational and outreach products produced and distributed, training sessions 
attended, number of participants in program, and the response rate to online participation / 
evaluation surveys and social media ads and promotions. 

The last tasks of this proposed project will be to provide a living example, case study, to 
accompany all the other tasks.  In order for property owners to be incentivized, and for teaching 
to be holistic and comprehensive, a natural shoreline demonstration area would be an extremely 
valuable tool.  Task 5.0 – 7.0 include the tasks needed to plan, permit, construct, and maintain 
at least two natural shoreline area locations, located on public property on shorelines of Clear 
Lake.  These demos will not only provide property owners exemplars to model and motivate 
their efforts, but the demo space will be ideal locations for staff, partner, and certified 
contractors to get hands-on experience and skills in creating natural shorelines. 

Task 5.0 will include planning and permitting subtasks, with task 6.0 including the actual 
demonstration garden installation and creation, and task 7.0 will include the maintenance and 
post-installation management. Success will be realized when at least two demonstration natural 
shorelines are created and used in an outreach, teaching and training capacity.  Before and 
after photos and lessons learned will be products of these tasks.  

Together the objectives and tasks of the proposed project, Enhancing Implementation of 
a Natural Shoreline Stewards Program in Clear Lake, CA, will create a sustainable program that 
supports and promotes community buy-in, participation, incentives, motivation, education, and 
local capacity building for a common goal – Improving natural shoreline communities on Clear 
Lake.  The conversion of shorelines from natural to developed is one of the most significant 
contributors to poor water quality in the Lake, and this program will provide the resources 
needed to reverse that contribution and start and sustain the long process for recovering Clear 
Lake’s lost wetlands and natural shoreline communities.   
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Project Timeline: 

Task Start End 

Task 1. Project Coordination Fall 2024 Fall 2028 

Task 2. Hiring and Training 
Spring – 

Summer 2025 
Spring 2028 

Task 3. Resident Incentive Program (Continuation of 
existing program) Invasive species removal & Tule planting 

Fall 2024 Fall 2028 

Task 4. Outreach and Education Program (Continuation of 
existing program) 

Fall 2024 Fall 2028 

Task 5. Demonstration Natural Shorelines Permitting & 
Planning 

Spring 2025 Winter 2026 

Task 6. Demonstration Shorelines Installation Winter 2026 Spring 2027 
Task 7. Natural Shorelines Maintenance (Continuation - 
primrose removal and management) 

Spring 2025 Fall 2028 

 

Projected Budget:  

Provide overall budget request and breakdown by task (as needed). Example: 

Overall budget request: $755,091 
County Contribution: $147,040 
Total project Budget: $902,131 
 

Task Grant Request County 
Contribution 

Task 1. Project Coordination   $        82,591   $         41,290  

Task 2. Hiring and Training   $        77,000   $         21,000  

Task 3. Resident Incentive Program 
(Continuation of existing program) Invasive 
species removal & Tule planting  

 $      150,000   $         10,000  

Task 4. Outreach and Education Program 
(Continuation of existing program)  $      150,000   $         45,000  

Task 5. Demonstration Natural Shorelines 
Permitting & Planning   $        18,500   $           3,250  

Task 6. Demonstration Shorelines Installation   $      262,500   $         22,500  
Task 7. Natural Shorelines Maintenance 
(Continuation - primrose removal and 
management) 

 $        14,500   $           4,000  
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Project Grand Total  $902,131  
Total Requested from CNRA  $755,091  

Project Contribution / Match from Lake County $147,040  
 

Contact Information:  

Angela De Palma-Dow, Lake County Watershed Protection District, (707) 263-2344, 
Angela.DePalma-Dow@lakecountyca.gov  
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Clear Lake Blue Ribbon Committee 

Continuation of Limnological Sampling Clear Lake, CA 
January 2023 

Project Title: Limnological Sampling Clear Lake, CA  

Project Description:  

Continuation of monthly ambient monitoring of Clear Lake in all three arms as part of the Clear Lake 
Ambient Monitoring Program (CLAMP). Since 1968, the California Department of Water Resources 
(DWR) has conducted ambient water quality monitoring and sampling of Clear Lake in 3 locations: the 
Upper, Lower and Oaks arms of the lake. Data derived from this sampling allows the State, County, 
Tribes, and other impacted local organizations to identify and track key nutrients and potential 
contaminants. This publicly available water quality information is essential for making water quality 
management decisions for Clear Lake and dependent downstream areas, including the Cache Creek 
Watershed and ultimately, the California Delta.  
 
Due to funding shortages in 2020, DWR terminated their monthly ambient water quality monitoring 
program in Clear Lake.  County of Lake Water Resources Department (i.e. Watershed Protection 
District, herein “Lake County”)) has continued an abbreviated monitoring program in the lake, although 
this is a burden on a department located in a disadvantaged community that does not receive general 
funds.  
 
A relatively small investment in a consistent water quality monitoring program has significant 
management and research implications. Without some assistance, the valuable information collected 
from this program, which is vital to the success of any actions produced by the Blue Ribbon 
Committee, will be lost and impossible to attain. This loss will likely impact not just Lake County water 
quality management efforts, but also the 17 Public Water Systems and an unknown number of small 
and private drinking water supply operations around Clear Lake, downstream water users, and the 
environment.  
 
With general funds, this project will include three major tasks:  
1) Project Coordination (Management, Reporting, and Accounting)  
2) Water and Sediment Sample chemical Lab Analysis (through Alpha Labs in Ukiah and UC/Davis 

TERC Labs)  
3) Sampling labor and field supplies, and funds to conduct data QAQC and upload into 

CEDEN/WQX. Field supplies include reagents, calibration materials, buffers, probes, probe 
replacements, tablet accessories, sample bottles, sampling gear like lifejackets and gloves.  

 
These funds would provide 3 years of continued monitoring support for Lake County, and 
partners, to continue sampling and analyzing ambient lake conditions for a variety of physical, 
chemical, and biological parameters.  
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Project is always open for community involvement and participation, boat and field trips 
and education. We would gladly take anyone willing to participate in sampling and to see 
Clear Lake from the middle of the Lake!! 
 
Data from this project is currently stored, and would continue to be stored in CEDEN under the 
projects:   
“Clear Lake Limnological Ambient MP – LCWRD Sampled” and  
“Clear Lake Sediment Nutrient Monitoring”  
This data also gets transferred to WQX when CEDEN crosswalks are updated to perform this 
task.  
 
Project Timeline: 

Timeline for project. Ideally, break down the timeline by phases. Example below for a multi-year 
project (your proposal may be shorter term) 

• Year 1: Grant coordination, Sampling, data consolidation, QAQC and data upload. 
Reporting. 

• Year 2: Sampling, data consolidation, QAQC and data upload. Reporting.  
• Year 3: Sampling, data consolidation QAQC and data upload. Reporting.  

 
Projected Budget:  

Funds would go to support sampling staff support, chemical analysis for both water and 
sediment nutrients, data analysis support for data management, needed equipment, reagents, 
and field tools, supplies. Funds would also support technical support to QA/ QC Data and 
upload into state and federal databases (CEDEN and WQX).  
 
Overall Budget amount:  

3 year project EstimatedTotal: $512,718  
Requested CNRA funds: $452,718  
Lake County WPD Match/ Contribution: $68,200 

Any overages needed to make this project successful will be sourced from Lake County Water 
Resources Lakebed Management funds as contribution.  

CNRA COST ESTIMATE - PLANNING PROJECTS - Lake County Ambient Limnological Sampling 

Task 
# PROJECT ELEMENTS Estimated 

Costs  
General Fund 

Grant 

Internal Funds 
Match 

(Personnel, 
Overhead & 

Indirect 
Charges) 

Funding 
Source 

(specify) 

  Planning, Coordination, Outreach 

  Deliverables: Task 1.0 Project Management (3 years)  

1.1 
Project Management  

12,927 12,927 
  County 

Internal 
Match  1.2 Project Reporting  2,000 2,000   
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1.3 Accounting  3,591 3,591   

  Task Sub Total  $     18,518   $    18,518      

            

  Assessments and Data Collection (SubContractors)  

  Deliverables Task 2.0 Lab Analysis (sub-contractors)  

2.1 
Alpha labs Water nutrients 
analysis  

189,000 189,000     

2.2 
UC Davis/ TERC Sediment 
analysis  

150,000 150,000     

  Task Sub Total  $   339,000   $  339,000      

            

  Deliverables Task 3.0 Sampling labor & Supplies 

3.1 

District Labor to conduct 
Sampling (water & 
sediment) 

135,000 75,000 60,000 County 
Internal 
Match 

3.2 

District Labor to QAQC & 
upload Data 8,200 8,200 8,200 

3.3 

WQ instrument 
Accessories (reagents, 
buffers, probes, etc.)  

12,000 12,000 
    

  Task Sub Total  $   155,200   $    95,200   $          68,200    

  Grand Total  $   512,718   $  452,718   $          68,200    
 

Contact Information:  

• Angela De Palma-Dow, Lake County Watershed Protection District, (707) 263-2344, 
Angela.DePalma-Dow@lakecountyca.gov  

Additional Information:  
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Clear Lake Blue Ribbon Committee 

Enhancing Implementation of a Natural Shoreline Stewards Program in Clear Lake, CA 
January 14, 2023 

Project Title: Enhancing Implementation of a Natural Shoreline Stewards Program in Clear 
Lake, CA  

Agency: Lake County Watershed Protection District 

Project Description:  
This project will continue an established Natural Shoreline Stewards Program on the 

shores of Clear Lake, CA. In 2022, Lake County Watershed Protection District was awarded a 
Department of Pesticide Regulation grant to establish a Natural Shoreline Stewards program 
paired with and shoreline property owner incentive program.  Both projects aim to convert high-
impact private and commercial shoreline property into natural shorelines through incentive and 
educational-based solutions.   

The proposed project to the Blue Ribbon Committee will continue and enhance this 
project by continuing project coordination by experienced district staff (Task 1.0), build upon the 
education of staff and partners in hiring and training (Task 2.0), Continue and expand the 
Natural shoreline Incentive Program, whereas invasive species such as creeping primrose are 
removed and restored with native plants such as tules (Task 3.0) and continue the community 
Outreach and Education Program (Task 4.0).  In addition, this project will include the creation of 
several public land natural shoreline projects as demonstrations for the community (Task 5.0 – 
7.0).  

The proposed project will plan for and permit at least two public shorelines (Task 5.0), 
create and install at least two natural shorelines on public properties (task 6.0), and maintain 
these shorelines for the duration of the grant period (task 7.0) which includes the control and 
removal of invasive primrose and management of native plant species such as Tules 
(Schonoplectus acutus), aquatic smart weed (Polygonium aquaticum), spikesedge (Eleocharis 
spp.),  water plantain (Alisma spp.), alders (Alnus spp.) and other native and beneficial wetland 
species like willows (Salix spp.), sedges (Carex spp.) and others.   

The majority of this project will revolve around the education/outreach and incentive 
program for individual and commercial shoreline property owners (Task 3.0, and Task 4.0).   
Task 3 will provide incentives for private/commercial property owners to take advantage of 
Integrated Pest Management (IPM) methods, in additional to traditional methods, among 
parcels around the shorelines of Clear Lake. However, current local capacity limits the success 
of this task at around a maximum total acre a year of shoreline area.  Therefore, this proposed 
project also includes a local capacity building task (2.0) that will not only train and certify local 
agency and organizational staff, but recruit local contractors to become skilled and certified in 
Natural Shoreline restoration techniques. This task mimics those conducted by other well-known 



 

60 
 

and successful programs such as Michigan’s Natural Shoreline Partnership and Vermont’s 
Natural Shoreline Erosion Control Certification Program.  

Task 3.0 will not be limited in geographic scope and can be implemented to any 
interested property owner. Success will be when interest and participation in the program meets 
or exceeds available grant funds. Success will also be measured through the total accumulated 
area of shoreline that is maintained as natural and/or converted from invasive plants, or built 
hardscape, to natural shoreline. At each qualifying and participating site, the District, and project 
partners, will conduct photo monitoring pre and post project, and provide maintenance support 
as grant funds allow. 

In addition to incentives, Task 4.0 will provide educational and training opportunities for 
individuals to improve shorelines on their own.  Educational units will include reducing invasive 
plant and animal species and encouraging natural shoreline infrastructure –both built and 
natural- to encourage more wildlife use, and improve water quality while reducing shoreline 
erosion and degradation.  This task, the implementation of Natural Shoreline Stewards 
Program, will provide the public (private and commercial property owners) the educational tools 
needed to implement their own resilient and native shorelines, which are more equipped at 
preventing future invasions. This task will also include the creation, distribution, and instruction 
needed to improve shoreline resilience, to the communities around Clear Lake including 
shoreline property owners, regional schools, non-profit organization, tribes, work groups, and 
agencies. This task is direct implementation of an outreach and education program, from an 
existing plan.  

The geographic scope of task 4.0 extends beyond that shoreline and has the potential to 
be implemented indefinitely, as part of a holistic component for all wetland and aquatic invasive 
plant species management, lake management, and watershed management plans. This 
program can be expanded across the lake and be taught in schools as part of any 
environmental studies units. It is also constructed and intended to be adopted by local agencies, 
cities, tribes, and others who are connected and rely on Clear Lake. This task will be measured 
by the number of educational and outreach products produced and distributed, training sessions 
attended, number of participants in program, and the response rate to online participation / 
evaluation surveys and social media ads and promotions. 

The last tasks of this proposed project will be to provide a living example, case study, to 
accompany all the other tasks.  In order for property owners to be incentivized, and for teaching 
to be holistic and comprehensive, a natural shoreline demonstration area would be an extremely 
valuable tool.  Task 5.0 – 7.0 include the tasks needed to plan, permit, construct, and maintain 
at least two natural shoreline area locations, located on public property on shorelines of Clear 
Lake.  These demos will not only provide property owners exemplars to model and motivate 
their efforts, but the demo space will be ideal locations for staff, partner, and certified 
contractors to get hands-on experience and skills in creating natural shorelines. 

Task 5.0 will include planning and permitting subtasks, with task 6.0 including the actual 
demonstration garden installation and creation, and task 7.0 will include the maintenance and 
post-installation management. Success will be realized when at least two demonstration natural 
shorelines are created and used in an outreach, teaching and training capacity.  Before and 
after photos and lessons learned will be products of these tasks.  

Together the objectives and tasks of the proposed project, Enhancing Implementation of 
a Natural Shoreline Stewards Program in Clear Lake, CA, will create a sustainable program that 
supports and promotes community buy-in, participation, incentives, motivation, education, and 
local capacity building for a common goal – Improving natural shoreline communities on Clear 
Lake.  The conversion of shorelines from natural to developed is one of the most significant 
contributors to poor water quality in the Lake, and this program will provide the resources 
needed to reverse that contribution and start and sustain the long process for recovering Clear 
Lake’s lost wetlands and natural shoreline communities.   
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Project Timeline: 

Task Start End 

Task 1. Project Coordination Fall 2024 Fall 2028 

Task 2. Hiring and Training 
Spring – 

Summer 2025 
Spring 2028 

Task 3. Resident Incentive Program (Continuation of 
existing program) Invasive species removal & Tule planting 

Fall 2024 Fall 2028 

Task 4. Outreach and Education Program (Continuation of 
existing program) 

Fall 2024 Fall 2028 

Task 5. Demonstration Natural Shorelines Permitting & 
Planning 

Spring 2025 Winter 2026 

Task 6. Demonstration Shorelines Installation Winter 2026 Spring 2027 
Task 7. Natural Shorelines Maintenance (Continuation - 
primrose removal and management) 

Spring 2025 Fall 2028 

 

Projected Budget:  

Provide overall budget request and breakdown by task (as needed). Example: 

Overall budget request: $755,091 
County Contribution: $147,040 
Total project Budget: $902,131 
 

Task Grant Request County 
Contribution 

Task 1. Project Coordination   $        82,591   $         41,290  

Task 2. Hiring and Training   $        77,000   $         21,000  

Task 3. Resident Incentive Program 
(Continuation of existing program) Invasive 
species removal & Tule planting  

 $      150,000   $         10,000  

Task 4. Outreach and Education Program 
(Continuation of existing program)  $      150,000   $         45,000  

Task 5. Demonstration Natural Shorelines 
Permitting & Planning   $        18,500   $           3,250  

Task 6. Demonstration Shorelines Installation   $      262,500   $         22,500  
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Task 7. Natural Shorelines Maintenance 
(Continuation - primrose removal and 
management) 

 $        14,500   $           4,000  

Project Grand Total  $902,131  
Total Requested from CNRA  $755,091  

Project Contribution / Match from Lake County $147,040  
 

Contact Information:  

Angela De Palma-Dow, Lake County Watershed Protection District, (707) 263-2344, 
Angela.DePalma-Dow@lakecountyca.gov  
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Clear Lake Blue Ribbon Committee 

Dredging Boating Ways and Stream Mouths of Clear Lake 

1.13.2023 

Project Title: Dredging Boating Ways and Stream Mouths of Clear Lake 

Project Description: The County of Lake (County) seeks to acquire funds to design and perform multiple 
dredging projects around the public access areas of Clear Lake.  The goals of these dredging projects are 
multi-benefit; to increase the navigable depth, reduce nutrient sediment banks/bars and bioturbation 
potential, and improve fish passage at various stream mouths around Clear Lake.  
 
The County will create and distribute an RFP, then complete contracting with a qualified and 
experienced engineering consultant and/or company.  The consultant will prepare bathymetric surveys, 
water and material testing requirements, dredge calculations, project design, improvement plans, 
permit applications, perform engineering assistance during construction, and preparation of 
improvement plans and specifications to be used as the basis for solicitation of construction bids. A 
contractor approved to dredge waterways will then be on-boarded to complete implementation of the 
project and disposal of material. 
 
Benefits: 
• Removing sediment nutrients from Clear Lake (phosphorus sediment fuels HABs, and contribute 

to internal loading)  
• Improve fish passage for creeks by removing barriers at tributary mouths  
• Improve recreational and emergency access to the Lake by removing sediment materials, 

allowing jurisdictions to apply for ramp extension grants and implement those projects 
 
Potential Proposed Areas: 
• Rodman Slough / Kelsey Creek 
• 3rd / 5th St Ramp 
• County Park Ramp 
• Keeling Park Ramp 
• Clearlake Oaks Ramp 
• Redbud Ramp 
• Cole Creek (Clear Lake State Park)  
• (potential for other stream mouths) 
 
*Target dredge depth of -4.5ft Rumsey for the boat ramps (selected areas dependent on bathymetric 
survey results and project management guidance) 
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Project Components: 
 
There are two main project components, each with associated subcomponents. Firstly, project 
management which sets up the project, obtains required permits, reports, studies, and helps with the 
development of an RFQ to solicit qualified contractors that will be conducting the actual dredging work. 
Secondly, the dredging implementation portion includes selected contractor will remove sediment and 
dredge at selected sites to established depths and dispose of recovered material appropriately.  
 

• Project Manager (includes permitting, required technical studies, cultural reports, 
sedimentation plan, archeological report, bathymetric surveys) ~40% of project costs 

 
• Dredging Implementation (includes material removal and disposal) 60% of project costs 
 

Additional Projects/Benefits: 
 
Dredged boating lanes will allow the County and Cities to apply for grant funding to extend boat ramps 
through the California Division of Boating and Waterways. Currently, many boat ramp extensions are 
not possible due to higher lakebed elevations just outside the ramp drop offs where material has 
deposited from boating, runoff, and wave action. 
 
Dredging and extending boat ramps have additional multi-benefits to recreation including reduced 
bioturbation in the littoral zone. This is due to the reduced turbidity props cause over a cement boat 
ramp compared to the natural lake bottom. 
 
Quantifying Project Success: 
 
There are many ways to quantify success of this project, including tangible improved navigable depths, 
estimated nitrogen / phosphorous removed from Clear Lake, and visible accounts of improved hitch 
spawning runs.  
 
The Lucerne dredging project for example will remove an estimated ~2 tons of phosphorous and ~0.4 
ton of Nitrogen by dredging 2500 cu yards of sediment. The annual load limit established by the Water 
Resources Control Board for Clear Lake regarding phosphorous is 95 tons, which means the Lucerne 
Dredging Project alone is removing ~2% of the annual load limit of phosphorous for Clear Lake.  
Nutrients removed by dredging other areas can be quantified in a similar way as above. 
 
Below is a table illustrating the load contributions from major tributaries into Clear Lake.  
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*Courtesy of Clear Lake Watershed Sanitary Survey Update 2017 
 
Potential Project Partners: 
 
CDFW has been briefly introduced to the concept project and Fisheries Biologist, Ben Ewing responded 
saying: “I believe when done correctly, that dredging stream mouths can be very beneficial, especially to 
hitch. Kelsey Creek, Schindler Creek, and Rodman Slough are all spots that I believe could use some 
help”.- Ben Ewing. It is the intention to collaborate with CDFW, not only from a permitting standpoint, 
but from a technical standpoint to ensure conservation benefits. Grant funding from CDFW will continue 
to be explored to enhance and expand the project. 
 
The Clear Lake State park is also very interested in dredging their channel (Cole Creek) to improve boat 
and fish passage. It is the intent that they be included as a project partner for that specific channel. 
 
The tribes around Clear Lake will also be integral to the project’s success since a lot of earth will be 
moved and there is the potential to unearth cultural artifacts. Further, it would greatly enhance the 
project to incorporate tribal ecological knowledge into the project in relation to fish passage up various 
Clear Lake tributaries.  
 

Project Timeline: 

• Year 1: Planning and permitting, CEQA, outreach, Project Manager Onboarding. 

• Year 2: Finishing permitting / required reports and soliciting an RFQ for dredging 

• Year 3: Dredging contractor onboarding and implementation of dredging at various locations  

Projected Budget:  

• Overall budget request: $2,500,000 

o Task 1: Project Management: $200,000  
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o Task 2: Permitting and CEQA: $135,000 

o Task 3: Studies and Reporting: $90,000 

o Task 4: Surveying and Monitoring: $75,000 

o Task 5: Dredge Implementation: $1,500,000 

o Task 6: Material Disposal: $500,000 

 

*Project scope can be reduced to address less areas if funding is limited.  

**Estimations were based on costs associated with the Lucerne Harbor Project and extrapolated 
for additional areas. 

Contact Information:  

William Fox 

Program Coordinator  

Lake County Water Resources Department  

William.Fox@lakecountyca.gov 

Office: 707-263-2344 Cell: 707-530-5014 

Additional Information:  

Rodman Slough Aerial 

 

 *Taken Aug 2022 

mailto:William.Fox@lakecountyca.gov
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*Potential Proposed Locations 

 

*Bathymetric surveys already conducted in 2021 for 3rd St, 5th St, County Park, Clear Lake Oaks, 
and Redbud Ramps (too large to attach, contact via email to receive information) 
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