
FIRO + New Bullards Bar Secondary Spillway: 
Enhancing public safety and climate change resiliency

John James, Yuba Water Agency

Presenter
Presentation Notes
Lifelong Northern CalifornianInterested in weather and particularly extreme weather since I was a child.I like to say my life/career path similar to that of an AR, moving from Marin County to UC Davis for school where I received my Bachelor’s in Atmospheric Science and then into the upper Yuba Watershed first with PG&E in the upper Yuba Watershed and now with Yuba Water Agency covering the entire watershed.



Today’s Agenda

• Yuba County flood history / Forecast 
Coordinated Operations 

• Yuba-Feather FIRO program
• New Bullards Bar Secondary Spillway project
• Questions
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Presenter
Presentation Notes
Lifelong Northern CalifornianInterested in weather from childhoodPath similar to that of an AR, moving from Marin County to UC Davis for school where I received my Bachelor’s in Atmospheric Science and then into the upper Yuba Watershed first with PG&E in the upper Yuba Watershed and now with Yuba Water Agency covering the entire watershed



Yuba County Flood History: Major Flood Events (1955)
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Presenter
Presentation Notes
I want to touch on some of the factors that contribute to the flood risk in Yuba County and the Yuba Feather region. Highly-productive watershed surrounded by three major rivers (Yuba, Feather and Bear) You may know our region has a history of hydraulic gold mining in the nearby foothills of the Sierra Nevada Mountains. This led to large quantities of silt being deposited in the rivers, raising riverbeds, in some places higher than the cities themselves.Yuba County’s flood history has been documented since record keeping began in the late 1800s. The catalyst for the Yuba County Water Agency creation was flooding that began on Christmas Eve in 1955 and caused tremendous damage and loss of life in neighboring Yuba City and Sutter County was a sobering reminder that motivated the people of Yuba County. YCWA was created in 1959 and the Yuba River Development Project approval in 1961 which was the project responsible for constructing the New Bullards Bar dam just above Dobbins on the north fork of the Yuba River in Yuba County, 



Yuba County Flood History: Major Flood Events (1986)

February 20, 1986: As the Yuba River 
recedes after a week of historic flows, a 
portion of the levee protecting Linda collapses, 
killing two and inundating 4,000 homes
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The Peach Tree Mall and nearby lumber mill sit 
underwater just above a flooded North Beale Road. 

Early 1990: Yuba Water requests 
Congress and U.S. Army Corps of 
Engineers initiate the Yuba River 
Basin Project to bring a 200-year 
level of flood protection to Yuba 
County

Presenter
Presentation Notes
Another important flood event February 1986. Water on the levees is nothing new in Yuba County, but as we started to get some relief as the overflowing rivers started to recede from what seemed to be an endless rain that winter, a 150-foot section of the levee near present day Walmart crumbled and caused catastrophic flooding to the community of Linda, killing 2 people and destroying 4,000 homes and businesses.  What was once the Peach Tree Mall still stands as a reminder of how a local economy can be devastated in less than a day.In 1990, Yuba Water requested Congress and the U.S. Army Corps of Engineers to act and urged them to help bring 200-year level of flood protection to Yuba County. The devastating flood of 1986 was the catalyst for the $500 million Yuba River Basin Project, where the Corps of Engineers, DWR and the Central Valley Flood Protection Board endeavored to repair and construct more levees to mitigate this risk. 



Yuba County Flood History: Major Flood Events (1997)
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January 2, 1997: After eight days 
of heavy rainfall that caused rapid 
snowmelt and runoff and swollen 
rivers, two levee breaches claim 
three lives and nearly 1,000 
homes

Southern Yuba County near present day Plumas 
Lake and communities of Olivehurst, Linda and 
Arboga were hit especially hard during ‘97 flood.

Presenter
Presentation Notes
And finally, January 1997. Flood of Record Just after the New Year, an atmospheric river storm melted a near record snowpack and created devastating runoff.  Near present day Plumas Lake, a section of levee on the Feather River failed, claiming three lives and nearly 1,000 homes.
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Yuba-Feather River Forecast-Coordinated Operations (F-CO)

• Current forecast coordinated operations program is supported by a 
strong partnership among federal, state and local agencies

• Coordinate reservoir releases regulated by U.S. Army Corps of 
Engineers Water Control Manuals

Lake Oroville (DWR) New Bullards Bar (Yuba Water)

Presenter
Presentation Notes
Lake Oroville and New Bullards Bar Reservoir operate in coordination to improve flood protection along the Yuba-Feather River system.Following the 1997 Floods, studies were conducted and recommend a number of system improvements to improve flood risk in the region. On these improvements was for improved coordination of flood operations between the reservoirs. This led to the creation of the Yuba Feather Forecast Coordinated Operations program or F-CO.  Since 2005 F-CO program has been a highly successful partnership achieving its objectives of:Enhancing communications and reporting for downstream flood emergency needsProviding a common decision support system Operating reservoirs in coordinated fashion to reduce flood risksThis strong partnership between local, state and federal agencies, including Yuba Water Agency, DWR, US Army Corps of Engineers, the National Weather Service and others makes the program highly collaborative and has been key to its success. 



Yuba Feather 
River Systems
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300,000 cfs

320,000 cfs

WCM Common 
Downstream Control 
Points 

Presenter
Presentation Notes
F-CO operations focus on coordination of reservoir flood operations to maintain within constraints of the Army Corps Water Control Manual common downstream control point flows at300,000 cfsAt the Feather-Yuba confluence And 320,000 cfs at the Feather-Bear confluence



Today’s Agenda

• Yuba County flood history / Forecast 
Coordinated Operations 

• Yuba-Feather FIRO program
• New Bullards Bar Secondary Spillway project
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Presenter
Presentation Notes
Lifelong Northern CalifornianInterested in weather from childhoodPath similar to that of an AR, moving from Marin County to UC Davis for school where I received my Bachelor’s in Atmospheric Science and then into the upper Yuba Watershed first with PG&E in the upper Yuba Watershed and now with Yuba Water Agency covering the entire watershed



Forecast-Informed Reservoir 
Operations (FIRO)

• Existing partnership projects:
o Russian River, Lake Mendocino (2014)
o Santa Ana River, Prado Dam (2017)
o Yuba-Feather Rivers, Oroville and New 

Bullards Bar (2019)
• Uses improved forecasting to increase 

flexibility to store or release water
• Benefits include reduced flood risk, 

potential water availability 
improvements, climate resilience

Presenter
Presentation Notes
In 2019, In order to continue to enhance the strong partnerships and flood risk reduction efforts the F-CO program created, DWR and Yuba Water Agency, invested an initial $2M dollars in a new initiative called Yuba-Feather Forecast Informed Reservoir Operations or FIRO.What is FIRO? FIRO is broadly defined as a flexible water management approach… that uses data from watershed monitoring and improved weather forecasting to help water managers selectively retain or release water from reservoirs.  It supports decisions about how much water to keep during dry periods or how much to release prior to storms. The YF FIRO is the third FIRO project within California and the unique in a few ways. It is the first FIRO research and operations program focus primarily on flood risk reduction and the first to utilize FIRO in a multi-reservoir system  Sonoma Water Agency and Orange County Water District also have FIRO projects currently in place. The focus of Yuba-Feather FIRO is primarily on flood risk reduction, but also has the potential for water supply benefits.  The program seeks to achieve 2 main goals:1. Improve operational meteorological and hydrologic forecasts2. Integrate those improved forecasts into reservoir operational rules for flood risk reduction and public safety FIRO establishes a new partnership with Scripps Institute of Oceanography’s Center for Western Weather and Water extremes (CW3E).  CW3E specializes in state-of-the-art research into Atmospheric Rivers, the main type of storm that causes large flood events in our region. Recently we have completed the Workplan for the program and have begun the Preliminary Viability assessment, which is the essentially the first execution phase of the Workplan



F. M. Ralph, M. Zheng, 2021 (CW3E at UC San Diego Scripps Institution of Oceanography)

Presenter
Presentation Notes
Dropsondes measure: Pressure, temperature, moisture, wind speed and directionC-130 Air Force and G4 NOAA planes dropping airborne sensors measure: Pressure, temperature, moisture, wind speed and directionfrom aircraft flying above the storms while they are still out over the Pacific Ocean (similar to “Hurricane Hunters”), to help build a robust data collection and fill in data gapsNot limited to dropsondes, also innovative tech (airborne radio occultation) and drifting buoys. Better weather observations over the Pacific can help AR landfall predictions and associated precipitation, water supply and floodingBetter AR forecasts can support both flood preparations and water management decisionsAR Recon has been included in the National Winter Season Operations Plan directing NOAA and AF to execute AR Recon, including in winter 2021AR Recon Modeling and Data Assimilation Steering Committee is doing detailed impact studiesData from Dropsondes (Airplanes)  and Radiosondes (Weather Balloons) is ingested directly into global weather forecast modelsNew NWSOP will be out this summer with additional revisions.AR Recon forecast improvement applied to FIRO.Better data, The data collected by flying into Ars as the cross the Pacific. Data collected from the the AR Recon program improved the forecast as much as the entire North American weather balloon network. Focusing here on observations, but we also are developing models specifically for this problem. Observations are used to inform them: as initial conditions; to improve representation of physical processes; for verification.Models: AR strength, duration, orientation  precipitation (rain, snow?)  streamflowTalk about the observational enhancements associated with forecast improvements under the FIRO program. These are essentially in 3 categories:Ocean based meteorologicLand Based meteorologicLand Based hydrologic Supporting the YF FIRO and other FIRO programs to improve forecasting for reservoir operations is the related AR Reconnaissance program. This CW3E looks to improve observations of ARS out over the pacific in areas that traditionally have not had coverage area. The program uses the same aircraft that sample the atmosphere in and around hurricanes and is now formally called for in NOAA National Winter Season Operations plan. The observations are ingested into models and have been shown to improve the accuracy and lead time for forecasts. Highlights of the 2021 SeasonIn 2021 over 2021 dropsondes were released and the set of six consecutive day missions were flown prior to and during the late January AR event. 



AR Recon Data Denial Experiments
V. Tallapragada, F.M. Ralph, X. Wu, M. Zheng

GFS precipitation forecast error at 120h 
(5-day) lead time with drops is equivalent 

to the 48h (2-day) error without drops.

GFS Shows Continuous and 
Significant Precipitation 
Improvement by 
assimilating data from IOPs 
4 through 7.

FIRO and AR Recon forecast improvement 

Presenter
Presentation Notes
Improved accuracy and lead time on AR rivers and precipitation is key to forecasting runoff and those releasing water ahead of peak storm inflows. An example of the forecast improvement with the AR Recon was demonstrated by CW3E in their sampling of the late January 2021 storm that impacted central CA this past winter. They ran the forecast models with and without the dropsonde data and compared to the actual precipitation values. The result was the model runs with the dropsonde date improved to the equivalent level of 2 days from the event without the dropsondes to 5 days from the event with the dropsondes. GFS precipitation forecast error at 120h (5-day) lead time with drops is equivalent to the 48h (2-day) error without drops
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Yuba Watershed FIRO Observations

New Meteorological and Hydrologic Observations
• 8 new Met/Soil sites in Yuba & Feather Watersheds 
• 2 MRR radar sites - Yuba
• 1 Radiosonde (Weather Balloon) launch site - Yuba

Presenter
Presentation Notes
Working closely with our partners at Scripps Institute, the Yuba Feather FIRO partners are focusing Research and Operations framework to improve forecasts in several ways specific to our area. These include:New permanently installed weather and soil moisture stations. 8 new Met/Soil sites in Yuba & Feather Watersheds 2 MRR radar sites - Yuba1 Radiosonde (Weather Balloon) launch site – YubaBodega Bay - Atmospheric measurements from dropsondes over the Ocean and then coastal and inland areas as AR propogates on to landAdditional sites in the Feather being investigated this summer. Data from real-time sites being delivered into CDEC and communicated to CNRFC and DWR for operational useWeather balloon launches during Atmospheric river events, will complement the dropsonde observations over the ocean as AR make landfallAll These observations feed into real-time global computer weather forecast models – this means they are already improving weather forecasts by adding additional and higher resolution data One recent example I would like to highlight is the latest installation at the Browns Valley Elementary school.The new station was installed this month and is located just East of Marysville. It will not only provide important data for the FIRO program but scientific information and applications for the students.This collaboration brings together Yuba Water’s partnership with Scripps to support our educational outreach and flood risk reduction programsThe FIRO program is also looking to better understand:Soil moisture conditions, Freezing Level, And Rain on Snow Impacts on reservoir runoff flows and how to better predict them in the future. In addition to building out an enhanced and high resolutions observational network, Scripps has developed a high resolution model West-WRF tailored for west coast and CA AR forecasts. In addition to the new observations, the FIRO program is focused on processes to integrate the observational network enhancements into operationalizing forecasts used by reservoir operators for decision makingThis flow chart on the left shows how new observations and other model forcings could be ingested into operational forecast model systems to produce improved forecasts. ----------------------------------------------------Enhanced Observational network data will help improve initial state conditions forecast models that would then provide more accurate inflow forecasts to reservoir operators. Utilizing FIRO observations Forecast improvement specific to the Yuba-FeatherTaking observations and improving forecastFreezing level, ground moisture, snowpack conditions all can provide better forcings into streamflow forecasts used by reservoir operators.
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U.S. Army Corps Water Control Manual Update

Forecast-Informed
Reservoir

Operations

Presenter
Presentation Notes
In parallel to the YF FIRO program, and with the objective integrate new FIRO rules from forecast enhancements, Yuba Water Agency and DWR are also working with the Corps to support updating the Water Control manuals at New Bullards Bar and Lake Oroville. The formal reservoir flood operating rules for Lake Oroville and New Bullards Bar fall under the US Army Corps of Engineers Water Control Manuals. These are the rules are used by the partners as part the F-CO decision support system.  Currently, the rules are primarily based on the time of year and generally do not include provisions to use specific forecasts to inform releases. Along with integrating FIRO, the manuals are being updated to be more adaptive and take advantage of improving forecasts now and into the future. The FIRO program and the updates to the manuals are being highly coordinated and aligned as they progress together in parallel. This process of developing FIRO and WCM updates at the same time is another unique aspect of our program. Alignment planning and information sharing workshops were held late last year:Key outcomes from the workshop included: • Defining clear goals and objectives for each project in relation to one another • Improving understanding of projects by participants in both processes, enabling more meaningful and effective collaboration • Aligning schedules and common requirements to avoid duplication of efforts • Establishing regular leadership meetings and integrating technical work groups to collaborate, share analyses, monitor progress, and adapt as needed • Creating a model process for future FIRO-informed Water Control Manual updates • Refining operational requirements for researchThe alignment of the two programs in the Yuba-Feather has been so successful, it is being envisioned by the Corps as the model process for future joint FIRO/WCM efforts. 



Yuba-Feather Forecast Informed Reservoir Operations and 
Water Control Manual Update Timeline

April 2021

Presenter
Presentation Notes
Here is a timeline of our progress on the FIRO and WCM update as they are progressing together Over the past year we have been working to complete the workplan and now are entering into the execution phase of the Workplan under whats know as the preliminary viability assessment or PVA. As I mentioned Prior to starting the PVA work the program carefully coordinated with the WCM update team, many of which are the same members,  to make sure efficient use of time and resources were going into these assessments. By mid-2022 we are planning to finalize the PVA and provide alternatives for the WCM team to evaluate through the Corps processes, the feedback between the two parallel projects will result in a final viability assessment in 2024 that will serve as the platform for FIRO to be fully incorporated in the updates of the WCM manuals.



FIRO

Yuba-Feather FIRO / Oroville and New Bullards Bar 
Water Control Manual Update System Objectives

WCM
Coordinate operations in Yuba-
Feather watershed to minimize 
exceedance of:

1. 300,000 cfs in the Feather River 
below Yuba River

2.   320,000 cfs in the Feather River 
below Bear River, insofar as possible

3.   Without necessity for Marysville 
Dam and Reservoir

The Yuba-Feather FIRO flood risk 
reduction target goal is to provide 
the functional equivalent of 
260,000 AF of flood storage 
space* for New Bullards Bar and 
Lake Oroville combined, to ensure 
adequate system flood storage.

*Marysville Dam and Reservoir would 
have provided 260,000 acre-feet of flood 
storage along the lower Yuba river. 

Presenter
Presentation Notes
On main item of the alignment  workshops was to understand the each of the programs Objectives related to flood risk reductionFIRO ObjectiveThe Yuba-Feather FIRO target goal is to provide the functional equivalent of 260,000 AF of flood storage space for New Bullards Bar and Lake Oroville combined, to ensure adequate system flood storage. This value is equivalent to the flood storage space that would have been created in the never built Marysville reservoir along the lower Yuba river. Water Control Plan Yuba Feather System ObjectiveCoordinate system flood operations in Y-F watershed to minimize frequency of exceedance of:300,000 cfs at the Yuba-Feather confluence320,000 cfs at the Feather-Bear confluence (in so far as possible)Without Marysville DamThe objectives of the projects are linked through the performance improvements associated with replacing the flood storage that the Marysville Dam would have provided the system. The equivalent functional storage target (level of performance) under FIRO enables the system objectives of the WCM to be achieved by providing for additional peak inflows into the reservoirs during large events. The objectives 
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Presenter
Presentation Notes
Lifelong Northern CalifornianInterested in weather from childhoodPath similar to that of an AR, moving from Marin County to UC Davis for school where I received my Bachelor’s in Atmospheric Science and then into the upper Yuba Watershed first with PG&E in the upper Yuba Watershed and now with Yuba Water Agency covering the entire watershed



New Bullards Bar Dam Secondary Spillway
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Proposed project
• An additional open channel spillway at 

New Bullards Bar Dam
• Allows for releases at a lower reservoir

water elevation (31.5 feet lower than 
current spillway)

• Discharge capacity of 35,000 cubic-feet-
per second (cfs)

Public safety benefits
• Redundancy and increased operational

flexibility for managing outflow from dam
• Enhances public safety in Yuba-Feather

region by reducing flood stage
downstream

Presenter
Presentation Notes
Improved forecasts and operating rules are important enhancements. However, to achieve the full benefit of FIRO strategies, it requires the capability and flexibility to release water at the reservoir.  Currently, New Bullards Bar only has one primary spillway outlet that is situated relatively high in the dam. During storm events, the reservoir must fill above the current outlet before water can be adequately released. This means that even with a long lead time and accurate forecast, we may not be able to release the full amount of water we would like ahead of large storm events. Because of this, Yuba Water Agency is planning a new Secondary Spillway that is designed to be able to operate under FIRO and will increase flexibility in managing the reservoir.The spillway gates will be 31 feet lower in elevation, allowing for significantly improved release capability. The spillway will be able to create additional flood storage space ahead of flood events which can then be used to hold back flood flows during the peak of the event.It will be able to release 35,000 cfs when the reservoir elevation is at the top of the conservation space. Independently, this is nearly doubles the current capacity at the same elevationBenefitsAdditional outlet with the ability to advance release water ahead of stormsDownstream water level reduction of 2-3 feet in Yuba-Sutter regionIncreases downstream level of protection by 100- to 300-year level*Increased flexibility to store additional water in drier yearsYuba Water committed $11 million for design and permitting, $7 million spent to date We are nearing 60% design on the project. -----------------------------------------------Design & Permitting 60% design  – August 2021  100% design - expected early 2022Final EIR mid-2022 ConstructionBegin 2023 or 2024Complete approximately 2027
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Primary Spillway
Secondary Spillway

New Bullards Bar Dam Secondary Spillway

Presenter
Presentation Notes
Overhead look at the future location of the spillway which will be at the left abutment of New Bullards Bar Dam,  adjacent to the existing spillway 



New Bullards Bar Dam Secondary Spillway Release Capability 

18,000 cfs

35,000 cfs
19,000 cfs

Presenter
Presentation Notes
Ability to pre-release water. This chart shows the cross-section of spillway flow capacity broken out between existing spillway in yellow and the new spillway in pink. Reservoir elevations increase from left to right. If you notice the 2 dashed lines, those are the existing spillway invert and the top of the conservation space. Significant spillway capacity would be added at these lower elevations to provide for the ability to advance water releases ahead of forecasted inflows. The existing spillway has a capacity of 18,000 cfs at the TOC, while the secondary spillway will have 35,000 cfs. At the elevation of the invert of the primary spillway (meaning before we can currently release any water from the existing spillway gates, the secondary spillway will have the release capacity of 19,000 cfs.



New Bullards Bar preliminary “FIRO Space” concept

Lake Mendocino FIRO FVA

Lake Folsom FCD 

Presenter
Presentation Notes
How would we operational rules be updated to use improved forecasts? This slide is showing a preliminary concept of what has been defined as a “FIRO space” on a New Bullards Bar Army Corps Flood Control Diagram. This is really a hybrid concept drawing on both FIRO flood operations and FIRO water supply based operations.  This is similar to what Lake Mendocino is pursuing in their Final Viability Assessment for water supply improvement and how lake Folsom uses inflow forecasts for a variable top of conservation for flood risk reduction. The preliminary concept of the “FIRO Space” is really an increased area of reservoir operation during certain times of year to allow for more flexible water management that is informed by time of year and forecasts. The different colored areas of show ranges of flexible operations using forecasts to support FIRO applications of  flood risk reduction and/or water supply availability improvements.The areas shaded in blue and purple are a focus of the FIRO analyses, target flood risk reduction objectives while also considering impacts to water availability in the reservoir post storm events. This is one of the main areas the FIRO Viability Assessments will be looking to investigate and provide inputs to the WCM updates



Reducing Peak Flows During Flood Events

Presenter
Presentation Notes
As an example of using FIRO flood operations, this comparison shows the blue line the actual flow measured at the Feather river below the confluence of the Yuba river, during the 1997 flood…and the red line, a preliminary simulation of the same event with FIRO and Secondary Spillway under a coordinated Oroville and New Bullards Bar operation. As you follow the red line you will see the increased amount of water released ahead of the main part of the storm allowing for a decrease in peak flows around January 2nd and 3rd when compared to the historical event.  There is a potential to decrease peak river levels by 2 and a half feet, dramatically reducing the flood risk. Regional benefits of increased flexibility of combined operations of Oroville and New Bullards Bar under an enhanced F-CO.Applying Forecast-Informed Reservoir Operations to a Flood of Record On New Year’s Day 1997, after weeks of steady rain and snowfall, a powerful atmospheric river storm hit California and. brought heavy, sustained rainfall and rapid snowmelt, causing levee breaks on the Feather River. If FIRO had been in place at Lake Oroville and New Bullards Bar, including a planned secondary spillway at New Bullards Bar, reservoir releases could have started up to 48 hours sooner. This action may have reduced downstream water levels near the Yuba-Feather confluence by 2-3 feet on levees. This comparison shows the Feather River below the confluence of the Yuba River during the 1997 flood (blue line that peaks above 300,00 cubic feet per second) and a simulation of the potential decrease in the peak river level with FIRO in place (red line that plateaus around 240,000 cubic feet per second).
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New Bullards Bar Dam Secondary Spillway

Stage Reduction: Reduction 
in hydraulic loading on levees, 
minimize risk undermining and 
piping

Example: 2.5 feet of stage 
reduction at high river levels is 
equivalent to ~60,000 cfs of 
flow on the Feather River

Presenter
Presentation Notes
Why is a lower stage level important related to downstream flood protection? The stage reductions dramatically reduce the hydrostatic stresses on the levees. Historically many levee failures have not occurred to overtopping but due to piping and undermining due to the strains from the pressure of the water in the channel. Lowering the river stage during flood reduces this pressure and extends the effectiveness of the levee protection and local, state and federal investments in levee improvements over the past 2 decades. 



Building Climate Change Resiliency

Presenter
Presentation Notes
How is the Secondary Spillway important as relates to climate change?On average, California already has a thee most variable climate in the United States.To illustrate this we only need to look at the pattern over the last decade. From 2012-15 California experienced one of the worst droughts since the 1970’s. In 2017 the climate pendulum swung the other way and we had the most precip since records were kept in areas of Northern CA. In 2021 CA is now entering another drought that could potential be worse than the one only a few years ago. Climate change forecasts indicate periods of wet and dry extremes may increase in magnitude and frequency, Essentially, the wet periods will be getting wetter, and the dry periods will be getting drier.Overall temperatures will likely become warmer, allowing for more precipitation to fall as rain vs. snow, especially in flood events. Rain and warm winds at higher elevations during future Atmospheric Rivers may contribute to additional melting of snowpacks, further increasing flood potentialBy using FIRO and the latest technologies in Forecasting, the Secondary Spillway can release water days ahead of these large flood events, thus minimizing the impacts to downstream communities. It can also be used to better manage storage at higher levels in the reservoir during drier periods.  The spillway acts as a climate resiliency tool that when coupled with FIRO operations, can help mitigate the impacts now and into the future. ----------------------------------------------------------Climate change is being observed currently and will continue to challenge our infrastructure going forward. These conditions lead us to believe it is very important to build the Secondary Spillway now in order to be more climate resilient when these flood events occur. 



Forecast-Informed Reservoir 
Operations (FIRO)

• Improves forecasting for more adaptive 
water management strategies

• Informs updates to reservoir operational 
rules to use forecasts and improve flexibility

• Benefits include reduced flood risk, 
potential water availability improvements, 
and climate change resilience

• Enhances benefits of infrastructure 
improvements such as New Bullards Bar 
Secondary Spillway

• Promotes collaboration and trust between 
federal, state and local reservoir operators 

Presenter
Presentation Notes
FIRO is truly using the latest and best science and technology. Our collective partnership with Scripps, and others is moving the needle with forecast improvement and confidence in forecasting that we rely on for our operations. FIRO emphasizes flexibility in water operations and will allow us to get the most value out of the existing and future infrastructure, improving public safety and water management capability. The “software and hardware” of FIRO and the Secondary Spillway complement each other with additive benefits when operating with both under updated WCM’s.Finally, The Yuba Feather FIRO program supports continued strengthening of institutional trust and partnerships between our organizations such as DWR, the Army Corps and CW3E. Enhancing these partnerships and improving technology and flexibility into operations is essential to adapting and managing our resources now and into the future.Thanks again for the opportunity to present and we can take any questions you may have. 



Questions?
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Follow us on social @yubawater
Visit our website at yubawater.org
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