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GLOSSARY OF TERMS AND ACRONYMS 
 

TERM ACRONYM DEFINITION 
Acre feet  An acre-foot is a unit of volume in 

reference to large-scale water 
resources, such as reservoirs and river 
flows, equal to one acre of water one 
feet deep. 

Atmospheric River AR Relatively narrow regions in the 
atmosphere that are responsible for 
most of the horizontal transport of 
water vapor outside of the tropics. 

Bureau of Reclamation BOR Federal water management agency 
California Department of Water 
Resources 

DWR State water management agency 

California Data Exchange Center CDEC A centralized location to store and 
process real-time hydrologic 
information gathered by various 
cooperators throughout the State. 

California Nevada River Forecast Center CNRFC Division of NWS that forecasts floods 
and other river conditions. 

CalWater  A field campaign focusing on the roles 
played by ARs and aerosols in the 
variability of water supply and extreme 
precipitation on the West Coast. 

Center for Western Weather and Water 
Extremes 

CW3E Research center based at Scripps 
Institute of Oceanography, UC San 
Diego. 

Community Hydrologic Prediction System CHPS Used by CNRFC to conduct 
operational hydrologic forecasting. 

Cubic Feet per Second CFS A water flow of one cubic foot passing a 
measurement point in a second. 

Coyote Valley Dam CVD Dam that created Lake Mendocino 
Lake Mendocino FIRO Decision Support 
System 

LM-FIRO DSS An information and analysis system 
using current and predicted conditions 
to analyze possible outcomes of 
reservoir operations decisions 

Encroachment  A structure or activity that changes the 
course, current or cross section of a 
body of water. 

Earth System Research Laboratory-
Physical Sciences Division 

ESRL-PSD Division of NOAA that conducts weather 
and climate research to observe and 
understand Earth's physical 
environment, and to improve weather 
and climate predictions. 

https://en.wikipedia.org/wiki/Volume
https://en.wikipedia.org/wiki/Reservoir_(water)


Engineer Research and Development 
Center 

ERDC Division of USACE that conducts 
research and development in support of 
the soldier, military installations, and 
the USACE civil works, as well as for 
other agencies. 

European Centre for Medium-Range 
Weather Forecasts 

ECMWF European intergovernmental 
organization that provides medium 
range forecasts. 

Forcing  The external forces that act upon the 
meteorological and hydrological system 
to cause changes in those systems. 
Precipitation and temperature are 
examples of forcing’s that cause 
changes in the Russian River watershed, 
leading in some cases to floods. 

Forecast Informed Reservoir Operations FIRO A management strategy using 
monitoring data and improved 
forecasting to flexibly operate 
reservoirs. 

Global Ensemble Forecast System GEFS A weather forecast model that attempts 
to quantify the amount of uncertainty in 
a forecast. 

Hydrologic Engineering Center HEC The designated Center of Expertise for 
the USACE in surface and groundwater 
hydrology, river hydraulics and sediment 
transport, hydrologic statistics and risk 
analysis, reservoir system analysis, 
planning analysis, real-time water 
control management and closely 
associated technical subjects.” 

Hydrologic Engineering Center-Flood 
Impact Analysis 

HEC-FIA A software package that analyzes the 
consequences from a flood event, by 
calculating damages to structures and 
contents, losses to agriculture, and 
estimating the potential for life loss. 

Hydrologic Engineering Center-Reservoir 
Simulation System 

HEC-ResSIM A model for simulating reservoir system 
operation, given observed and 
forecasted inflows and a reservoir 
operation policy. 

Integrated Water Resources Science and 
Services 

IWRRS Consortium of federal agencies with 
water resources missions. 

Lake Mendocino Water Supply Manual Manual USACE document that prescribes 
operations of Lake Mendocino, including 
releases. 

Lake Mendocino Rule Curve Rule Curve A graph that depicts prescribed 
reservoir releases, based on date and 
water levels. 



Mendocino County Russian River Flood 
Control and Conservation Improvement 
District 

Mendocino 
County Flood 
District 

Water supplier in Mendocino County. 

National Integrated Drought Information 
System 

NIDIS A federal nexus of drought 
information, policy and research for 
drought monitoring, forecasting, and 
early warning. 

National Centers for Environmental 
Prediction 

NCEP Division of NWS that determine data 
requirements, data processing 
techniques, and presentation methods 
for products distributed to users of 
climatic, hydrologic, meteorological, 
space weather, and oceanographic 
information. 

National Oceanic and Atmospheric 
Administration 

NOAA Federal agency responsible for 
protecting marine and coastal resources 
and for understanding climate, weather, 
and oceans. 

NOAA’s Habitat Blueprint Habitat 
Blueprint 

A framework for NOAA to think and 
act strategically across programs and 
with partner organizations to 
address the growing challenge of 
coastal and marine habitat loss and 
degradation. 

National Weather Service NWS Division of NOAA that provides weather, 
water, and climate data, forecasts and 
warnings. 

National Marine Fisheries Service NMFS Division of NOAA responsible for 
protecting marine resources. 

Numerical Weather Predictions NWP Uses mathematical models of the 
atmosphere and oceans to predict the 
weather based on current weather 
conditions. 

Office of Oceanic and Atmospheric 
Research 

OAR Division of NOAA that focuses on 
research of systems that support the 
planet. 

Potter Valley Project PVP A hydroelectric project owned by Pacific 
Gas & Electric that diverts water from 
the Eel River to the Russian River 
watershed through Lake Mendocino. 

Ramping rate  The rate at which discharge from a 
powerhouse or dam changes. 

Reservoir Simulation System ResSim See “HEC-ResSIM” 
Sonoma County Water Agency Water Agency Wholesale water supplier in Sonoma 

and Marin counties. 

https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Weather_forecasting
https://en.wikipedia.org/wiki/Weather_forecasting


US Army Corps of Engineers USACE The U.S. Army Corps of Engineers 
delivers engineering services to 
customers in more than 130 countries 
worldwide. The agency owns and 
operates Lake Mendocino for flood 
control and recreation. 

US Geological Survey USGS Federal mapping agency that collects, 
monitors, analyzes, and provides 
scientific understanding about natural 
resource conditions. 

Warm Springs Dam WSD Dam that created Lake Mendocino 
Weather Research and Forecast model WRF A numerical weather prediction system 

designed for both atmospheric research 
and operational forecasting needs. 
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Forecast Informed Reservoir Operations (FIRO) for Lake Mendocino 
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Executive Summary 
As California reels from a drought of historic proportions, water suppliers and policy makers 
have been exploring ways to increase water storage. The debate over new dams has raged in 
California for several decades, and even if policymakers agreed today to build additional 
reservoirs it will likely be another decade before anything is constructed. 
 
Another storage solution is to maximize the use of existing reservoirs, while not 
compromising their critical flood control functions. Flood control managers are 
understandably wary of filling a reservoir until they are certain that another major storm won’t 
arrive. As a result, California reservoirs often enter the dry season only partially filled. If water 
managers had more accurate information about upcoming storms (or the lack of storms) and 
the watershed’s capacity to hold water, they could adjust water levels in reservoirs to maximize 
both water supply and flood control functions with greater confidence.  
 
Forecast Informed Reservoir Operations (FIRO) is a management strategy that uses data from 
watershed monitoring programs and improved weather and water forecasting to help water 
managers selectively retain or release water from reservoirs in a flexible manner that more 
accurately reflects prevailing and anticipated conditions. FIRO represents an innovative use of 
emerging science and technology to optimize limited resources and relieve potential impacts of 
climate change without building expensive new reservoir infrastructure. 
 
The goal of FIRO is to enable modest adjustments from standard flood control guidelines when 
there are minimal risks of adverse impacts of such deviations to improve water supply and 
environmental outcomes without diminishing flood protection or dam safety.  Examples where 
FIRO can have tangible benefits include: 
 

Drought mitigation scenario - when recent storms have caused moderate-to-high 
reservoir levels, but no major precipitation is predicted for several days, water is 
retained at higher levels than currently allowed (unless a new storm appears before 
spring refill) to provide adequate supplies during the summer; 
Flood mitigation scenario - when a storm is predicted to be intense enough to risk 
flooding, or the watershed is known to be saturated, water could be released from the 
reservoir to lower reservoir levels below what is currently allowed (as long as 
confidence is high that the storm will at least refill the reservoir to the level of the 
standard conservation pool). 
Ecosystem benefits - increased reservoir storage can improve the timing and volume of 
releases so as to improve water quality conditions and reliable stream flow for federally-
listed salmonids.   



The vision is simple: FIRO will help increase flexibility in reservoir operations to benefit flood 
control and water supply operations and to enhance fisheries habitat. The mission is 
straightforward:  Carry out a proof-of-concept viability assessment using Lake Mendocino as a 
model and develop a process that can be used to possibly test FIRO at other reservoirs. 
 
The purpose of this work plan is to develop a framework for evaluating whether it is viable to 
better utilize forecasting capabilities to increase storage in Lake Mendocino, which provides 
water supply, flood protection, flows for federally listed threatened and endangered salmonids 
and other aquatic resources, and recreation. The work plan describes current technical and 
scientific capabilities and details technical/scientific programs that will support demonstration 
and development of FIRO with the goal of improved reservoir management.  The effort will 
produce a preliminary viability assessment in early 2016 that can be used to inform a response 
to a likely request for a “minor deviation” to store more water before spring refill 2016.  The full 
viability assessment will be completed in roughly 5 years after completion of the full program of 
activities described within this workplan.  It is envisioned that the full viability assessment could 
inform a request for a future “major deviation” in Lake Mendocino operations. 
 
The FIRO Steering committee (see Appendix A), formed in 2014 and consisting of 
representatives from federal, state and county agencies as well as the University of California-
San Diego (Scripps Institution of Oceanography, Center for Western Weather and Water 
Extremes) is undertaking a preliminary viability assessment according to the following steps: 

   
- Develop evaluation criteria and methodology 
- Develop evaluation scenarios 
- Evaluate model results 
- Evaluate FIRO viability (preliminary) and assess benefits 
- Develop implementation strategies 
- Carry out technical and scientific research necessary to support Lake Mendocino FIRO 

viability assessment and potential implementation of FIRO  
 
This results of this work plan should inform decisions that need to be made to further explore 
the viability of the FIRO approach with the ultimate goal of improving water resources 
management in the Russian River Basin.  For a fact sheet on this effort, see Appendix B.  
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SECTION 1 INTRODUCTION 
 
Lake Mendocino is located on the East Fork of the Russian River in Mendocino County, 
California.  Created in 1958 by the Coyote Valley Dam (CVD), it provides flood control, water 
supply, recreation and stream flow regulation.  The U.S. Army Corps of Engineers (USACE) owns 
and operates the dam in accordance with the Lake Mendocino Water Control Manual (1959, 
revised in 1986).   Sonoma County Water Agency (Water Agency) is the local partner that 
manages water stored in Lake Mendocino for water supply.  

 
Figure 1.0. Map of Russian River watershed, including Sonoma County Water Agency 
transmission system. Source:  Sonoma County Water Agency. 
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The Lake Mendocino Water Control Manual (Manual) specifies elevations for an upper volume 
of reservoir storage that must be kept available for capturing storm runoff and reducing flood 
risk and a lower volume of storage that may be used for water supply.  During a flood event, 
runoff is captured by the reservoir and released soon after to create storage space for another 
potential storm.  The Manual is based on typical historical weather patterns– wet during the 
winter, dry otherwise. 
 
The Challenge:  The Manual utilizes gross estimates of flood potential to establish reservoir 
storage and release requirements.  It does not account for changing conditions in the 
watershed—for example, increased variation in dry and wet weather patterns and reductions 
to imported flows into the Lake that have occurred since 1986.  Also, the Manual’s reservoir 
operations procedures were developed decades ago, without the benefit of current science 
that more accurately predicts weather and streamflow.   
 
Given reduced supplies, changed hydrologic conditions, and technological advances, some 
adjustments to the current reservoir operating procedures may be possible to optimize the 
goals of maintaining flood control while bolstering water supply reliability for downstream 
users and the environment (e.g., to support recovery of endangered and threatened 
salmonids).  Modern observation and prediction technology could be used to reduce flood risk 
by supporting decisions of greater reservoir level drawdown in advance of storms.  Or, such 
technology might be used to improve supply reliability by permitting more storm runoff to be 
retained for water supply while still preserving flood risk reduction objectives.    
 

 
 
Figure 1.1.  Graph of Lake Mendocino Rule Curve. Water must be released from lake between 
November 1 and March 1, when water levels are above 68,000 acre feet. 
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For example, following an atmospheric river-type storm in December 2012, water was released 
to create flood space according to the Manual, dropping reservoir levels by more than 35%. 
2013 was the driest year on record, resulting in little inflow to refill the reservoir. By December 
2013 lake levels were extremely low and remained low through 2014. Ideally, water from the 
December 2012 event could have been retained based on a longer-term precipitation forecasts, 
lessening the impact of drought. 
 
The Potential Solution:  An interagency Steering Committee was formed to explore methods 
for better balancing flood control and water supply needs.  The committee, consisting of state 
and federal agencies, the Center for Western Water and Weather Extremes (CW3E) and 
Sonoma County Water Agency are working together on a preliminary viability assessment to 
determine if Forecast Informed Reservoir Operations (FIRO) at Lake Mendocino can improve 
water supply, maintain flood risk reduction, and achieve additional ecosystem benefits. Recent 
studies show the potential for improved predictability of atmospheric rivers, which provide 50% 
of the region’s precipitation and cause most of the Russian River’s floods. Also, recently 
developed modeling capabilities and detailed field studies have provided a greater 
understanding of the hydrologic processes and watershed conditions defining soil storage 
capacity and the relationship between runoff and recharge in the watershed that affects the 
reservoir inflow from rain invents. 
 
FIRO is a management strategy that uses data from watershed monitoring and modern weather 
and water forecasting to help water managers selectively retain or release water from 
reservoirs in a manner that reflects current and forecasted conditions. FIRO’s utilization of 
modern technology can optimize the use of limited resources and represents a viable climate 
change adaptation strategy. The goal of FIRO is to update standard flood control guidelines in 
order to improve water supply and environmental outcomes without diminishing flood risk 
reduction or dam safety. Examples of tangible benefits include: 
 

Improve Supply Reliability for Downstream Uses - When storms cause moderate-to-high 
reservoir levels, normal operation is to release water to re-establish flood control space. 
With FIRO, some of that water could be retained for future supply as long as no major 
precipitation is predicted for several days and it can be demonstrated that the retained 
water can be released past downstream flood prone areas before the arrival of the next 
storm.  This strategy will permit earlier supply capture in some years, improving summer 
season supply reliability for downstream water users and improving the timing and 
volume of releases to protect water quality and provide flows needed for recovery of 
salmonid populations.  
 
Enhance Flood Risk Reduction - When a storm is predicted to cause flooding, normal 
operations call for release of reservoir water and drawdown of water levels. With FIRO, 
release decisions would consider weather observations and predictions and the current 
watershed conditions, which, in some cases, would indicate greater drawdown for flood 
risk reduction so long as there is confidence that the amount of precipitation and runoff 
will restore reservoir levels for water supply after the storm. 
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Tangible Outcomes:  The full Lake Mendocino FIRO assessment will include identification, 
assessment and enhancement of the best science available to improve operations to maximize 
flood control, water supply and ecosystem benefits.  The evaluation will identify realistic, short-
term steps to provide more accurate and timely information about weather and watershed 
conditions. In addition to benefitting Lake Mendocino, the project has transferability potential 
throughout the western U.S.  Lake Mendocino is not the only reservoir facing challenges. Water 
managers nationwide are grappling with the triple challenges of water supply, flood protection 
and ecosystem health in the face of climate change. In the long-term, infrastructure solutions 
may be required. But in the short-term, changes in reservoir operations could result in better 
water management. Identifying and navigating the steps necessary to change reservoir 
operations can be intimidating. One goal of Lake Mendocino FIRO participants is to document 
and share a process that can be replicated in other communities.  
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SECTION 2 BACKGROUND 
 

2.1 Interagency Cooperation  
Project Team 
The FIRO Steering Committee, a multi-agency team, comprised of water managers (flood, water 
supply, and fisheries) and scientists (hydrology, weather/climate, modeling) has been formed to 
undertake the above-described evaluation (see Appendix A for list of FIRO Steering Committee 
members).   This team represents a collaboration among local, state, and federal agencies and 
could serve as a model for similar efforts for other facilities.  It will be critical that the project 
team continue to coordinate across their respective organizations during the demonstration 
study and subsequent activities.   This effort includes procuring funding for projects identified in 
the demonstration study. 

 
Working Group Participants/Projects 
Under the umbrella of the Integrated Water Resources Science and Services (IWRSS), a 
collaborative effort between NOAA, USACE and USGS, the FIRO Steering Committee is working 
with a larger working group to broaden input on and participation in the preliminary viability 
assessment to determine if FIRO can improve water supply, flood control and ecosystem 
benefits at Lake Mendocino. The interests of each of the primary agencies are described below. 
 
The Sonoma County Water Agency (Water Agency) is motivated by the possibility of more 
water available for water supply – especially in dry years when lake levels are extremely low. 
The Water Agency has been working actively with many of the FIRO partners for several years 
on a variety of projects, and is also interested in furthering transfer of science-based 
information to systems nationwide that face similar challenges. 
 
The USACE is motivated by the possibility of updating a rule curve that was developed in the 
1950s (with some modifications in the 1980s) that no longer accurately reflects current 
conditions. In addition, better forecasting could provide the USACE critical information during 
large storms, possibly allowing greater flexibility to drop water levels below the rule curve to 
help prepare for imminent flood events.  
 
National Atmospheric and Oceanic Administration (NOAA) has several interests: the Russian 
River Watershed is designated as a Habitat Focus Area under NOAA’s Habitat Blueprint; its 
National Marine Fisheries Service (NMFS) is deeply involved in the recovery of three species 
that depend on the Russian River, endangered coho salmon, threatened Chinook salmon and 
steelhead trout; and NOAA’s Office of Atmospheric Research (OAR), and the California-Nevada 
Rivers Forecast Center (CNRFC) are directly involved in forecasting improvements in the region.  
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Figure 2.0 Photo of Lake Mendocino FIRO Working Group. August 2014. 
 

US Geological Survey (USGS) has been involved in hydrologic monitoring and research for over a 
decade in the Russian River watershed, including stream gage monitoring, development of soil 
moisture monitoring methods and integrated modeling of rainfall-runoff, soil moisture, and 
surface/ground water flow.  

The Corps and the Bureau of Reclamation (BOR) are cooperating on a similar project near 
Sacramento, CA (at Folsom Lake) and is interested in sharing information and processes. 

State and regional stakeholders are also involved, including the California Department of Water 
Resources (DWR), which has worked closely in the watershed on several projects. The 
Mendocino County Russian River Flood Control and Water Conservation Improvement District 
(Mendocino Flood Control District) also has rights to Lake Mendocino water, and helps 
represents the interests of other, smaller water districts and communities that depend on the 
lake for water supply. 

Finally, the CW3E, a non-governmental organization (NGO) affiliated with Scripps, is engaged in 
cutting edge meteorology (with a focus on atmospheric rivers) to help communities prepare for 
and adapt to climate change. Since atmospheric rivers produce about 50 percent of the rainfall 
in the Russian River watershed, CW3E’s involvement provides important data. 

Many of these agencies already work together on projects in the watershed that are focused on 
developing better data and information sharing, including the Habitat Blueprint, the National 
Integrated Drought Information System (NIDIS) and NOAA’s Hydrometeorology Testbed (HMT). 
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Through years of cooperative projects, these and an extended list of partners in the Russian 
River watershed have developed a high-level of understanding and trust. The watershed is 
isolated from large state and federal water projects, which allows it to serve as a low-risk “test 
site” for innovative projects. This trust and the willingness to experiment provide a foundation 
for a process that requires agencies to work cooperatively and outside of traditional silos. 
 
Several federal agencies, including NOAA, USACE, BOR and USGS, deal with water science, 
water management and water supply issues. Three initiatives are particularly relevant to FIRO, 
and have contributed to the information sharing that helped launch Lake Mendocino FIRO: 
 

• Integrated Regional Water Science and Services (IWRSS) 
• NOAA’s Habitat Blueprint: Russian River Habitat Area 
• National Integrated Drought Information System (NIDIS) 

 
The IWRSS, NOAA’s Habitat Blueprint, and NIDIS have similar missions directed to 
understanding climate, weather, water availability and the resources and the people who are 
affected by them.  The three initiatives work across various federal and state and local agencies 
to share resources to help solve water resource issues at various scales.  Collectively, they 
provide a strong conduit for bringing critical issues to the attention of agency leadership, 
stakeholders and partners.   All three initiatives have identified the Russian River as an area to 
focus these efforts to serve as an example for the rest of California.  This section briefly 
describes these initiatives, participants, and interconnections. 
 
Integrated Regional Water Science and Services (IWRSS) 
In 2009, a consortium of NOAA, USACE, and USGS, began working together to improve “the 
flow of information across organizational and geographic boundaries and to establish a shared 
comprehensive view of the water resources landscape – a common operating picture. The 
design involves boosting collaboration efforts across these same boundaries and working to 
improve modeling and synthesis, and produce a new, comprehensive and consistent suite of 
high-resolution water resources analyses and prediction information. And it involves a full-court 
press to engage the water resource management community and other key stakeholders, to 
work closely with them on multiple fronts to make sure we’re useful.” 
 
“The IWRSS project is designed to demonstrate some basic capabilities nationally, and to 
demonstrate regionally a more intensive and comprehensive package – working towards an 
integrative water resources information system that knits together water resources 
information, products and services across geographic and organizational scales.” 
(IWRSS: An Integrated and Adaptive Roadmap for Operational 
Implementation).(http://www.nws.noaa.gov/oh/nwc/IWRSS_ROADMAP_FINAL.pdf) 
 
The Russian River watershed was chosen as one regional location to pilot the IWRSS process, 
and in 2013, a regional “Extreme Events” workshop was held. The workshop brought together 
nearly 100 stakeholders with the goal of assessing extreme weather events (floods and 
droughts) and identifying information gaps to better predict and respond to these events. 
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Three primary areas of concern were identified in the 2013 workshop, and in 2014, IWRSS 
worked with the Water Agency on a second workshop where participants chose to focus on 
modeling capability, data-sharing and FIRO for Lake Mendocino. The FIRO group left that 
meeting with the goal of holding a summer workshop to further explore the challenges, 
opportunities and gaps associated with integrating forecast and current watershed condition 
information into the decision process for reservoir and water management.  A planning 
committee was created, which included representatives from IWRSS agencies, the Water 
Agency, CW3E and the DWR. 
 
Habitat Blueprint 
NOAA’s Habitat Blueprint provides a forward looking framework for the Agency to think and 
act strategically across programs and with partner organizations to address the growing 
challenge of coastal and marine habitat loss and degradation. The goal of the Habitat Blueprint 
is to increase the effectiveness of NOAA’s efforts to improve habitat conditions for fisheries, 
coastal and marine life, along with other economic, cultural, and environmental benefits. 
NOAA’s expertise in flood and weather forecasting, integrated monitoring, habitat protection 
and restoration, stakeholder education, and coastal and ocean planning and management are 
critical to addressing issues within the Russian River Watershed.  Hence, in December 2012, the 
Russian River watershed was chosen as the first Habitat Focus Area under NOAA’s Habitat 
Blueprint.  

The objectives identified in the Russian River Habitat Focus Area include: 

• Rebuilding endangered and threatened fish stocks to sustainable levels 
through habitat protection and restoration. 

• Improving frost, rainfall, and river forecasts in the Russian River watershed through 
improved data collection and modeling. 

• Increasing community resiliency to flooding damage through improved planning and 
water management strategies. 

National Integrated Drought Information System (NIDIS) 
NIDIS was created through bipartisan efforts in Congress in 2006 (Public Law 109-430) as the 
nexus of drought information, policy and research for drought monitoring, forecasting, and 
early warning. NIDIS is a dynamic and accessible drought risk information system that provides 
users with the capacity to determine the potential impacts of drought, and the decision support 
tools needed to better prepare for and mitigate the effects of drought. NIDIS promotes 
collaboration among government agencies, states, communities, Tribes, and individuals at all 
levels to share information about drought, and provide resources for planning, forecasting, 
managing, and recovering from drought. 
 
The NIDIS partnership provides leadership and networking among all sectors to plan for and 
cope with the impacts of drought, supports research on the science of drought, including 
indicators, risk assessment and resilience, creates location-specific early warning systems for 
drought management, and develops educational resources, interactive systems and tools to 
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assist communities in learning about and dealing with drought. The NIDIS Reauthorization Act 
of 2014 expanded the original mandate for research, monitoring, and forecasting to enhance 
the predictive capability of the length and severity of droughts to also consider the role of 
extreme precipitation events in reducing the severity or ending drought conditions. 
 
The Russian River pilot activity began in 2012 and following two workshops with interested 
stakeholders identified the concept of extremes as the key factor that will guide the decisions 
regarding drought preparation, education, and resource management. Because the region 
relies on two major reservoirs for water supply and is obligated to maintain environmental 
flows for fisheries, drought is defined by the reservoir in the upper watershed, Lake Mendocino. 
Successful NIDIS implementation involves defining indicators and triggers, early warning 
criteria, and community involvement and education. Recent funding from NOAA has enabled 
CW3E, NOAA, USGS, and the Water Agency to begin working together to develop drought 
scenarios and further atmospheric river research to inform the development of a stakeholder 
driven drought readiness plan for the Russian River. 

2.2 Russian River Watershed 
The Russian River is a primary water supply for Mendocino, Sonoma and Marin counties.  The 
Water Agency is a wholesale supplier of water from the Russian River to urban areas in Sonoma 
and Marin counties, serving over 600,000 people.  In addition, the Russian River and adjacent 
alluvial aquifers provide the water supply for several cities, communities, rural residents, and 
agriculture in the watershed.  The Russian River and tributaries also support three salmonid 
species listed under the state and federal Endangered Species Act.  A brief description of key 
characteristics of the Russian River watershed are provided here for context, including 
predominant weather conditions controlling the hydrometeorology, as well as the physiology, 
hydrology and key water management facilities and operations. 

Weather and Climate of the Russian River Area 
The Russian River watershed is influenced by its proximity to the Pacific Ocean and its year is 
divided into wet and dry seasons. About 93 percent of the annual precipitation normally falls 
from October to May. Winters are cool, and below-freezing temperatures seldom occur and 
snow does not normally accumulate anywhere in the watershed for more than a short period.  
Average annual precipitation ranges from about 35 to 80 inches, with amounts generally 
increasing with elevation.  Much of this rain, occurs in just a few atmospheric river storms (AR) 
each year.  ARs provide 40-50% of that rainfall (Dettinger et al. 2011; Ralph et al. 2013). These 
highly productive AR storms are key to ending droughts (in wet seasons) in the area since 1950 
(i.e., 60% of droughts were “busted” by ARs; Dettinger 2013). 
 



2-6 | P a g e  
 

  
Figure 2.1. Image of an atmospheric river over the Pacific making landfall over the Russian 
River, and its hydrologic impacts seen from satellite-observed water vapor offshore and USGS 
streamgage data onshore (dots) (Ralph et al. 2006, Geophys, Res. Lett.) 

Although ARs beneficially provide a large share of the overall water resources, they can cause 
flooding when they are strong and stall over the area. Historically, 87% of all (39) declared 
floods since 1948 were driven by winter ARs (Ralph et al. 2006).  Thus the water resources, 
floods and droughts of the Russian River basin are closely, but complexly connected; historically 
in a majority of cases, the connection has been in the form of a land-falling AR.   Drought in 
Northern California is not uncommon (Dettinger et al. 2011), but the high pressure blocks that 
are involved derive from multiple forms of climate variation and atmospheric circulation, and 
may occur within both phases of ENSO (el Nino-Southern Oscillation) (e.g. Namias 1978; 
Dettinger et al. 1998; Cayan et al. 1998).  AR events, which may prevent or defeat prolonged 
dry spells (Dettinger 2013) can be influenced by phases of ENSO.  

Physiography and Hydrology 
The Russian River watershed drains an area of 1,485 square miles that includes much of 
Sonoma and Mendocino counties.  The watershed is located within the North Coast Ranges 
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geomorphic province of California.  It is 110 miles in length and flows generally southward and 
then westward to the discharge point at the Pacific Ocean, 20 miles west of Santa Rosa.  The 
river has several tributaries of varying size that contribute flow, primarily during the winter and 
spring.  The watershed is bounded by the coastal mountain ranges with elevations ranging up 
to 3,500 feet above sea level.  Land use in the watershed is generally rural agricultural with 
several urban/residential areas as shown on Figure 2.2. 

 

Figure 2.2. Map of Russian River watershed depicting developed and undeveloped areas by land 
type. Source:  North Coast Resource Partnership, using USGS land use data. 
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The Russian River exhibits “flashy” hydrology with generally lower summer and fall flows 
(below 200 cubic feet per second) primarily from reservoir releases and elevated natural flow 
during the wet season (typically November through April) punctuated by rapidly increasing 
short-term high flow events resulting from extreme storms events, mostly ARs.  The flood of 
record occurred in February, 1986, when flows at Guerneville reached 102,000 cubic feet per 
second.  Since the completion of Coyote Valley Dam in 1958, the upper Russian River has 
reached flood stage at the Hopland discharge gage nine times (16% of the years) and at the 
Healdsburg gage six times (11% of the years).  Since the completion of Warm Springs Dam in 
1983 the Russian River at the Guerneville gage in the lower river has reached flood stage 12 
times (39% of the years).  

Water Management Facilities and Operations 
Two federal projects impound water in the Russian River watershed: the Coyote Valley Dam 
(CVD) on the Russian River (forming Lake Mendocino), and the Warm Springs Dam on Dry Creek 
(a tributary of the Russian River) in Sonoma County (forming Lake Sonoma). Because the Water 
Agency was the local sponsor for the dams and partially financed their construction, it has the 
right to control releases from the water supply pools of both reservoirs. PG&E’s Potter Valley 
Project, discussed below, imports water from the Eel River into the Russian River watershed. 

Lake Sonoma and Lake Mendocino and their associated facilities, collectively referred to as the 
Russian River Project, are operated in accordance with criteria established by the State Water 
Resource Control Board’s Decision 1610, which established minimum instream flow 
requirements for Dry Creek and the Russian River.  The Water Agency makes no diversions from 
the Russian River between Lake Mendocino and the Russian River's confluence with Dry Creek, 
but does authorize diversions by others under its water rights permits. Flood management 
releases from both reservoirs are controlled by the USACE.  The Water Agency diverts water 
from the Russian and conveys the water via its transmission system to its customers. 

Lake Pillsbury and the Potter Valley Project (PVP) 

PG&E’s PVP, constructed in 1908, diverts water from the Eel River into the Russian River 
watershed. Water is stored in Lake Pillsbury (constructed for the PVP in 1922) on the Eel River, 
then moves through a diversion tunnel to the Potter Valley powerhouse in the Russian River 
watershed. The water is discharged from the powerhouse into a canal from which the Potter 
Valley Irrigation District diverts water.  The water then flows into the East Fork of the Russian 
River to Lake Mendocino. PVP diversions are regulated by a license issued to PG&E by the 
Federal Energy Regulatory Commission (FERC) and serve multiple purposes, including power 
generation, Potter Valley agricultural irrigation, and minimum instream flow requirements in 
the East Fork of the Russian River.  PG&E’s license was amended in 2004, resulting in significant 
reductions to PVP diversions starting in 2006, resulting in lower inflow to Lake Mendocino. 
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Lake Mendocino and Coyote Valley Dam (CVD) 
CVD impounds water, forming Lake Mendocino on the East Fork of the Russian River. Lake 
Mendocino has operated since 1959 and captures water from two sources: (1) runoff from a 
drainage area of approximately 105 square miles and (2) Eel River water diverted by PG&E’s 
PVP. Natural drainage and stream flow (as opposed to reservoir releases) contribute the 
majority of the Russian River flow downstream of CVD and above Dry Creek during the rainy 
season (November through April). In contrast, during the drier months of May through October, 
water released from Lake Mendocino accounts for most of the water in the Russian River 
upstream of Dry Creek.  The Water Agency and the Mendocino Flood Control District have 
water right permits authorizing storage up to the design capacity of 122,500 acre-feet per year 
(ac-ft/yr) in the reservoir. The water supply pool capacity of Lake Mendocino is currently 68,400 
ac-ft. The Water Agency controls releases from the water supply pool in Lake Mendocino. 
However, the USACE manages flood control releases when the water level exceeds the top of 
the water supply pool elevation. The USACE allows the Water Agency to encroach into the flood 
pool in the spring so that the summer water supply pool can be increased to 111,000 ac-ft. 

Lake Sonoma and Warm Springs Dam 
Water stored behind Warm Springs Dam, completed in 1983, forms Lake Sonoma.  It captures 
runoff from a drainage area of approximately 130 square miles on Dry Creek, a major tributary 
of the Russian River.  It has a design capacity of 381,000 ac-ft at the spillway crest and a design 
water supply pool capacity of 245,000 acre-feet.  The Water Agency controls water supply 
releases from Lake Sonoma and the USACE manages flood control releases. Releases from the 
dam flow into Dry Creek, which meets the Russian River 14 miles downstream. 

Natural drainage and stream flow (as opposed to reservoir releases) contribute the majority of 
the Dry Creek flow downstream of Warm Springs Dam during the rainy season. During the dry 
season, reservoir releases contribute the majority of the flow in Dry Creek. Such reservoir 
discharges supply flow to meet minimum instream flow requirements and municipal, domestic, 
and industrial demands in the lower Russian River area. Water released from Lake Sonoma and 
runoff from other tributaries contribute to meeting these demands. 

2.3 Water Management Challenges 
There are multiple, significant challenges associated with the operation of CVD.  This section 
outlines challenges associated with water supply, flood control and ecosystem management.  A 
key challenge is illustrated in Figure 2.3, below. It shows how, 2004-2014 the reservoir has not 
been able to refill in the spring. 
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Figure 2.3.   Graph illustrating June 2015 water level at Lake Mendocino (black line), courtesy of 
Sonoma County Water Agency.  Atmospheric river storms in early December and February 
brought water level up to roughly normal for 1 March.  However, very little precipitation and 
inflow occurred after that, which has been common in the past several years.  Thus the reservoir 
has been unable to refill to provide adequate water supply through the dry summer [Water year 
2014 (green line) and average of Water years 2004-2014 (blue line)]. 
 
Water Supply Management  
The Water Agency is the local sponsor for Lake Mendocino and controls and coordinates water 
supply releases from the CVD. There are several water supply challenges, including minimal 
coordination with people who use water downstream; a federal biological opinion that requires 
flow changes; an out-of-date rule curve for determining flows; and reduced inflows from the Eel 
River watershed. 

The Water Agency controls water releases from CVD in accordance with its water rights permits 
and provisions of Decision 1610 (Appendix D), which the State Water Resources Control Board 
(State Water Board) adopted on April 17, 1986.  The Water Agency’s permits authorize 
diversions to storage in Lake Mendocino, re-diversions of water released from storage and 
direct diversions at points downstream.  The Water Agency makes releases from CVD to:  (1) 
meet downstream demands of agricultural and residential water users and several public and 
municipal systems; and (2) maintain minimum in-stream flows in the upper river to its 
confluence with Dry Creek.  These minimum flow requirements vary based on the hydrologic 
year type, which are also prescribed as a hydrologic index specified by Decision 1610.  There is 
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little to no coordination between water diverters below Lake Mendocino, nor between water 
diverters and the Water Agency. The Water Agency’s operations are also subject to the Russian 
River Biological Opinion issued by the National Marine Fisheries Service on September 24, 2008. 
 

The hydrologic year type for the Russian River system is based on cumulative inflow into Lake 
Pillsbury, which is located on the upper Eel River and was formed in 1921 by the construction of 
Scott Dam (Figure 7).  This hydrologic index is not located in the Russian River watershed and 
reflects Lake Mendocino’s dependence of PG&E’s Potter Valley Hydroelectric Project (PVP). 
Lake Pillsbury is part of the PVP, 9.4 megawatt storage and diversion project, that has been in 
operation for more than 100 years. PG&E’s operation of the project results in an inter-basin 
transfer of water from the upper Eel River into the East Branch Russian River across a natural 
divide. 

 
Figure 2.4. Photo of Scott Dam on the South Fork Eel River. Source: Sonoma County Water 
Agency. 
 
Since 2006, the diversion through PVP has averaged 72,000 acre-feet annually, representing a 
significant reduction of inflow into Lake Mendocino.  Furthermore, much of the reduction in 
PVP diversions since 2006 is a result of the amended license significantly constraining PVP 
operations during the spring.  Reduced inflow from PVP during the spring directly conflicts the 
with Lake Mendocino’s design as a smaller reservoir with an increasing water supply pool in the 
spring as flood risks decrease.  Further, modeling conducted by the Water Agency for the 2015 
Lake Mendocino Water Supply Reliability Report finds that Lake Mendocino will become 
increasingly unreliable in a variety of climate change scenarios. 

Flood Control Management   
CVD operations are governed by the Water Control Manual that dictates ranges of release flows 
depending on pool level, non-regulated flows in the Russian, damaging flood stages 
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downstream of the dam and on current releases. The rate-of-change (ramping) standards were 
developed as part of consultations with NMFS and from geotechnical considerations to prevent 
stranding fish and to minimize bank damage. In general, the operation is designed to store 
water during a flood event, then release soon thereafter to create storage space for another 
potential event. Seasonal differences in required flood space are the result of nearly 100 years 
of hydromet data, and are based on typical weather patterns -- wet during the winter, dry 
otherwise. Since much of the basin is not regulated by dam operations, the Water Control 
Manual is designed to prevent flooding when possible in the Hopland and Guerneville areas, 
and in concert with Warm Springs dam operations. See the attached water control diagram for 
specifics (Appendix E). 
 
Deviations from the water control manual are subject to review and approval by the USACE. On 
December 18, 2014, the South Pacific Division of the Corps issued a policy entitled; Engineering 
and Design Guidance on the Preparation of Deviations from Approved Water Control Plans.  This 
policy described the procedures for emergency, unplanned, and planned (minor and major) 
deviations to water control manuals.  Planned minor deviations are defined as follows:  “limited 
by 1) flood control pool elevation will not vary more than 2 feet from what would have been the 
water surface elevation under the approved Water Control Plan or ii) storage difference from 
approved Water Control Manual will not exceed 5% of the total storage.  Minor deviations 
should not last more than 10 days.  Longer minor deviation must be coordinated with the SPD 
Senior H&H/Water Control Engineer.”  The policy also states that for a planned major deviation, 
a risk and uncertainty analysis must be performed to determine potential consequences of the 
deviation.   

Environmental Resource Management 
The NMFS has issued two biological opinions that pertain to water storage in the Russian River: 
(1) the PVP Biological Opinion in 2002 (Eel and Russian rivers transbasin diversion); and (2) the 
Russian River Biological Opinion in 2008.  Project elements addressed in the Russian River 
Biological Opinion include operations and water supply releases at Warm Springs and CVD, 
flood control operations, channel maintenance (Water Agency and Mendocino Flood Control 
Agency), estuary/lagoon management, fish hatchery operations at Don Clausen Fish Hatchery 
and Coyote Valley Fish Facility, and other Water Agency diversion facilities and operations. 

Specific to Lake Mendocino and CVD operations, the Russian River Biological Opinion identifies 
three primary project elements impacting fisheries: (1) higher summer flows/velocity from CVD 
releases effecting juvenile steelhead rearing habitat in the upper main stem Russian River 
(modify Decision 1610); (2) chronic turbidity issues associated with Lake Mendocino discharge; 
and (3) water discharge ramping rates (up/down) and annual dam inspections (suspended 
releases to the East Branch Russian River).   

Other environmental resource management (fisheries) consideration regarding future 
operations at CVD include the cold-water pool management for juvenile steelhead rearing and 
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fall-run adult Chinook salmon within the upper mainstem Russian River, fall release flows for 
upstream migrating adult Chinook salmon during dry and critically dry fall/early winter periods, 
combined release strategies with Warm Springs Dam  influencing estuary and lower river flow 
conditions, and blockwater (amounts of water reserved for specific uses) allocations for critical 
and/or emergency fisheries management situations.  NMFS believes that improved reservoir 
water storage reliability within Lake Mendocino will afford more operational flexibility that can 
aid and enhance fisheries management.  Additionally, with improved forecast reliability, 
fisheries managers can better prepare for drought scenarios that impact hatchery operations 
and recreational fishing opportunities within the main stem Russian River. 

2.4 Current Capabilities  
A robust monitoring program is critical to provide operators and managers information on 
current watershed conditions and also to help inform models both for long-range planning and 
real-time operations.  There are currently several efforts underway to monitor watershed 
conditions, including river and tributary flow, soil moisture, precipitation, atmospheric rivers 
and water quality.  Similarly, a foundation of FIRO is the ability to forecast key conditions both 
in terms of hydrology, but also in terms of the meteorological and hydrologic and land surface 
conditions that drive the streamflow.  This section emphasizes the current state of monitoring 
and prediction.   
 
Flow Monitoring 
The U.S. Geological Survey (USGS) currently monitors flow at 27 gage sites within the Russian 
River basin.  Twelve of the gaging stations are on the mainstem of the Russian River and Dry 
Creek.  The Water Agency and the Corps use data collected from these stations to help inform 
and plan reservoir releases.  Additional flow monitoring stations have been installed and 
monitored by other entities such as non-governmental and private organizations, but data from 
these sites is typically not available on a real-time basis. 

Currently the distribution of gages downstream of Lake Mendocino is adequate to inform 
current water supply and flood operations of Coyote Valley Dam.  However, an ongoing issue 
associated with the gage site used to estimate releases from the reservoir is caused by 
backwater of the gage during periods of elevated flows downstream caused by natural runoff.   
This backwatering causes an overestimation of reservoir releases.   
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Figure 2.4.  Map showing Russian River stream monitoring stations. Sonoma County Water 
Agency. 
 
Water Quality: Water temperature, turbidity, and dissolved oxygen  
A thorough understanding of water quality conditions associated with seasonal changes in Lake 
Mendocino limnology is fundamental to developing flow prescriptions that support salmon and 
steelhead life histories downstream of Coyote Dam.  Essential parameters to achieve adequate 
water quality conditions below Lake Mendocino for salmonids include temperature, turbidity 
and dissolved oxygen.  Some of these water quality parameters are currently being monitored 
in the upper Russian River; however, data gaps need to be remedied in order to support a 
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comprehensive modeling framework designed to forecast Lake Mendocino discharge water 
quality conditions. 

The Water Agency funds the USGS to monitor water quality in real time at a number of gage 
sites in the Russian River Basin.  Additionally the Water Agency also independently monitors 
water quality at a number of locations along the Russian River and Dry Creek.  Data from these 
sites is not available in real time, but is downloaded every one to three weeks by Water Agency 
technicians.  These monitoring sites provide resource managers valuable data on ongoing 
conditions to help inform real-time operations.  These data have also been useful for the 
development of analytic tools such as the Water Agency's HEC-5Q water quality model, which is 
currently being used for the development and evaluation of management alternatives required 
under the Russian River Biological Opinion.   

An ongoing issue for river reaches downstream of Lake Mendocino has been highly turbid 
reservoir releases.  It is believed that during periods of sustained high releases, turbulent flow 
conditions around the outlet structure draw in fine sediment which is easily mobilized off of the 
bottom of the reservoir and result in highly turbid releases.  

More extensive monitoring of water quality conditions for reservoir inflow, stored water and 
outflow could lead to better understanding the causes of turbidity.  

Current upper Russian River water quality data collections sites:  
Water temperature: 

a. Russian River at Hopland  - USGG gage (11462500) 
b. Russian River at Cloverdale - USGS gage (11463000) 
c. Russian River at Jimtown - USGS gage (11463682) 
d. Russian River at Diggers Bend – USGS gage (11463980) 

Turbidity:  
e. East Branch Russian River near USGS gage (11461500) - Corps gage  
f. East Branch Russian River Coyote Dam outlet structure - Corps gage 
g.  West Branch Russian River at Lake Mendocino Drive - Corps gage 
h. Mainstem Russian River at Talmage – Corps gage 

 

In effort to better quantify seasonal changes in Lake Mendocino limnology and pervasive issues 
with high turbidity associated with reservoir releases, the following additions to existing 
monitoring are recommended: 

1) Monitoring of turbidity of inflow into Lake Mendocino at the USGS Calpella gage; 
2) Monitoring of temperature, dissolved oxygen and turbidity at the outlet structure with 

the deployment of a vertical array of 3 to 5 instruments to monitor conditions at 
discrete depths below water surface; and 
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3) Monitoring of temperature, dissolved oxygen, and turbidity just downstream of the 
outfall of the outlet structure. 
 

Data collected under these monitoring recommendations can be used to better understand the 
seasonal temperature and dissolved oxygen stratification and turnover of the reservoir as well 
as the ongoing issue of turbid releases which result in degraded habitat conditions 
downstream.  These data will be used to support and validate future comprehensive modeling 
efforts. 
 
Precipitation and Soil Moisture Monitoring in the Russian-Napa Watersheds 
The precipitation and soil moisture monitoring program in both the Russian and Napa  
watersheds is a collaborative project between ESRL-PSD, DWR, SCWA, USGS, and USACE. ESRL-
PSD is installing rain gauge and soil moisture monitoring sites above Lake Mendocino to 
monitor watershed conditions and augment the existing ESRL-PSD network in the Russian.  The 
soil moisture data will be used by the USGS to determine soil storage capacity to estimate 
runoff into the reservoir.  Rain gauge data will be used together with the S-PROF radars to 
improve precipitation monitoring in the watershed, especially above Lake Mendocino. 
Retrospective analyses of QPE during extreme precipitation events will be conducted and data 
sets provided to ACE for design study analysis.  A NOAA P-3 research aircraft was deployed 
during the 2014-2015 winter season for the CalWater 2 field program, and flights over the S-
PROF network will be evaluated. 

Weather Forecasting 
The weather forecasting described in this section is limited to that which directly supports the 
forecasting of inflow to Lake Mendocino.   
 
Operational weather forecast in support of hydrologic forecast operations is well established in 
the Russian River Basin.  Precipitation forecasts are based on NWP models operated by NOAA, 
ECMWF, and others.  Current operational hydrologic models supported by the CNRFC utilize 
five days of precipitation and temperature forecasts at six-hour time steps.  The CNRFC 
conducts the final assessment of the forecasts, however, reliance is placed on input from 
NCEP’s WPC as well as WFO Monterey. 
 
Precipitation and temperature forecasts are updated twice per day in the rainy season 
(November through April), once per day in the “summer”, and four times per day anytime there 
is flooding or a substantial threat of flooding.  While surface temperature forecasts are part of 
the equation, the Russian River rarely receives snowfall and as such frozen precipitation and 
snowpack modeling are not a significant factor. 
 
Because the majority of precipitation and the vast majority of heavy sustained precipitation 
events that result in flooding come in the form of ARs, over the past 15 years, a great deal of 
effort has gone into detecting ARs and understanding their impact on the hydrology.  The 
Russian River Basin has been one of several focus areas.  This work is led by NOAA’s OAR/PSD in 
collaboration with other elements of NOAA, Scripps Institution of Oceanography, California 
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DWR, and the Water Agency.  Investments in instrumentation (AR observatories, soil moisture 
sensors, precipitation gages, and gap filling radars) have helped and continue to build the body 
of understanding associated with AR behavior, impacts, and prediction.  In addition, substantial 
work has been directed toward mesoscale atmospheric modeling that can leverage what has 
been learned and assimilate newly available information.  The goal of this modeling effort is to 
improve high-resolution (time and space) short-term weather forecasts associated with AR 
events.  Operational forecaster tools that assist in the detection and classification of AR events 
are under development. 
 
Gaps in weather forecasting all align with the ability to confidently predict high-resolution (time 
and space) precipitation with lead times from hours to two weeks.  Several days lead-time 
could provide reservoir operators the time they need to make adjustments to storage contents 
before storm impacts are significantly felt.  This is a tall order.  Continued work in the physics of 
AR formation and prediction is needed along with the observational investments that validate 
the prediction process. 
 
Hydrologic Forecasting 
Operational hydrologic forecasting for Lake Mendocino as well as the full Russian River Basin is 
well established.  Five-day lead-time forecasts are generated twice per day in the rainy season, 
once per day in the dry season, and every six hours during flood events.  This is consistent with 
the updating of the five-day precipitation and temperature forecasts.  Flood warnings for the 
Russian are issued by WFOs Eureka and Monterey based on guidance developed by the CNRFC.  
Inflow forecasts for Lake Mendocino and Lake Sonoma are transmitted directly to the USACE 
and available online. 
 
The CNRFC conducts operational hydrologic forecasting using the Community Hydrologic 
Prediction System (CHPS).  CHPS supports and manages the data, models, model parameters, 
and model states needed to execute models, visual results, quality control output, and 
generate customer information (products).  The Lake Mendocino inflow watershed 
configuration employs (1) a rain-snow separation operation, (2) a snow model, (3) a 
Sacramento soil moisture accounting model, (4) a unit hydrograph operation, and (5) a 
reservoir model.   The model was calibrated over the full available history of the lake with 
emphasis on the most recent 10-year period.   
 
The Lake Mendocino watershed model is calibrated to simulate the full natural inflow to the 
lake.  This means that historical records were adjusted for the diversion into the basin from the 
Eel River watershed through the Potter Valley diversion.  The records for this positive diversion 
into the basin are not perfect.  In addition, there are diversions within the Lake Mendocino 
watershed for irrigation.  No reasonable data exist for these within basin diversions.  Monthly 
estimates of these diversions are integrated into the CNRFC model to avoid negative computed 
natural inflows (observed minus Potter Valley diversion).   
 
The CNRFC modeling system for Lake Mendocino (and the full Russian River) can be run in an 
ensemble mode to provide short, medium, and long-range probabilistic hydrologic forecasts.  
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Currently, the ensemble forecasts are forced with 15 days of the GEFS followed by climatology 
for the remainder of the 365-day run.  The ensemble system can be run in a hindcast mode for 
the 1985-2010 period.  This hindcast can be used to establish the reliability of the utility and 
reliability of the hydrologic forecasts. 
 
The confident prediction of “very little rain” over the next seven days during the rainy season 
may prove to be as or more valuable than the prediction of high flows during an AR event in the 
management scheme for Lake Mendocino.  An analysis of archived forecasts as well as 
hindcasts will be necessary to evaluate this hypothesis. 
 
Observational gaps that have the best potential to improve hydrologic forecasting include 
improved precipitation estimates as well as improved stream gaging in the watershed above 
Lake Mendocino to better assess the volume of water imported from the Eel River and the 
diversions that take place within the watershed. 
 
As observed and forecast forcings (precipitation and temperature) improve and exhibit skill at 
higher temporal and spatial resolutions, it begins to make sense to investigate distributed 
hydrologic models (DHMs).  USACE’s ERDC and NOAA’s ESRL-PSD have initiated prototyping 
work in this area.   The objective is to simulate and forecast small, typically ungagged basins 
within the Russian River watershed primarily for fisheries management.  Many challenges and 
opportunities exist for exploring soil moisture and streamflow data assimilation and adjustment 
as well and the integration and impact of reservoir regulation. 
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SECTION 3 FIRO VIABILILTY ASSESSMENT PROCESS 

3.1 Approach  
As previously discussed, there are significant challenges with current operations of Lake 
Mendocino. The future will likely add additional stresses to the reservoir and the communities 
and ecosystems that depend on water releases. Modeling analysis has indicated that it is likely 
that growth in water use and climate change will result in reductions in average rainfall and less 
frequent, but more intense storms.  Further, it is not likely that additional surface water 
reservoirs will be constructed in the foreseeable future, so optimizing the operations of existing 
reservoirs is a key strategy to address these challenges. 
 
FIRO represents a suite of several actions that could be implemented to improve the overall function of 
Lake Mendocino.   Some of these actions may be more feasible to implement in the near-term while 
others are long-term endeavors, requiring further research and study.  Consequently, it is likely that if 
FIRO is implemented and incorporated into operations, it will be done incrementally, as various actions 
are deemed to meet criteria for implementation.   

FIRO will provide a formal setting for developing and operating with a more-flexible, "smart" 
rule curve that uses better available data and forecasts to inform release decisions.  FIRO is 
based on focused research activities on associated meteorological, hydrological, ecosystem and 
water management information needs, and a process to take advantage of advances in science and 
technology.   

Even incremental changes in reservoir management could improve resiliency to drought and 
extreme stresses from climate change in order to maximize water supply, flood protection and 
ecosystem health. While USACE is committed to these goals (and to providing recreation 
opportunities for lake users), its primary objective is dam safety. Proposed changes to reservoir 
operations must include assurances that dam safety won’t be compromised. The viability 
assessment will include a combined benefit and risk analysis, to characterize and where 
possible quantify the water supply, flood protection, and environmental benefits of 
implementing FIRO at Lake Mendocino.  
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Figure 3.0.  Flow diagram depicting the FIRO Viability Assessment Process for a Go-Not Yet 
decision  

The first step in understanding the role FIRO may play in addressing water supply challenges is 
to evaluate whether there are any actions that can currently be undertaken to improve the 
status quo and increase the overall availability of water resources by more effectively balancing 
flood and drought risks in the Russian River Basin.   

The preliminary viability assessment is targeted for completion in 2016, and could provide key 
information to support approval of a request for a “minor deviation” to operations for late 
2016.  The full viability assessment will be conducted over the next five years using the 
framework established in this work plan.  One of its targets will be to provide the scientific and 
technical foundation upon which to base a future request to the USACE for a “major deviation.”  
(Note: The South Pacific Division of the Corps recently developed a policy for deviations to the 
Water Control Manuals for its reservoirs.   This policy specifies allowable limits and incursions 
into the flood control pool for minor deviations.  Major deviations, per the new policy, will 
require a risk and uncertainty analysis.) 
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Figure 3.0 illustrates the proposed approach and decision detailed in this work plan for 
conducting the demonstration study.   Beginning with Box 1 of Figure 3.0, the viability 
evaluation will answer the following question:  

Is FIRO currently a viable strategy to improve water supply and environmental conditions 
without impairing flood protections?  

To answer this question, the scope of the viability analysis, as described in this work plan, 
consists of:  (1) developing evaluation criteria, methodology, and modeling approach; (2) 
developing modeling scenarios; (3) evaluating modeling results; (4) assessing benefits; and (5) 
evaluating viability of FIRO actions. 

It is envisioned that a preliminary viability assessment will be completed within a year, based 
primarily on consideration of past forecast skill in the context of the FIRO operational 
considerations and requirements.  This assessment could inform a decision on a possible 
request for a “minor deviation.”  Given the challenge of predicting the storms and conditions 
that will ultimately determine the viability of FIRO on Lake Mendocino, it is expected that the 
full assessment of viability will require targeted research efforts (see below and section 8) and 
“parallel” real-time systems tests (without actual changes to operations) that will occur over 
the next five years. If the conclusion of either the preliminary or full viability assessments is that 
there is at least one or more action that improve the overall performance of Lake Mendocino 
(Box 2, Figure 9), the effort then will address the following question (Box 3, Figure 3.0): 

How can FIRO become incorporated into reservoir operations? 

Section 7 of this work plan describes how implementation strategies and decision support tools 
could be developed for FIRO actions deemed to be viable for operationalizing. For FIRO actions 
that are not found to currently viable or are only partially viable to improve the performance of 
Lake Mendocino (Box 5, Figure 3.0), the effort then effort will focus on answering the following 
question: 

What improvements in scientific knowledge and decision support systems need to occur so 
that FIRO can meet the needs of water managers?  

To address this question, Section 8 of this work plan (Box 6, Figure 3.0), describes several 
initiatives (data collection, monitoring, forecasting, model develop, and data interoperability) to 
improve the scientific understanding and technical capabilities with the goal of ultimately being 
able to operationalize at least some FIRO actions in the future.   

As shown in Figure 3.0, even if there are some actions that can be currently be operationalized, 
there also must be a long-term effort of improvement and refinement by continuing pursue 
science and technical programs (Box 6) that can continually feed back into reservoir operations 
(Box 3).  
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SECTION 4 EVALUATION FRAMEWORK, SCENARIOS AND CRITERIA 
 

This section describes the process that the FIRO Steering Committee will undertake to assess 
the viability of FIRO for Lake Mendocino, starting with a description of the evaluation 
framework, scenarios to be modeled, and criteria that will be used to inform decision-making.  

4.1 Evaluation Framework 
In order to emulate the Russian River system operation under a variety of management 
schemes fed by different types of information, one or more systems model must be developed 
to analyze the viability of implementing FIRO.  In concept, the systems models describe the 
physical characteristics of the watershed (stream reaches, dams, infrastructure, vulnerable 
resources, and benefit opportunities), as well as the inputs required to drive a simulation.  The 
generalized system evaluation model is shown in Figure 9.  Several of the constituent parts are 
provided within the suite of HEC models. 

For the viability assessment process, system models of varying complexity that represent many 
if not all aspects of the Russian River are for the most part already in place.  Implementing a 
multimodel ensemble approach (Johnson and Swinbank, 2009) to analyze how changes in 
reservoir operations will impact the Russian River Basin provides a mechanism to understand 
and differentiate between system sensitivity and model-dependent sensitivity. Changes to 
these models are needed to connect to various sources of inputs and operating criteria.  Larger, 
more significant changes are needed for the most comprehensive reservoir model, RESSIM, to 
take advantage of forecast information. Since the Control Manual does not specify release 
requirements for Lake Mendocino if below the control curve, the investments made by the 
Water Agency to develop a full range of conditions RESSIM model for Lake Mendocino will be 
heavily leveraged.  These adaptions are described in Appendix F. 

In order to scope the potential for FIRO to deliver greater benefits than today’s existing 
operation, it is imperative to exercise the systems models with scenarios that represent the 
extremes of weather and water prediction extremes and a variety of reservoir operation 
decision rules.  Note that the most comprehensive systems model is fundamentally the same as 
the FIRO-DSS described in Section 7 while the less complex system models provide mechanisms 
capabilities to rapidly explore and test hypothesized responses to changes in operations.  The 
approach of employing models of varying complexity ensures access to the best available 
science to inform the viability assessment process while making the transition from evaluation 
to operations relatively straightforward and ensures predictable results. 
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4.2 Evaluation Scenarios 
Case 1.  Existing Condition 
The systems models can be exercised over the period of record (1971-present) using the 
existing Control Manual rules integrated into the decision logic of RESSIM and the other 
models.   Note that the Control Manual only addresses releases when the storage is above TOC. 

Case 2.  Perfect Forecasts 
The case will require new configurations of RESSIM and the other models that are able to take 
full advantage of inflow and downstream streamflow forecasts that are without error out to 6 
months into the future.  While this case is not realistic, it provides a means of identifying the 
maximum potential benefit associated with the utilization of forecasts in the decision process.  
The systems model can be exercised over the full period of record (1971-present).   This RESSIM 
configuration will serve as the basis for a subsequent configuration that leverages forecasts that 
contain uncertainty. 

Case 3.  Current Forecast Skill 
This case will evaluate the utility of the current streamflow forecasts as well as the ability of 
RESSIM and the other models to leverage forecasts that include uncertainty in its decision logic.  
The initial set of evaluations could make use of the RESSIM and other model configurations 
developed for Case 2, however it is likely that a revised set of criteria and rules that considers 
the uncertainty of the forecasts will be more effective.  Two sets of historical forecasts are 
available for evaluation: a 1985-2010 ensemble based reforecast as well as the single value 
forecasts actually issued since January 2005.   

Case 4.  Near Perfect (observed) Meteorology 
This case is aimed at identifying the potential benefits of improved hydrologic modeling 
combined with the refinement of observed precipitation and temperature.   The evaluation can 
be performed for the 1971-present period.  The RESSIM configuration developed for Case 2 
would be most applicable to this application.   

In developing robust and effective water management strategies, it is best to look at benefits 
and costs over an extended period of time.  It is not realistic to expect any management 
strategy to work perfectly in all circumstances and as such the evaluation should focus on long-
term gains.  Nonetheless, there are key flood and drought events in the Russian River where 
the performance of the system will need to be closely examined in order to build confidence 
and community support.   In addition, it may be instructive to evaluate system resiliency 
associated with selected climate change scenarios. 

4.3 Development of Evaluation Criteria  
Development of evaluation criteria in order to inform decisions that are made about the 
viability assessment is an important task for the Lake Mendocino FIRO Steering Committee. 
Each of the agencies representing major interests under consideration (water supply, flood 
control, fisheries and recreation) will work together to develop clear, objective measures 
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against which we can gauge whether FIRO is a viable option and, if not, what more information 
is needed to demonstrate viability. Metrics will need to be developed to answer the following 
basic questions: Can FIRO increase water supply reliability and environmental conditions while 
maintaining the same flood protection capacity?  Can FIRO enable improved flood protection 
capacity while not compromising water supply?  
 
In order to help measure benefits, an economic benefit assessment is proposed (see Section 6) 
to monetize, to the extent possible, the various benefits (and costs) of FIRO, under the different 
scenarios, to balance tradeoffs and examine how best to maximize benefits while minimizing 
risks.  
 
Some preliminary considerations for development of the criteria can be found in Appendix F. 

4.4 Envisioned Improvements to Facilitate FIRO 
Existing technologies and science are expected to provide meaningful benefits through the FIRO 
concept.  The story, does not however, end there.  With the FIRO framework in place, 
improvements in the science and technology can be effectively leveraged. Science and 
technology investments can be grouped into four basic categories as follows: 

1. Improvements to weather forecasts.  Investments made to refine the skill and better 
characterize the uncertainty of physical weather element forecasts needed to drive 
hydrologic models directly contribute to improved system performance.  Investments are 
needed at all temporal and spatial scales.  The most potent enhancements will address 
weather forecast improvements that cover the next 7 to 14 days.  Post-processing to bias-
correct and sharpen the output from operational model forecast systems is an example of 
the approaches that will be employed to provide the forecast skill and reliability that is 
needed to inform reservoir operations.  As skill develops in seasonal and subseasonal 
forecasts, the FIRO framework provides a ready context for integration and use. 

2. Improvements to hydrologic models.  Hydrologic models in current operational use are 
reliable but dated.  Models, such as that being developed at the NOAA National Water 
Center, that better leverage available information and have well developed data 
assimilation processes will improve the performance of FIRO and the quality of information 
available to the decision support model. 

3. Improvement to observation systems.  Significant investments have been made in 
observations, yet much remains to be done.  Better observations serve operations as well as 
research.  The observation portfolio in the Russian River generally lacks details when it 
comes to diversions and losses.  Investments in this area could yield keen insight that 
improves the performance of the system for all stakeholders.  

4. Improvements to decision support models and tools.  Decision support models transform 
data into information that decision makers can use to carry out their specific 
responsibilities.  Enhancements to existing decisions models, particularly those who 
acknowledge and leverage uncertainty will contribute to the potential value of FIRO. 
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SECTION 5 EVALUATE MODEL RESULTS 
 

FIRO viability assessment requires quantitative information as inputs to a Lake Mendocino FIRO 
Decision Support System (LM-FIRO DSS).  Much of this input takes the form of numerical model 
output of time series that can be deterministic, an ensemble mean or probabilistic at a point or 
over a gridded area.  The reservoir operations “final release schedule” requires many inputs, 
including the following modeling outputs (each of which has observational inputs that help 
drive or constrain that model): 

• Impact analysis tool (impact to water levels and structures and ecosystem conditions) 
• Channel and reservoir routing model 
• Reservoir release decision model 
• Runoff forecast model 
• Precipitation (and temperature and wind) forecast model 

In reality, there are various existing models of each type, and new models can be developed to 
fill gaps.  Uncertainties in each of the necessary inputs to the LM-FIRO DSS can each contribute 
to uncertainties in the reservoir operations decisions.  Thus, the Lake Mendocino FIRO work 
plan incorporates evaluations of these models in terms of their performance on FIRO-related 
outputs.  

The evaluations involve comparisons between the model predictions and reality using 
observations as the basis against which to evaluate.  In a predictive mode this is done by 
assimilating all observations into the model as part of “initialization,” running the model in 
predictive mode, and then using observations from the same sites to compare with the 
predicted values.  This can be done in both a retrospective way by looking at past cases of 
importance (e.g., December 2012), and by running real-time experiments.   

Because forecasting of extreme precipitation in this region hinges on the location, strength, 
duration and orientation of land-falling atmospheric rivers, from the meteorological side, 
weather models need to be evaluated not only in terms of their precipitation specifically, but 
also representation of key features of ARs and orographic precipitation.  Another factor that 
may contribute significantly is how aerosols impact clouds and precipitation.  Existing weather 
models have not been tailored to AR and extreme precipitation forecasts in the region and are 
primitive in their handling of aerosols.  They also do not necessarily take full advantage of 
existing observations in terms of data assimilation. 

NOAA will continue to develop and evaluate operational forecast systems predictions of 
extreme precipitation events and resulting hydrologic impacts. To help fill this gap, Scripps is 
developing an experimental tailored version of the Weather Research and Forecast model 
(WRF) optimized to Western US extreme precipitation prediction and especially ARs.  This 
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experimental model is called West-WRF and will be evaluated in great detail specifically for 
Lake Mendocino FIRO.  Post-processing to bias-correct and sharpen the output from 
operational and experimental model forecast systems will be evaluated to assess the benefits 
of these efforts. The evaluations of the operational and experimental forecast systems will be 
uniquely detailed for the Russian River Basin because of the availability of many special 
observations in the area, including precipitation, atmospheric river conditions, precipitation 
aloft and detailed precipitation at the ground.  Additionally, new coastal radar measurements 
may become available in the next couple of years.   

Similar to the meteorological model evaluation method, existing runoff models will be 
evaluated and a specialized hydrologic may be developed that is tailored to Lake Mendocino 
FIRO’s needs.  Unique measurements of soil moisture will be used to help drive and evaluate 
these models, along with standard and new stream gages (both on the Russian River main stem 
and its tributaries). 

An example of the unique meteorological and hydrologic model evaluations that are possible is 
illustrated by the analysis of many ARs that hit the Russian River and showed that 75% of the 
variance in storm total precipitation in ARs is controlled by variance in the strength and 
duration of the ARs (Figure 5.0). It also showed that 62% of variance in storm-total runoff is 
controlled by AR strength and duration, and another 17% is controlled by variance in precursor 
soil moisture.  The models will be evaluated in terms of their ability to reproduce this observed 
behavior. 
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Figure 5.0. Two graphs illustrating variance in storm-total rainfall and vapor in Russian River and in the 
Austin Creek subwatershed. Source:  Dr. F. Martin Ralph et al. 2013 
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SECTION 6 ASSESS BENEFITS 

6.1 Identify Economic Benefits  
The primary FIRO benefits to be assessed stem from improved precipitation (and non-
precipitation) and reservoir storage forecasting, which would theoretically allow deviations 
from the rule curve or changes to the manual. Allowing more water storage in the reservoir 
during rainfall events enables release of this water during periods of low flow.  

Benefits of reservoir operations can be generally categorized into three areas: 1) flood damages 
avoided, 2) water supply, and 3) environmental services (including fisheries and recreation). 
NOAA’s Office of Program Planning and Integration (PPI; http://www.ppi.noaa.gov/economics/) 
and National Ocean Service conduct benefits assessments for ecosystem services, as well as 
other water resource values. A recent report by ESRL-PSD (Johnson 2014) has developed a 
regional accounting approach for the above three categories and provides a reconnaissance-
level characterization of benefits associated with advanced precipitation forecasts. This project 
will advance that work to provide a more solid basis for benefits accounting supportive to 
reservoir operations decisions. The approach will involve coordination with the reservoir 
operations tasks to obtain reservoir storage and river flow time series that can be related to the 
various benefits categories.  

In order to quantify benefits, an important first step is to determine the change in the amount 
of water released during periods of low flow (and high water demand). In addition to the 
quantity of water released during low flow periods, we also need to assume a total number of 
dry periods that could benefit and the timeframe over which these occur (because benefits 
occurring in the future are discounted). Another criterion to consider is the longevity of the 
project. Generally in cost-benefit analyses the timeframe is the life of the infrastructure. If FIRO 
results in any new infrastructure anticipated, we would need an associated lifespan. If no new 
infrastructure is created for FIRO, other methods will be needed to determine longevity.  

The flood reduction analysis should also assess a range of flood events from the 2-year event up 
to the 500-year event in order to compute an expected value of loss prevented over a range of 
storm events. Close coordination with other tasks will be required to simulate this range of 
events. 

A foundational consideration will be translating FIRO into additional reservoir storage and 
releases.  For the purposes of this analysis we will need to establish flow target(s) that FIRO 
could reasonably be expected to achieve. For example, 10,000 acre-feet of additional storage 
(and thus low-flow releases) per year is one target that has been discussed, recognizing that 
during some years there will be less or more opportunities for this to happen (Johnson, 2014). 
Examining the record of monthly inflow volumes and conducting a life-cycle analysis of volumes 
that could result from additional storage throughout the year to assess FIRO benefit may make 
more realistic estimates.    

http://www.ppi.noaa.gov/economics/
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Note that the release of 10,000 acre-feet of water can provide multiple benefits to multiple 
users: even small changes in streamflow may have numerous additive downstream effects. For 
example, an acre-foot of streamflow increase might be used for recreation, agriculture, power 
production, and municipal water supply, while at the same time helping assimilate wastes and 
enhance fish habitat. “The aggregate value of a change in streamflow is equal to the sum of its 
values in the different instream and offstream uses to which the water is put during its journey 
to the sea” (Brown, 2004).  

The economic analysis must also be based on a defined geographic area. While this analysis is 
focused on the Russian River watershed, we need to confirm where within the watershed 
benefits would accrue. Where data exists, it would need to be extracted from the area(s) 
associated with both costs and benefits. (Note: it is anticipated that most data will likely be 
available from Sonoma County.) 

 
The following socio-economic benefits will be considered for monetization: 

 Agriculture (primarily wine industry) – production revenue 
 Municipal and industrial water supply – value of water for these purposes 
 Riverine/lacustrine habitats and fish populations – improved fish habitat  
 Recreation -boating, sport fishing, and related support services 
 Flooding - avoided flood damages 

 

6.2 Develop logic model, identify sources of information/data on benefits and determine 
methodology to assess benefits 

After determining the benefits to be assessed, the next step is to construct a logic model 
that clearly makes linkages between FIRO and the resulting economic benefits. This is 
important in order to establish a causal relationship. Below is a simple examples of a logic 
models: 

 

Figure 6.0. Depiction of a logic model of the economic benefits of better weather predictions. 

Better Predictions Store more water 
during wet periods

Release more water 
during dry periods / 

release more steadily
Economic benefits
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After confirming the logic models and their underlying assumptions, the next step is to 
ascertain what data is needed to estimate benefits and the methods that are most appropriate 
to monetize the benefits. The methodology chosen will be based on availability of data as well 
as other factors. Methodologies include: 

• Market Valuation 
o Benefits inferred from prices set by the buying and selling of a good or service 
o Includes productivity, hedonic pricing and travel cost methods 

• Avoided Costs 
o Benefits derived from elimination of an expenditure 

• Benefit Transfer 
o Applies findings from studies of similar sites 

• Contingent Valuation 
o Directly ask how much one values a good/service/resource 
o Derive willingness to pay 

 

6.3 Establish Bookend Scenarios for Economic Benefit Analysis  
Once the benefits are identified, data assessed and methods determined, it is necessary to 
“bookend” monetized benefits based on modeling scenarios determined in previous work plan 
sections. Variables in the assessment scenarios include timeframe, storage targets, frequency of 
storage opportunities up to the target (and possible interim targets), target for increased flood 
release and/or increased flood event lead times and frequency of these occurrences.  From 
previous task outputs, establish operational “constraints” (high water, low water, ramping 
rate(s), other factors including supply (allocation), environmental factors etc., to define a range 
of possible operational outcomes for analysis.  

6.4 Conduct Economic Analysis, Compare Benefits to Costs 
Economic analysts use the data gathered, the selected method, the bookend scenarios and the 
selected benefits to monetize benefits. Where benefits cannot be monetized, they will be 
qualitatively described, with examples, as available, from the literature or case studies to 
illustrate benefits.  The benefits will then be aggregated, expenditures to date factored in as 
appropriate, and the aggregate benefits will be compared to costs of the project. Project costs 
shall consider costs associated with reservoir operational and/or infrastructure changes 
necessary to implement FIRO.  
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SECTION 7.0 IMPLEMENTATION STRATEGIES 
 

There are two distinct and critical components associated with implementing a forecast 
informed water management paradigm for Lake Mendocino. The bulk of the work described in 
this document is focused on creating a new set of procedures that allow for more efficient use 
of available water and potentially greater capacity to mitigate flood damages. All the 
technology and science in the world will not benefit the management of Lake Mendocino 
unless they are formally accepted and integrated into the set of “approved practices.” This 
process of navigating the approval and socialization process is briefly described in Section 7.1. 

Successful implementation of the FIRO management strategy described earlier will provide 
information to managers to enable them to select release schedules that reflect more 
accurately prevailing and anticipated conditions in the watershed. To achieve this, data from 
enhanced watershed monitoring programs and information from improved weather and water 
forecasting must be efficiently and systematically stored, organized, retrieved, analyzed, and 
presented to water managers. This will be accomplished with a decision support system (DSS) 
designed, developed, and deployed for the Lake Mendocino forecast-informed water 
management program. This system is described in Sections 7.2-7.5 

7.1 Pathway toward Formal Acceptance and Use 
Up until this point, this work plan has largely been silent on the fact that whatever new 
management paradigm is recommended, it must be formally accepted by the USACE and 
socialized with stakeholders in the Russian River Basin. This will not be simple, inexpensive, or 
quick. This plan does not include a prescription for accomplishing this. Rather this plan 
recognizes the critical nature of the work, the partnership upon which it depends, particularly 
the high level of engagement by the USACE, and commits the interagency team to defining the 
process and working toward achieving our objectives from the very beginning of the project. 

7.2 The Lake Mendocino FIRO decision support system (Lake Mendocino FIRO-DSS) 
Successful implementation of the FIRO management strategy described earlier will provide 
information to managers to enable them to select release schedules that reflect more 
accurately prevailing and anticipated conditions in the watershed. To achieve this, data from 
enhanced watershed monitoring programs and information from improved weather and water 
forecasting must be efficiently and systematically stored, organized, retrieved, analyzed, and 
presented to water managers. This will be accomplished with a decision support system 
designed, developed, and deployed for the Lake Mendocino forecast-informed water 
management program. 

7.2.1 Lake Mendocino FIRO-DSS goals, objectives, and constraints 
The goal of the Lake Mendocino FIRO-DSS is to provide information that leads to improved 
management of water in Lake Mendocino for all purposes, for both near-term and long-



7-2 | P a g e  
 

term operation. To reach this goal, the Lake Mendocino FIRO-DSS is designed and 
developed to meet the following objectives: 

• Accelerate and enhance collection, display, and subsequent analysis of data on weather 
and water conditions in the watershed. 

• Enhance quantitative knowledge of future water and weather conditions in the 
watershed and enable use of that enhanced knowledge in decision-making. 

• Provide operators, regulators, and forecasters with better quantitative information 
about the likely effects of operation decisions, both in the near-term and long-term. 

• Enhance sharing of data and information, thus enabling collaborative, cooperative 
decision making by operators, with input from regulators, and forecasters. 

Constraints on design, development, and deployment of the Lake Mendocino FIRO-DSS 
require it: 

• Be implementable in the near term, using readily available information technology (IT) 
infrastructure. 

• Be scalable and flexible so improvements in weather forecasting, system monitoring, 
modeling, and displaying and disseminating information can be included as those 
become available over the longer term. 

• Be useful to and usable by all agencies cooperating to improve Lake Mendocino water 
management. 

• Provide information to improve decision making for both flood and drought operation. 
• Integrate gracefully with the NWS’s forecast modeling system and the Corps’ reservoir 

operation modeling system. 
• Fit within the context of and be capable of integration with the existing California DWR 

data exchange system (referred to herein as CDEC, but also including other components 
of the state’s expanding data dissemination system.) 

• Have implementation, operation, and maintenance costs that are acceptable within the 
budgetary requirements of the agencies involved. 

• Be redundant, ensuring if one component of the DSS fails operators will have alternative 
sources of data and information for decision-making. 

• Be sufficiently flexible to accommodate changes to system operation and features. For 
example, if physical changes are made to dam components or downstream channels, 
the DSS should not require re-programming to represent the modified system. 

• Be sufficiently flexible to accommodate anticipated changes to the Water Control 
Manual, which directs certain aspects of operation of Lake Mendocino, and changes 
that come about as a consequence of lessons learned by operators. 

• Be modular, with components that are separable and replaceable. 
• Be readily usable by system operators, considering use of the Lake Mendocino FIRO-DSS 

will not be the primary task for most operators. This will require, for example, a certain 
level of “friendliness” in the user interface, along with detailed documentation to which 
operators can refer. 
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• Provide sufficient information to answer questions likely to be asked during operation 
decision-making during both floods and droughts. As the questions asked vary from 
event to event and will expand as users of the Lake Mendocino FIRO-DSS gain familiarity 
with its capabilities, satisfying this constraint will require the FIRO-DSS be customizable, 
without extensive reprogramming. 

• Provide an “audit trail,” archiving information so users can conduct forensic analyses 
after floods and droughts, recreate the events, testing the Lake Mendocino FIRO-DSS, 
improving decision making, and training. 

• Synchronize the copies of FIRO-DSS components deployed at offices of various 
participants. 

• Use existing components (especially models) if suitable. For example, the Lake 
Mendocino FIRO-DSS could use the Corps’ HEC-ResSim reservoir system simulation 
application for release selection and downstream impact analysis instead of developing 
a new application for that. 

• Acknowledge and treat uncertainty about forecasts and natural behavior of the system 
quantitatively in development of information presented to operators. 

 

7.2.2 Proposed structure of Lake Mendocino FIRO-DSS 
Figure 7.1 illustrates conceptually the overall structure of a Lake Mendocino FIRO-DSS that 
provides information for improved management of water in Lake Mendocino. Flow of data 
and information in the FIRO-DSS is shown with arrows. For simplicity, components are 
shown and labeled separately; when developed and deployed, some of the components—
especially various databases—may be combined. 

Key components of the Lake Mendocino FIRO-DSS include: 

Databases of observations. Databases store time series of historical precipitation and 
temperature (item 2) and series of current and past lake and stream levels (item 3). 

Databases of forecasted weather, runoff, and system states. Forecasts of future weather 
conditions are stored (item 1), as are forecasts of future watershed runoff (item 6), and 
forecasts of system conditions if candidate release schedules are followed (item 11). 

Databases of properties of the watershed, channels, dam, reservoir. For convenience, 
properties of the reservoir, dam, and channels, and related representations of properties 
are stored in a database, represented by item 4 in Figure 7.1. 

Models. The Lake Mendocino FIRO-DSS includes a runoff forecast model (item 5), a 
reservoir release decision model (item 8), a channel and reservoir routing model (item 10), 
and an impact analysis model (item 12). 

Database of water control manual. Desired operation objectives and priorities and required 
operation rules are stored in digital form in a database (item 7). 
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Databases of release schedules. Proposed release schedules are stored in a database (items 
9 and 14). 

Decision maker(s). The proposed DSS is not an automated control system. Instead, human 
decision makers (item 13) consider results to develop a final release schedule. 

 

Figure 7.1 Components of FIRO decision support system will inform release schedule selection 
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7.2.3 Workflow with Lake Mendocino FIRO-DSS 
The anticipated workflow with the Lake Mendocino FIRO-DSS illustrated in Figure 7.1 Is as 
follows: 

1. Forecasts of future weather conditions—both near-term and longer-term—are made. 
These forecasts use enhanced methods described elsewhere in the report. The forecasts 
are provided as time series of precipitation and temperature as needed for watershed 
runoff forecasting. The time series are stored in a database (item 1) accessible to the 
forecast model (or models). The frequency with which forecasts are made and stored is 
consistent with the frequency of forecasts of hydrologic conditions. 

2. To create boundary conditions for runoff forecasting, the time series of future weather 
forecasted are appended to time series of recent historical observations of precipitation 
and temperature. The historical observations are stored in a database (item 2). The 
state of California maintains a database of historical observations, which is used for the 
Lake Mendocino FIRO-DSS. 

3. Current reservoir, dam, and channel conditions are determined to set model initial 
conditions for the models. These are determined by accessing a database in which these 
data are stored (items 3). Again, the state maintains such a database; it is used for the 
Lake Mendocino FIRO-DSS. 

4. A forecast of future reservoir inflow and uncontrolled runoff downstream of the 
reservoir is made with a watershed model (item 5). The model requires certain data on 
properties of the reservoir, dam, and channels; to ensure consistency amongst models 
as properties are changed; these data are stored in a database (item 4). Many of the 
same data are needed by the reservoir release selection model (item 8), so the common 
database simplifies changing properties. The forecasted flow and stage series are stored 
in a database (item 6). 

5. When the inflow and local flow forecast is available, a reservoir release selection model 
(item 8) is executed to determine a feasible trial release schedule considering the 
current state of the system, forecasted future flows, and rules in the water control 
manual (item 7). The trial release schedule is stored in a database (item 9). 

6. To assess the system-wide impacts of the trial release schedule, a channel and reservoir 
routing model (item 10) is executed. This hydraulic model computes flows and stages 
throughout the system for the period forecasted and stores those flows and stages in a 
database (item 11). 

7. To evaluate the economic, environmental, and public safety impact of the proposed 
release schedule and the corresponding flows and stages throughout the system, an 
impact analysis model (item 12) is executed. The resulting reports of selected measures 
of impact are provided to decision makers (item 13). The decision makers consider the 
impact reports, reports of stages, flows, storage, and other states of the system, and 
accept or refine the proposed release schedule. If the schedule is refined by the decision 
maker, the analysis of system-wide impacts is repeated (step 6). If the schedule is 
accepted, this final release schedule (item 14) is communicated to operators as release 
orders. 

8. The process repeats, beginning at step 1 with a new forecast of precipitation. 
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7.2.4 Lake Mendocino FIRO-DSS component description 
To meet the need for near-term results within budgetary requirements of the agencies 
involved, the DSS incorporates components based upon existing state-of-practice models 
and databases from USACE, the NWS, and DWR to the extent feasible. New components are 
developed only as needed. These components are described in more detail below. 

7.2.5 Hydrometeorological observing and forecast system 
Precipitation, temperature and wind observations and predictions are made with a 
combination of standard, larger-scale/national weather observing and prediction systems 
and a specialized set of observational and forecast tools tailored to the needs of the DSS for 
the Russian River specifically.  These tools include a unique set of detailed weather and soil 
moisture observations (especially as provided by a unique observing network in the region 
sponsored by the Water Agency, DWR and NOAA/PSD).  It also includes a regionally 
optimized weather prediction model run at high spatial resolution and for the domains and 
lead times and specifically required for Lake Mendocino FIRO-DSS (e.g., the West-WRF 
model).  It also includes atmospheric-river-focused prediction tools that quantify the 
position; timing, strength, orientation and duration of predicted land-falling atmospheric 
rivers as well as their associated precipitation and temperature.  The forecast information is 
provided with estimates of forecast uncertainty. 

7.2.6 Runoff forecast model 
Runoff forecasts are made with the California-Nevada River Forecast Center’s (CNRFC’s) 
Community Hydrologic Prediction System (CHPS) modeling infrastructure, which relies 
mainly on real-time data retrieved through the CDEC and meteorological forecasts that are 
an outcome of other work completed through this study. CNRFC and DWR Division of Flood 
Management (DFM) staff process and quality control the real-time hydrometeorological 
data from the CDEC database, as well as other sources such as the USGS and USACE. Other 
inputs into the CHPS runoff forecast model are databases of properties of the watershed, 
channels, dam, and reservoir (item 4 in Figure 7.1), which are maintained by the NWS. 

Using CHPS, NWS staff hydrologists generate forecasts of watershed runoff, including both 
reservoir inflows and the local, uncontrolled flows downstream of the reservoirs. These 
forecasts are stored in the CDEC database (item 6 in Figure 7.1) for dissemination and use 
by the CNRFC’s customers, including the Water Agency and USACE. This permits efficient, 
rapid exchange with all agencies involved. 
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7.2.7 Reservoir release decision model 
Reservoir operators use a reservoir release decision model coupled with the outputs of the 
runoff forecast model (inflow, local flow, and water level forecasts) to make decisions about 
releases, including decisions about current operations—how much to release now, and 
future operations—how much to release in the future if the forecasts are correct (or, 
perhaps, not correct). When making release decisions, the operators consider the needs of 
their customers, the authorized operation purposes, approved operation rules, and the 
current state of their reservoirs. 

For the FIRO-DSS, HEC-ResSim--the USACE’s standard-of-practice reservoir simulation model 
for both real-time and planning applications—will be used. The Water Agency and USACE 
have developed cooperatively an HEC-ResSim model and thus are familiar with the 
capabilities. That model will be integrated into the FIRO-DSS, exploiting connections 
between HEC-ResSim to CNRFC forecasts. (These connections were developed by DWR and 
the CNRFC to support coordinated operations of reservoirs on the Yuba-Feather rivers 
system.) 

HEC-ResSim would be used in the Lake Mendocino FIRO-DSS both to propose and to assess 
release schedules, so it serves both at item 8 and item 10 in the figure. The topology of the 
reservoir system, the properties of the water control facilities and conveyances, and the 
operation rules are defined in a specialized HEC-ResSim configuration database. This HEC-
ResSim database is modified with a specialized editor that is a component of the HEC-
ResSim software package. 

In application, HEC-ResSim initially follows strictly the release rules from the water control 
manual to propose a trial release schedule, give each new forecast and the current state of 
the system. Future system conditions that arise from following that release schedule are 
evaluated using a simplified channel routing model integrated in HEC-ResSim, and results 
are presented to operators. 

Operators would be able to override and alter the release schedule using a user interface 
developed especially for this Lake Mendocino FIRO-DSS. If operators propose an alternate 
release schedule, the proposed schedule would be stored, then retrieved and analyzed with 
the channel and reservoir routing capabilities of HEC-ResSim, bypassing the release decision 
model. Results would be provided to the operators, and the process is repeated until 
operators are satisfied with the release schedule and the resulting conditions in the system. 

7.2.8 Channel and reservoir routing model 
HEC-ResSim channel and reservoir routing capabilities will be used in the Lake Mendocino 
FIRO-DSS to predict system conditions that result from following a proposed release 
schedule. The channel routing capabilities are consistent with those included in the runoff-
forecasting model. The channel routing model predicts discharge rates throughout the 
system by solving simplified forms of the relevant hydrodynamic equations. The result of 
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the reservoir simulation is a set of discharge hydrographs at key downstream locations. If 
stage predictions are relevant to decision making, rating curves are used to transform 
discharge rates to stage. 

If routing capabilities beyond those of the simplified models of HEC-ResSim are needed for 
decision-making, the Lake Mendocino FIRO-DSS can include also HEC-RAS. This is an 
unsteady open channel flow routing model, also developed by USACE, and linked 
conveniently with other models proposed as components of the Lake Mendocino FIRO-DSS. 

7.2.9 Impact analysis model 
Physical, economic, environmental, life safety, and other impacts of a proposed release 
schedule are evaluated with what is identified here as an impact analysis model. In this 
context, that model (or more likely, models) includes a variety of graphical and tabular 
displays of predicted system states that occur if the release schedule is followed. A variety 
of applications are available for this analysis, including the USACE’s HEC-FIA application and 
spreadsheets that can be integrated with the Lake Mendocino FIRO-DSS (with storages, 
flows, stages, etc. exported to individual users to meet their unique needs. 

7.2.10 User interface 
An interface will link the operators to the DSS and facilitates operator examination of 
impacts and specification of release schedules. For broadest and most convenient use, a 
web interface is proposed, with information from the analyses formatted and served to 
users without necessity of formal user training in, for example, particular details of use of 
HEC-ResSim. 

7.3 Implementation Timeline 
The work plan implementation will occur collaboratively, requiring close coordination and 
cooperation among several entities. Organizationally, the FIRO team has formed three major 
task groups to focus efforts around three key issue areas: 

• Preliminary Viability Assessment, with a focus on forecasting, modeling and economic 
benefit assessment 

• Procedural Matters, with a focus on the Corps’ deviation policy and Dam Safety Action 
Classification (DSAC) rating system 

• Scientific Research needed to support FIRO, with a focus on both short-term and longer-
term needs 

These task teams are underway and are in the process of developing a detailed list of tasks and 
an associated schedule over the next year and beyond. Below is an overall schedule for the 
work plan over the next 12-15 months, followed by a projected six-year timeline for completing 
major project tasks. 
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Forecast Informed Reservoir Operations Work Plan Timeline – Preliminary Viability Assessment 
July - 

September 
2015 

October –
December 

2015 

January – 
March 
2016 

April –  
June 
2016 

July - 
September 

2016 

October – 
December 

2016 
· Complete 
Workplan 

· Form task 
groups 

· Assess data, 
information & 

models 
· Identify 
optimum 

monitoring sites 
· Develop 

evaluation 
criteria &  

methodology 
· Determine 

range of water 
travel times to 

ocean 

· Develop 
preliminary 

viability study 
strategy 

· Agree on 
forecasting 

scenarios and 
other inputs 

· Convene 
modeling 

discussion, 
agree on 

model(s) and 
lead modelers 

· Develop 
evaluation 
scenarios 

· Evaluate past 
forecast 

performance 

· Assemble 
models & 
process 

algorithms 
· Identify role of 

mesoscale 
frontal waves in 

stalling ARs 
· Develop DSAC 

& deviation 
policy scenarios 

· Install 
monitoring 

stations in Lake 
Mendocino 
watershed 

· Evaluate past 
reservoir 

operations 
 

· Preliminary 
model results 

available 
· Begin 

economic 
benefits analysis 

for flood 
damages 

· Determine 
economic 
benefits 

approach for 
other values 

· Final modeling 
analysis 
available 

· Conduct stress 
test 

· Finalize flood 
impact 

assessment 
· Begin 

economic 
benefits 

assessment for 
other FIRO 

values 
· Synthesize 
atmospheric 

river scientific 
advances 

· Deliver 
preliminary 

FIRO viability 
assessment 

· Refine 
scenario testing 

strategies for 
years 2 & 3 

· Identify 
priority 

research 
activities 

 
Six-Year Major Tasks Timeline, Lake Mendocino Forecast Informed Reservoir Operations 

 2014/15 2015/16 2016/17 Year 4 Year 5 Year 6 
Create Lake Mendocino FIRO Steering 

committee and produce work plan 
X      

Quantify requirements and past 
performance 

X X     

Complete “Preliminary FIRO Viability 
Assessment” 

 X     

Create FIRO Decision Support System, 
West-WRF and experimental Hydro 

model 

 X X X   

Deploy sensors in Lake Mendocino 
area 

 X X X   

Carry out offshore field campaign to 
improve atmospheric river forecasts 

  X X   

Table-top tests of FIRO    X X  

Demonstrate forecast-informed 
operations in “parallel” mode 

    X X 

Develop draft Major deviation request    X X  
Explore application to 2 other 

reservoirs 
    X X 

Advance science supporting FIRO X X X X X X 
Quantitative assessment of impacts of 
atmospheric-river forecast-informed 

reservoir operations on Lake 
Mendocino 

     X 
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SECTION 8.0 TECHNICAL AND SCIENTIFIC RESEARCH NECESSARY TO 
SUPPORT LAKE MENDOCINO FIRO VIABILITY ASSESSMENT AND 
POTENTIAL IMPLEMENTATION OF FIIRO  

Why is research needed for FIRO? 
For hypothetical future events, FIRO viability will hinge on a wide range of current and predicted 
conditions at the time.  These include weather, land surface, hydrology, streamflow, water quality, 
ecological and reservoir operations conditions.  FIRO decisions may also be affected by priorities 
influenced by the broader context of perceived flood, drought and ecosystem health (as indicated by 
salmonid species) risks.  Each of the associated disciplines represents a community of practice with its 
own current capabilities and gaps in terms of performance. 

One of the first steps the FIRO team has undertaken is to quantify what are the technical requirements 
that would need to be met to demonstrate that FIRO is partially or fully viable for Lake Mendocino.  For 
example, the geometries of the Russian River watershed, built infrastructure, and the CVD have led to a 
preliminary estimate that a 7-day lead time will be required to (a) safely release 10,000 AF of water from 
CVD (requiring 2 days) with sufficient time for the water to travel past the most vulnerable 
communities/facilities downstream (5 more days).  From a streamflow prediction standpoint this lead-
time requirement demands accurate forecasts related to heavy precipitation with similar lead times, 
which will depend ultimately on accurate forecasts of atmospheric river landfall.  Current forecasts for 
AR landfalls are within roughly 500 km uncertainty in landfall location at 5 days lead time based on 3 
winters studied (Wick et al. 2013), and extreme precipitation is remarkably challenging to predict (Ralph 
et al. 2010). 

To the extent that FIRO is based strictly on accurate long-lead forecasts of the details of the largest 
storms, it will be necessary to improve the skill of forecasts of AR landfall to be within roughly 100 km of 
actual landfall positions at 6-10 days lead time.  However, multi-week dry periods may have greater 
current predictability, and FIRO strategies may also capitalize on the recognition of long periods with 
low likelihoods of dangerous storms “before” water is likely to need to be released, which would 
substantially improve the potential for partial FIRO viability.  Thus research is also needed to quantify 
current and prospective skills associated with forecasting AR-landfall “lulls.” This is but one example of 
many areas of research that will be needed to enable FIRO. 

Both incremental and breakthrough advances are needed 
The overarching approach of the FIRO team is to perform a preliminary viability assessment, followed by 
a more thorough assessment involving testing in a parallel operations mode.  Much like the example of 
needed AR and precipitation forecast skill improvements described above, the FIRO steering committee 
has identified a number of promising research directions that will improve the likelihood of FIRO viability 
and that will allow very accurate assessments to be completed.  Some of these directions represent 
evaluations and improvement of existing tools for monitoring, prediction and operations.  However, 
some gaps in current capabilities will only be resolved by a rethinking of how to approach or avoid the 
gaps. Filling these gaps will likely involve entirely new management strategies and scientific methods, 
tools and capabilities.  
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The committee proposes to pursue both the incremental improvements to current methods/tools and 
new research to enable the breakthrough advances required for full viability.  Intermediate options 
involving both are also needed, as for example the development of a high resolution weather prediction 
model tailored to the AR phenomena and associated extreme precipitation on spatial-temporal scales 
appropriate to reservoir operations in the Russian River watershed. 

Observations, modeling, physical understanding, decision support systems 
The committee has concluded that there is no single “silver bullet” technical solution to enabling FIRO.  
An improved portfolio of information will be critical to effectively balance flood and drought risks in the 
Russian River Basin.  It is recognized that the viability of FIRO will depend upon advances involving the 
major pillars of (1) monitoring of key current conditions, (2) predictive models and methods for key 
physical parameters, (3) tools that can integrate these predictions in and analyses of potential 
streamflow outcomes and associated impacts, and (4) production of quantitative guidance for operators 
regarding risk of various operations options in real-time. 

“Prediction and monitoring of key current conditions” include quantitative understanding, tracking, and 
prediction of natural physical systems and natural phenomena (meteorological, hydrological, land 
surface, salmonid), the built systems, their current and potential operations, and potential downstream 
consequences and impacts of current and near-term situations for the system as a whole.  Specific 
examples include expanded observations and monitoring of the physical system to improve 
understanding of extreme precipitation behavior, impacts, prediction and flood risk.  Enhanced 
understanding of water-release dependent ramping rates and of minimum in stream flows are needed 
identify critical environmental thresholds.  Improved reliability and skill of extended weather forecasts 
are needed both for atmospheric rivers and for exceedance/non-exceedance of extreme precipitation 
events. Operational and experimental hydrometeorological modeling and probabilistic forecasts at the 
appropriate spatial and temporal scales are needed to adequately inform reservoir operation decision 
making.  Thus, the research agenda incorporates key aspects of each topic. FIRO team incorporates 
diverse and complementary strengths in its research objectives 

FIRO team incorporates diverse and complementary strengths in its research objectives 
The FIRO team includes representatives from a wide range of federal, state, local, university and private 
sector organizations with the requisite capabilities and knowledge to pursue the diverse set of technical 
challenges FIRO is tackling.  In broad terms USACE brings expertise in reservoir operations, dam safety, 
flood risk management, hydraulic prediction systems; NOAA has core capabilities in weather and 
hydrologic monitoring, research and predictions, as well as in implementations, tracking and planning 
for fisheries ecology and salmonid recovery; USGS hydrologic models and monitoring are key in the 
region; Scripps’ has key expertise in atmospheric-river science, regional-to-global hydroclimate 
predictions, and numerical weather modeling;  private sector representatives bring key capabilities and 
histories in planning, reservoir operations decision support systems, and other tools; CA DWR brings 
expertise in many areas ranging from enhanced flood response and emergency preparedness methods 
to drought preparation and response and climate change factors; USBR brings expertise in keys areas of 
water management and extreme event risk assessment, local agencies (like SCWA) bring the deep, 
realistic and historical knowledge of the needs, tradeoffs, economics and opportunities for using FIRO to 
improve water supply outcomes with no diminishment of flood protection.    
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Programmatic strategies to organize and advance the necessary research 
There is no single existing research program that has the necessary breadth and depth of disciplines and 
capabilities that will be needed to fully assess the viability of FIRO.  There is no single organization 
capable of carrying out all the necessary research and development.  Nonetheless, taken as a whole, the 
partners already involved in developing this FIRO Workplan do provide most of the necessary range of 
capabilities.  In addition, some partners have the potential to direct their own internal research staff and 
facilities to engage in this effort to carry out some elements of the workplan.  However, the level of 
federal research funding today is such that in many cases additional funding will be needed to support 
major new directions even within existing federal agencies.  Other key participants in this effort are at 
universities or private companies and require significant funding to bring their expertise and vision to 
the FIRO team.  The fundamental approach programmatically has been for members of the team to take 
our Workplan to their executives for consideration of internal and program support, and to leverage 
existing related research efforts, such as CalWater and HMT. 

As FIRO viability assessment activities move forward, a more formal and directly funded structure may 
be useful for engaging and allowing all team members (plus others that may be recruited) to focus on, 
and make the necessary advances towards, filling scientific, modeling, monitoring and decision-support 
tools needed for FIRO viability. In addition, outreach can be undertaken to inform key individuals who 
affect long-term research policy and funding so that they are aware of the potential large benefits and 
needs for FIRO. 

Table 8.1 Immediately required research activities 
Research Direction or Topic  
Forecasting/Prediction Improvements & Tools 
  Quantify past performance of weather and streamflow predictions, and reservoir operations 
  Improve the detecting and tracking atmospheric rivers over the Pacific Ocean and at landfall 
  Determine the causes of major forecast errors in past strong ARs and flood events 
  Improve forecasting of atmospheric river landfall position, strength and orientation  
  Improve prediction of the duration of atmospheric river conditions over the Russian River 
  Diagnose the role of mesoscale frontal waves in causing long-duration AR conditions over the Russian River 
  Study the origins and predictions of the strong high pressure ridge that persisted over the Eastern Pacific in 
recent winters 
  Develop a specialized weather prediction mode tailored to AR and precipitation prediction for the Russian 
River 
  Develop reforecasting data set to improve bias-correcting and post-processing of precipitation forecasts 
  Improve exceedance/non-exceedance extreme precipitation forecasts from 0-10 days lead times) 
  Test the value of assimilation of measurements using dropsondes released from aircraft offshore 
  Improving microphysics in numerical weather models to improve forecasts of orographic precipitation 
  Quantify aerosol impacts on orographic precipitation in the region 
  Implement an enhanced hydrometeorological monitoring network 
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Hydrologic Tools 
  Develop and test distributed hydrologic modeling capabilities 
  Quantify correlations between soil moisture, precipitation, Lake Mendocino storage and tributary flows 
  Quantify and model relations between Lake Mendocino operations and operations of other flood- and water-   
management systems within the river basin, as well as correlations with unmanaged flows and floods 
  Explore how hydrologic loading factors affecting the Coyote Valley Dam safety rating could potentially be 
improved 
  Soil moisture monitoring, assessment and data assimilation 
Fisheries-related Research 
  Improve understanding of water quality issues due to current reservoir operations (i.e., temperature and 
turbidity) 
  Lake Mendocino water quality monitoring (i.e., temperature, dissolved oxygen, and turbidity) for reservoir 
inflow, stored water and reservoir outflow 
  Develop a more reliable method of estimating flow of reservoir releases, such as the installation of an index-
velocity meter at the current gaging site or the implementation of some alternative method to directly estimate 
reservoir releases. 
  Evaluation of options and flow impacts of various ramping rates and potential impacts to salmonids (i.e., ramp 
up/down) 
Data Coordination and Modeling 
  Data coordination and interoperability 
  Develop stress test scenarios 
  Apply DHM for selected stress test flood events 
  Use ResSim to evaluate stress tests 
  Reservoir simulation 
  Agent-based reservoir operations modeling 
  Establish bookend scenarios for benefit and economic analysis 
  Reservoir operations benefits assessment 
  Risk-Benefit analysis 
  Explore the impact of more accurate and efficient infiltration modeling on hydrologic flow prediction 
  Explore the benefits of coupling water quality models (CEQual-W2, a water quality and hydrodynamic model in 
2D -- longitudinal-vertical -- for rivers, estuaries, lakes, reservoirs and river basin systems) with ResSim reservoir 
operations simulation 
  Improve full coverage and real-time (and what-if) mapping and prediction of flood-flow inundations 
throughout the basin 
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IMPROVING RELIABILITY FOR DROUGHTS & FLOODS:  
FORECAST-INFORMED RESERVOIR OPERATIONS (FIRO)

For example, following an atmospheric river-type storm in December 2012, water was released to create �ood 
space according to the Manual, dropping reservoir levels by more than 35%. 2013 was the driest year on record,
resulting in little in�ow to re�ll the reservoir. By December 2013 lake levels were extremely low and remained 
low through 2014. Ideally, water from the December 2012 event could have been retained based on a 
longer-term precipitation forecasts, lessening the impact of drought.
the potential solution An interagency Steering Committee was formed to explore methods for 
better balancing �ood control and water supply needs. �e committee, consisting of state and federal agencies,
the Center for Western Water and Weather Extremes (CW3E) at UC San Diego and Sonoma County Water 
Agency are working together on a viability study to determine if Forecast-Informed Reservoir Operations 
(FIRO) at Lake Mendocino can improve water supply, maintain �ood risk reduction, and achieve additional 
ecosystem bene�ts. Recent studies show the potential for improved predictability of atmospheric rivers, which 
provide 50% of the region’s precipitation and cause most of the Russian River’s �oods.
FIRO is a management strategy that uses data from watershed monitoring and modern weather and water 
forecasting to help water managers selectively retain or release water from reservoirs in a manner that re�ects 
current and forecasted conditions. FIRO’s utilization of modern technology can optimize the use of limited 
resources and represents a viable climate change adaptation strategy.
�e goal of FIRO is to update standard �ood control guidelines in order to improve water supply and 
environmental outcomes without diminishing �ood risk reduction or dam safety. Examples of tangible bene�ts 
include:

project status A workshop was held in August 2014, at University of California San Diego/Scripps 
Institution of Oceanography. �irty-two representatives from multiple agencies met for three days to scope out 
an appraisal-level FIRO study.  A work plan is now being drafted for release in early 2015. �e FIRO study is 
expected to occur over the next �ve years (depending on funding).
Tangible outcomes from the full Lake Mendocino FIRO study will include identi�cation, assessment and 
enhancement of the best science available to improve operations to maximize �ood control, water supply and 
ecosystem bene�ts. �e evaluation will identify realistic, short-term steps to provide more accurate and timely 
information about weather and watershed conditions. In addition to bene�tting Lake Mendocino, the project 
has transferability potential throughout the western U.S.
contacts/steering committee co-chairs:
Jay Jasperse (FIRO Co-Chair), Chief Engineer, Sonoma County Water Agency 
707.547.1959  •  jay.jasperse@scwa.ca.gov
F. Martin Ralph (FIRO Co-Chair), Director, Center for Western Weather and Water Extremes at 
UC San Diego’s Scripps Institution of Oceanography   858.822.1809  •  mralph@ucsd.edu

(over)

background Lake Mendocino is located on the East Fork of the Russian
River in Mendocino County, California.  Created in 1958 by the Coyote Valley 
Dam, it provides �ood control, water supply, recreation and stream �ow 
regulation. �e U.S. Army Corps of Engineers (Corps) owns and operates the 
dam in accordance with the Lake Mendocino Water Control Manual (1959, 
revised in 1986).   Sonoma County Water Agency is the local partner that 
manages water stored in Lake Mendocino for water supply. 
�e Manual speci�es elevations for an upper volume of reservoir storage that 
must be kept available for capturing storm runo	 and reducing �ood risk and a 
lower volume of storage that may be used for water supply.  During a �ood event, 
runo	 is captured by the reservoir and released soon after to create storage space 
for another potential storm. �e Manual is based on typical historical weather 
patterns– wet during the winter, dry otherwise.

the problem 
�e Manual utilizes gross estimates of �ood potential to establish reservoir 
storage and release requirements.  It does not account for changing conditions in 
the watershed—for example, increased variation in dry and wet weather patterns 
and reductions to imported �ows into the Lake that have occurred since 1986. 
Also, the Manual’s reservoir operations procedures were developed decades ago, 
without the bene�t of current science that more accurately predicts weather and 
stream�ow.  
Given reduced supplies, changed hydrologic conditions, and technological 
advances, some adjustments to the current reservoir operating procedures may be 
possible to optimize the goals of maintaining �ood control while bolstering water 
supply reliability for downstream users and the environment (e.g., to support 
recovery of endangered and threatened �sh).  Modern observation and prediction 
technology could be used to reduce �ood risk by supporting decisions of greater 
reservoir level drawdown in advance of storms.  Or, such technology might be 
used to improve supply reliability by permitting more storm runo	 to be retained 
for water supply while still preserving �ood risk reduction objectives.   
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For example, following an atmospheric river-type storm in December 2012, water was released to create �ood 
space according to the Manual, dropping reservoir levels by more than 35%. 2013 was the driest year on record, 
resulting in little in�ow to re�ll the reservoir. By December 2013 lake levels were extremely low and remained 
low through 2014. Ideally, water from the December 2012 event could have been retained based on a 
longer-term precipitation forecasts, lessening the impact of drought.
the potential solution An interagency Steering Committee was formed to explore methods for 
better balancing �ood control and water supply needs. �e committee, consisting of state and federal agencies, 
the Center for Western Water and Weather Extremes (CW3E) at UC San Diego and Sonoma County Water 
Agency are working together on a viability study to determine if Forecast-Informed Reservoir Operations 
(FIRO) at Lake Mendocino can improve water supply, maintain �ood risk reduction, and achieve additional 
ecosystem bene�ts. Recent studies show the potential for improved predictability of atmospheric rivers, which 
provide 50% of the region’s precipitation and cause most of the Russian River’s �oods.
FIRO is a management strategy that uses data from watershed monitoring and modern weather and water 
forecasting to help water managers selectively retain or release water from reservoirs in a manner that re�ects 
current and forecasted conditions. FIRO’s utilization of modern technology can optimize the use of limited 
resources and represents a viable climate change adaptation strategy. 
�e goal of FIRO is to update standard �ood control guidelines in order to improve water supply and 
environmental outcomes without diminishing �ood risk reduction or dam safety. Examples of tangible bene�ts 
include:

project status A workshop was held in August 2014, at University of California San Diego/Scripps 
Institution of Oceanography. �irty-two representatives from multiple agencies met for three days to scope out 
an appraisal-level FIRO study.  A work plan is now being drafted for release in early 2015. �e FIRO study is 
expected to occur over the next �ve years (depending on funding).
Tangible outcomes from the full Lake Mendocino FIRO study will include identi�cation, assessment and 
enhancement of the best science available to improve operations to maximize �ood control, water supply and 
ecosystem bene�ts. �e evaluation will identify realistic, short-term steps to provide more accurate and timely 
information about weather and watershed conditions. In addition to bene�tting Lake Mendocino, the project 
has transferability potential throughout the western U.S.
contacts/steering committee co-chairs:
Jay Jasperse (FIRO Co-Chair), Chief Engineer, Sonoma County Water Agency 
707.547.1959  •  jay.jasperse@scwa.ca.gov
F. Martin Ralph (FIRO Co-Chair), Director, Center for Western Weather and Water Extremes at 
UC San Diego’s Scripps Institution of Oceanography   858.822.1809  •  mralph@ucsd.edu

 

background Lake Mendocino is located on the East Fork of the Russian 
River in Mendocino County, California.  Created in 1958 by the Coyote Valley 
Dam, it provides �ood control, water supply, recreation and stream �ow 
regulation. �e U.S. Army Corps of Engineers (Corps) owns and operates the 
dam in accordance with the Lake Mendocino Water Control Manual (1959, 
revised in 1986).   Sonoma County Water Agency is the local partner that 
manages water stored in Lake Mendocino for water supply. 
�e Manual speci�es elevations for an upper volume of reservoir storage that 
must be kept available for capturing storm runo	 and reducing �ood risk and a 
lower volume of storage that may be used for water supply.  During a �ood event, 
runo	 is captured by the reservoir and released soon after to create storage space 
for another potential storm. �e Manual is based on typical historical weather 
patterns– wet during the winter, dry otherwise.

the problem 
�e Manual utilizes gross estimates of �ood potential to establish reservoir 
storage and release requirements.  It does not account for changing conditions in 
the watershed—for example, increased variation in dry and wet weather patterns 
and reductions to imported �ows into the Lake that have occurred since 1986. 
Also, the Manual’s reservoir operations procedures were developed decades ago, 
without the bene�t of current science that more accurately predicts weather and 
stream�ow.  
Given reduced supplies, changed hydrologic conditions, and technological 
advances, some adjustments to the current reservoir operating procedures may be 
possible to optimize the goals of maintaining �ood control while bolstering water 
supply reliability for downstream users and the environment (e.g., to support 
recovery of endangered and threatened �sh).  Modern observation and prediction 
technology could be used to reduce �ood risk by supporting decisions of greater 
reservoir level drawdown in advance of storms.  Or, such technology might be 
used to improve supply reliability by permitting more storm runo	 to be retained 
for water supply while still preserving �ood risk reduction objectives.   

 

Improve Supply Reliability for Downstream Uses - When storms cause moderate-to-high reservoir levels, normal 
operation is to release water to re-establish �ood control space. With FIRO, some of that water could be retained 
for future supply as long as no major precipitation is predicted for several days and it can be demonstrated that 
the retained water can be released past downstream �ood prone areas before the arrival of the next storm. �is 
strategy will permit earlier supply capture in some years, improving summer season supply reliability for 
downstream water users and improving the timing and volume of releases to protect water quality and provide 
�ows needed for recovery of �sh populations.
Enhance Flood Risk Reduction - When a storm is predicted to cause �ooding, normal operations call for release of 
reservoir water and drawdown of water levels. With FIRO, release decisions would consider weather observations 
and predictions, which, in some cases, would indicate greater drawdown for �ood risk reduction so long as there 
is con�dence that the amount of precipitation and runo	 will restore reservoir levels for water supply after the 
storm. 
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STATE OF CALIFORNIA 
STATE WATER RESOURCES CONTROL BOARD 

In the Matter of Application 19351 1 
and Permits 12947A, 12949, 12950, and ) 
16596 Issued on Applications 12919A, ) 
15736, 15737, and 19351, 

! 
SONOMA COUNTY WATER AGENCY, 1 DECISION 1610 

Applicant, Permittee, 1 
and Petitioner, ) SOURCES: East Fork Russian 

DEPARTMENT OF FISH AND GAME,' 
1 River, Russian 
1 

MENDOCINO COUNTY AND MENDOCINO COUNTY ) 
River, and Dry 
Creek 

FLOOD CONTROL AND WATER CONSERVATION ) 
DISTRICT, MENDOCINO COUNTY RUSSIAN ) COUNTIES: Sonoma and 
RIVER FLOOD CONTROL AND WATER ) Mendocino 
CONSERVATION IMPROVEMENT DISTRICT, ) 
MASONITE CORPORATION, FITCH 1 
MOUNTAIN WATER CO., INC., FITCH 
MOUNTAIN ASSOCIATION, INC., TOOMEY 1 
PUMP, INC., CHRIS 3. AND CONSTANCE E. ) 
MILLER, RESIDENTS OF REDWOOD DRIVE, ) 
TROWBRIDGE RECREATION, INC., AND CITY ) 
OF CLOVERDALE, ) 

Protestants, ; 

UNITED ANGLERS OF CALIFORNIA, i 
ALEXANDER VALLEY ASSOCIATION, ) 
RUSSIAN RIVER WATER RIGHTS PROTECTIVE ) 
ASSOCIATION, CITY OF HEALDSBURG, ) 
HEALDSBURG CHAMBER OF COMMERCE, 
RIO LINDO ADVENTIST ACADEMY, and ; 
JORDAN VINEYARDS AND WINERY, 

',, 
Interested Parties. ) 

) 

DECISION APPROVING APPLICATION IN PART 
AND APPROVING PETITIONS IN PART 

BY BOARD MEMBER FINSTER: 

1.0 INTRODUCTION 

Sonoma County Water Agency (hereinafter referred to as "SCWA") having 

requested partial approval of the direct diversion portion of 

._- 
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peti 

ication 19351 (previously permitted for storage) and having filed 

tions to extend time to complete construction and use of water 

under Permits 12947A, 12949, and 12950, to amend terms and conditions 

of Permits 12947A, 12949, and 12950, to change the place of use under 

Permit 12947A, and to amend the terms and conditions of Permit 16596 

issued on.Application 19351; notice having been given and protests 

having been received; notice of hearing having been given; a public 

hearing having been held before the State Water Resources Control 

Board on fifteen dates between October 29, 1984 and February 28, 1985; 

applicant, protestants and interested parties having appeared and 

presented evidence; the Board having considered all evidence in the 

record; the'Board finds as follows: 

2.0 BACKGROUND 

Applicant and petitioner SCWA currently holds four permits to appro- 0 

priate water for the Russian River Project from the Russian River, the 

East Fork Russian River, and Dry Creek. The Board's predecessor, the 

State Water Rights Board, approved three of these permits in Decision 

D 1030. Therein, the Board's predecessor approved issuance of permits 

jointly to SCWA and to Mendocino County Russian River Flood Control 

and Water Conservation Improvement District (Mendocino Improvement . 

District) on Applications 12919A and 12920A. In the same decision the 

Board approved SCWA's Applications 15736 and 15737 (Permits 12949 and 

12950). Together, these permits authorized diversion to storage,at 

Coyote Dam and direct diversion and rediversion of water from the 

2. 



Russian River at various points. Subsequently, the Board in Decision 

1416 approved in part Application 19351 (Permit 16596) for storage of 

water at Warm Springs Dam on Dry Creek, but restricted the use of such 

water to in-channel purposes until further hearing and order of the 

Board. The Board withheld action on the direct diversion portion of 

Application 19351. 

In I974 the Board reviewed the permits approved in Decision D 1030 on 

Applications 12919A, 12920A, 15736 and 15737, and ordered the permits 

amended in Order WR 74-30 to, among other things, (1) limit the com- 

bined direct diversion and rediversion of stored water at the Wohler 

and Mirabel Park pumping'facilities to 37,544 acre-feet per annum 

(hereinafter afa), (2) combine the purposes of use under Applications 

12919A and 12920A into Application 12919A, (3) revoke {he permit on 

Application 12920A as no longer necessary, and (4) divide the 

remaining permit, Permit 12947, into Permits 12947A (held by-SCWA) and 

129478 (held by Mendocino Improvement District). In Order WR 74-34 

the Board granted SCWA reconsideration on the limit of 37,544 afa on 

its diversions at Wohler and Mirabel. That reconsideration is one of 

the issues in this decision. It was delayed, along with action on the 

three petitions filed in 1975, pending completion of an adequate 

environmental impact report by SCWA. 

3.0 SUBSTANCE OF THE PETITIONS AND APPLICATION 

SCWA has filed five petitions in addition to 

Order WR 74-30, all of which are subjects of 

five petitions are as follows: 

3. 

the reconsiderat ion of 

this proceeding. The 



a. Petition to extend the time to complete construction and use of 0 

water (filed in 1975), 

b. Petition to increase the maximum combined rates of direct 

diversion and rediversion of stored water at Wohler and Mirabel 

under Permits 12947A, 12949, and 12950 from 92 cubic feet per 

second (hereinafter cfs) and 37,544 afa to 180 cfs and 75,000 afa 

(filed in 1975), 

C. Petition to authorize direct diversion of 180 cfs from the Russian 

River under Application 19351 (filed in 1975), 

d. Add Redwood Valley County Water District as a 

Permit 12947A (filed in 1983), and 

place of use under 

e. Remove the restriction to in-channel purposes 

the use of stored.water from Lake Sonoma, and 

in Permit 16596 on ec 

allow rediversion of 

up to 75,000 afa of stored water at the Wohler and Mirabel 

facilities (filed in 1983). 

4.0 PROJECT DESCRIPTION 

The Russian River Project is a water diversion and storage project 

operated by SCWA to furnish water from the Russian River, the East 

Fork Russian River, and Dry Creek for domestic, industrial, municipal, : 

irrigation, and recreational uses. SCWA supplies water to the City of 

Cotati, the City of Petaluma, the City of Rohnert Park, the City of 

(. 
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Sqnta Rosa, the City of Sonoma, the Forestville County Water District, 

the North Marin Water District, the Valley of the Moon Water District, 

Marin Municipal Water District, and several individuals. 

The Russian River Project includes storage of water at Lake Mendocino 

on the East Fork Russian River in Mendocino County and at Lake Sonoma 

on Dry Creek in Sonoma County, diversion and rediversion facilities at 

Wohler and Mirabel Park in Sonoma County, and an aqueduct system to 

convey water from the Russian River to the service areas in southern 

Sonoma County and in Marin County. Much of the water appropriated 

from the East Fork Russian River originates in the Eel River watershed 

and is diverted to the East Fork by Pacific Gas and Electric Co. 

through a hydroelectric power tunnel. 

SCWA shares conservation space at Lake Mendocino with Mendocino 

Improvement District. Together, the two agencies have permits to 

store up to 122,500 afa in Lake Mendocino. SCWA has a permit to store 

up to 245,000 afa in Lake Sonoma. The two storage reservoirs are 

owned by the U. S. Corps of Engineers. 

PROTESTS ’ 

There were a total of twenty-two unresolved protests against, the five 

petitions filed by SCWA. Of the protestants, only eleven appeared and 

participated in the hearing. These were Department of Fish and Game, 

Mendocino County and Mendocino County Flood Control and Water 

Conservation District, Mendocino County Russian River Flood Control 

and Water Conservation Improvement District, Masonite Corporation, 

5. 



Fitch Mountain Water Co., Inc., Fitch Mountain Association, Inc., 

Toomey Pump, Inc., Chris 3. and Constance E. Miller, Residents of 

Redwood Drive, Trowbridge Recreation, Inc., and City of Cloverdale. 

The bases for these protests are set forth in Table 5.1. All other 

protests are dismissed, pursuant to 23 Cal.Adm.Code 9731, for failure 

to appear at the hearing. Additionally, seven interested parties 

appeared and presented evidence, as follows: United Anglers of 

California, Alexander Valley Association, Russian River Water Rights 

Protective Association, City of Healdsburg, Healdsburg Chamber of 

Commerce, Rio Lindo Adventist Academy, and Jordan Vineyards and 

Winery. 
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TABLE 5.1 

Protests 

Adverse 

Calif. Dept. of Fish and 
and Game 

Mendocino Co. & Mendocino 
Co. Flood Control and 
Water Conservation 
District* 

Fitch Mountain Water 
Co., Inc. 

Fitch Mountain Association, 
Inc. 

The Residents of 
Redwood Drive 

Toomey Pump, Inc. 

Chris J. & Constance E. Miller 
and Residents of 
Redwood Drive ,’ 

Trowbridge Recreation, Inc. 

City of Cloverdale 

Masonite Corporation 

Mendocino County Russian 
River Flood Control and 
Water Conservation 
Improvement District 

X X X 

x i 
X 

X 

X X x ( 

* Also protested on the basis that the petitions invol 
within the Board's jurisdiction. 

ved matters that are not 

6.0 VERIFICATION OF SCWA'S FLOW ANALYSES 

In the hearing, SCWA introduced in evidence a number of analyses of 

different operating options and flow scenarios on the Russian River. 
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These analyses were based on a.computer simulation of the upper Eel 

River and the Russian River. The computer simulation originally was 

developed by the Department of Water Resources. 

When it analyzed the record, the Board reanalyzed the data in the 

record which SCWA had used for its analyses, using services of the 

Department of Water Resources, in order to verify independently SCWA'S 

analyses. Several computer simulations were run, some of which were 

intended to match the scenarios SCWA had run, and some of which 

analyzed alternative scenarios. In the course of reanalyzing SCWA's 

scenarios, we found that SCWA's simulations used dry year demands for 

all except the first year of record modeled. Since dry year 

agricultural demands are.higher than normal year demands, SCWA'S 

simulations predict higher river flows in some reaches and lower 

reservoir levels than would exist under actual demand situations. 

Consequently, we rely herein on our own analyses of the various flow 

scenarios. 

7.0 PETITION TO AUTHORIZE DIRECT DIVERSION UNDER APPLICATION 19351 

In this proceeding SCWA has petitioned the Board to authorize direct 

diversion of 180 cfs under Application 19351. Application 19351 was 

filed on April 12, 1960, for storage in Lake Sonoma and for direct 

diversion of water from Dry Creek. The Russian River was,added as a 

source of direct diversion on January 12, 1968. SCWA's application, 

as amended, was for a permit to appropriate 290 cfs by direct 

diversion and to appropriate 320,000 afa by storage. In Water Right 
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0 
Decision 1416, the Board authorized storage of 245,000 afa in Lake 

Sonoma under Application 19351, but withheld action on the direct 

diversion portion of the application pending further hearing and a 

showing of need for the water. 

. 

7.1 Avail&i 1 ity of Unappropriated Water for Direct Diversion 

We find that because of the coordinated operation of Lake Sonoma and 

Lake Mendocino and the minimum flows discussed in paragraph 13, below, 

unappropriated water will be available in most months in the Russian 

River at the Wohler and Mirabel diversion points under year 1985 

demand levels. However, under year 2020 demand levels, we expect that 

there will often be no water available for direct diversion under 

Application 19351 during the months of June, July, August, and 

September. 

0 7.2 Need for Water Under Direct Diversion Rights 

In order to divert water for the Russian River Project to the full 

extent authorized, and to avoid excessive drawdowns of storage, 

reservoirs, SCWA requires a mixture of available direct diversions and 

rediversi0n.s of stored water. SCWA's current direct diversion rights 

. 

are 92 cfs from the East Fork Russian River under Permit 12947A, year 

round, 20 cfs from the Russian River under Permit 12949, year round, 

and 60 cfs from the Russian River under Permit 12950, from April 1 

through September 30 for irrigation and domestic purposes. The 60 cfs 

available under Permit 12950 is for only a limited season and is 

primarily for agricultural use. The 92 cfs under Permit 12947A is 

available only when direct diversion flow reaches Wohler and Mirabel 
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7.3 

from the East Fork Russian River. During the summer, East .Fork flow 
a 

often will be consumed before it reaches Wohler and Mirabel. Con- 

sequently, SCWA's right to direct diversion could be limited at times 

to the 20 cfs diversion authorized under'permit 12949. A'S a result, 

situations could occur where water available for appropriation is 

present at Wohler and Mirabel, but SCWA has inadequate rights to 
E 

divert the water, Under such circumstances SWCA might have to release 

excessive quantities of water from storage, reducing the storage 

levels in Lake Sonoma or Lake Mendocino . The flow and reservoir 

levels predicted as a result of the minimum flow requirements ordered 

by this decision contemplate that.SCWA will have adequate direct 

diversion rights when water is available. Absent adequate direct 

diversion rights, reservoir storage levels likely would be lower than 

expected. Consequently, we find that the direct diversion portion of 

Application 19351 should be approved for the 180 cfs requested. 

However, direct diversion at Wohler and Mirabel under Application 

should not 19351 in combination with Permits 12947A, 12949, and 12950 

exceed this amount. The amount diverted under this author ization wil 1 

ight is vary according to availability of water. When the, water r 

licensed, the authorized direct diversion can be adjusted to the 

amount actually used within the authorization, 

Disposition of the Remaining 110 Cubic Feet Per Second Under 
Application 19351 

SCWA has requested that the Board withhold action on the remaining 110 

cfs not requested to be authorized for diversion at this time under 

APP 1 ication 1 9351. However, we find that SCWA has failed to 
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demonstrate that it has a clear or feasible plan for the use of the 

additional flow within a reasonable time. Therefore, based on 

provisions of 23 Cal.Admin.Code $776, we will deny approval of the 

remaining 110 cfs. 

r 

8.0 PETITIONS TO INCREASE THE DIVERSION OF WATER AT WOHLER AND MIRABEL 
UNDER PERMITS 12947A, 12949, and 12950 

SCWA petitioned the Board (1) to amend Permit 12947A to increase the 

maximum rate of rediversion of stored water at Wohler and Mirabel from 

92 cfs to 180 cfs, 

diversion and redi 

and 12950 from 92 

and (2) to increase the maximum combined direct 
4 

version of stored water under Permits 12947A, 12949, 

cfs and 37,544 afa to 180 cfs and 75,000 afa. 

However, under the petition the maximum combined direct diversion 

under the three permits woul d remain at 92 cfs. Near the end of the 

hearing, SCWA withdrew that part of its petition that requested an 

increase in direct diversion and rediversion under Permit 12947A from 

37,544 afa to 75,000 afa. The net result of this change is that SCWA 

has remaining a petition to increase the annual direct diversion from 

the Russian River under Permits 12949 and 12950, from 37,544 afa to 

75,000 afa. 

The requested increase from 92 cfs to 180 cfs as a combined limit on 

direct diversion and rediversion of stored water under Permits 12947A, 

12949, and 12950 cannot be approved because, as stated in Order WR 74-34, 

SCWA's combined 

Permits 12947A, 

Further, during 

its petition as 

net rediversion and direct diversion rights under 

12949 and 12950 at Wohler and Mirabel are 92 cfs. 

the hearing, SCWA agreed that a result of withdrawing 

to Permit 12947A would be to limit the combined direct 
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diversion and rediversion to 92 cfs. RT XVII,17:8-9. Additionally, 

we note that the limit on direct diversion under Permi t 12949 is 20 

cfs year round, and under Permit 12950 is 60 cfs from April 1 to 

September 30 of each year. These limits are unchanged. 

The Board imposed a combined limit of 37,544 afa of direct diversion ’ 

and rediversion of stored water at Wohler ,and Mirabel under Permits 

12947A, 12949 and 12950 in Order WR 74-30. Subsequently, in Order WR 

74-34, the Board approved reconsideration of this, limitation. Permits 

12949 and 12950 authorize direct diversion without placing a limit on 

the total annual diversion. Although the Board in Order WR 74-30 

considered a combined limit, the order imposing a limit has never 

become final as to 

water is available 

interest. 

Permits 12949 and 12950, and may now be changed if 

for appropriation and the change is in the public 

8.1 Availability of Water for Direct Diversion at Wohler and Mirabel in 
kxcess of 31,544 Acre-l-eet Per Annum Under Permits 12949 and 12950 

We have found in Paragraph 7.1 above that water is available for appro- 

priation by direct diversion at Wohler and Mirabel. Since Permits 

12949 and 12950 represent more senior rights than Application 19351, 

12950 its 12949 and it follows that water is also available under Perm 

to contribute to an increase in the combined limit 

the three perrjlits. 

of 37,544 afa on 

9.0 COMBINED LIMIT ON DIRECT DIVERSION AND REDIVERSION AT WOHLER AND 
MI RABEL 

SWCA has asked that the combined annual limit under all four of its 

permits and application considered herein be raised to or set at 

75,000 afa for diversion and rediversion at Wohler and Mirabel. Water 
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is availab le for this amount of comb ined direct,diversion and 

rediversion, under the instream flow requirements discussed in 

paragraph 13. 

Additionally, SCWA has presented substantial evidence that its need 

for water in its places of use will increase to 75,000 afa, and that 

its proposed uses are beneficial. Consequently, the combined limit on 

direct diversion and rediversion may be raised to 75,000 afa. 

10.0 PETITION TO ADD REDWOOD VALLEY TO THE PLACE OF USE UNDER PERMIT 12947A 

SCWA has petitioned to add the service area of the Redwood Valley 

County Water District, within T16N and T17N, R12W, MDB&M, to its place 

of use under Permit 12947A, and in conjunction with this change has 

requested an additional withdrawal from storage at Lake Mendocino of 

e 7,500 afa. SCWA has established that Redwood Valley, because it is 

growing in population and in agricultural uses, has a need for the 

water. 
. 

10.1 Scope of Permit 12947A 

Permit 12947A authorizes the diversion to storage in Lake Mendocino of 

122,500 afa. Of the yield from this storage, Mendocino Improvement 

District may withdraw up to 8,000 afa for use within its place of use 

under Permit 129478. Subject to prior rights, a 10,000 acre-foot per 

annum reservation for use by appropriators in the Russian River Valley 

in Sonoma County who commence diversions after January 28, 1949, and 

maintenance of minimum flows, the balance of the water that annually 

may be diverted to storage in Lake Mendocino is available to SCWA for 
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its use, assuming it has an authorized point of diversion and place of 

use for the water. 

Assuming that the requested withdrawal of 7,500 afa is available from 

Lake Mendocino without increasing the amount of water authori,zed for 

storage therein -- i.e., without storing more than 122,500 afa -- and 

without impairing any of the uses to which SCWA's right is subject, 

the change can be approved under SCWA's existing rights. This is 

because the right is to store water, and an authorization of an 

additional withdrawal from storage will not increase the amount that 

may be stored. Consequently, the decision whether to approve the 

requested change depends upon the availability of water and whether 

the change will injure any legal user of the water. 

10.2 Availability of Water for the Proposed Change 

With less than 30,000 acre-feet of carry-over storage, Lake 

Mendocino's reliability as a storage facility is impaired, Since it 

could go dry 

were extreme 

paragraph 13 

spring following a lower carry-over if the winter and 

ly dry. Under the 

, there would be n ine years out of fifty-six when there 

wou 

rel 

1 d be inadequate water to both maintain Lake Mendocino's 

ability as a storage facility and serve Redwood Valley. 

minimum flow requirements discussed in 

In years when inadequate water is available, the withdrawal of 7500 

vafa from Lake Mendocino could deprive other legal users of water. 

Under term 20 of Permit 12947A, deliveries to Redwood Valley, which is 

outside the Russian River Valley, are junior to all uses of water 
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within the Russian River Valley. Consequently, any diversion to 

Redwood Valley under Permit 12947A should be conditioned to ensure 

that it does not impair other legal uses of water. 

The following constraints should be placed on any withdrawal from 

storage for use in Redwood Valley: (1) During critical and very dry 

years SCWA should make no withdrawals from storage for Redwood Valley 

under Permit 12947A; (2) at other times, whenever storage in Lake 

Mendocino is less than 30,000 acre-feet, Redwood Valley should be 

delivered from Lake Mendocino no more than 50 percent of its average 

monthly use; (3) withdrawals from storage for Redwood Valley should be 

limited to 7500 afa; (4) if withdrawals from storage are ceased 

pursuant to point (l), they should not be resumed until after October 

31 of that year and after storage in Lake Mendocino has risen to above 

30,000 acre-feet or until SCWA has demonstrated, to the satisfaction 

of the Chief of the Division of Water Rights, that storage will not 

fall below 30,000 acre-feet that year; (5) a conservation program 

should be developed for Redwood Valley, to ensure that water delivered 

under this decision is not used wastefully or unreasonably; (6) any 

agreement between Redwood Valley and SCWA should be made subject to 

permit provisions for ceasing or reducing withdrawals from storage, 

and such contract should be provided to the Board; and (7) 

jurisdiction should be reserved to modify the above requirements or to 

impose different requirements. 
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11.0 PETITION FOR EXTENSION OF TIME UNDER PERMITS 12947A, 12949, AND 12950 

SCWA petitioned in 1975 for extensions of time under Permits 12947A, 

12949 and 12950 to complete construction at Wohler and Mirabel and to 

apply water to beneficial use. The requested extensions are from 

0 

December 1, 1975 to December 

December 1, 1985 .to December 

the proposed beneficial use. 

1, 1987 for construction, and from 

1, 1999 for applicat on of the water to 

We find, based on the evidence, that SCWA is exert ising due diligence 

in construction of the Russian River Project. However, all construc- 

tion of diversion and rediversion facilities may not be complete until 

at least the end of 1993. Because of this delay, SCWA during the 

hearing orally requested that the time to complete construction be 

extended at least through 1993. No participant in the hearin.g 

objected to this request. If the extension were made only to 1987 as 
0 

originally requested, another extension would have to be processed 

almost immediately. Consequently, the time to complete construction, 

allowing for any additional delays, should be extended to December 1, 

1995. 

Likewise, we find that SCWA is exercising due diligence in applying 

the water to beneficial use. It is appropriate, based on the 

evidence, for the application of water to beneficial use to take more 

time. This helps ensure that water is not wastefully applied. It is 

possible that SCWA will reach its full beneficial use of water 

appropriated under these permits by December 1, 1999. Consequently, 

the requested extension may be approved. 
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PETITION TO AMEND PERMIT 16596 

0 
12.0 

12.1 Need For Water 

Term 5 of Permit 16596 contains restrictive language as follows: 

"NO water shall be used except for in-channel purposes 
until further hearing and order of the,Board. Said 
order shall be preceded by a showing by the 
how the water put to beneficial use will be 
reported." 

permittee of 
measured and 

SCWA petitioned in 1983 for amendment of term 5 of Permit 16596, 

(1) to authorize rediversion of 75,000 afa of stored water from Lake 

Sonoma at the Wohler and Mirabel pumping facilities, and (2) to 

authorize the use of such water for all of the purposes of use set 

forth in term 3 of Permit 16596. These purposes of use are 

recreational, domestic, industrial, and municipal. SCWA filed this 

petition to relieve restrictions in term 5 which the Board placed on 

its use of Lake Sonoma storage water in Water Right Decision 1416. 

.The quoted part of term 5 was included in the permit because, 

according to Decision 1416, SCWA had not shown how the water would be 

put to beneficial use or how any rediversions of the stored water 

would be measured and reported. Herein we consider whether SCWA has 

made a showing adequate to justify the Board's rescission of the 

quoted part of term 5 and to authorize the requested rediversions and 

beneficial uses. 

SCWA has a master contract with eight agencies for delivery of a firm 

supply of water in southern Sonoma County and in northern Marin 

County. Additionally, SCWA has an offpeak water supply contract with 
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Marin Municipal Water District. The total demand under these 

contracts is increasing as the population within the service areas of 0 

SCWA's contractors increases. In three recent years (1981, 1984 and 

1985), SCWA obtained authorization from the Board to divert and use 

water over and above that allowed under the 37,544 acre-foot per annum 

limit on diversion under its permits imposed in Order WR 74-30. 

Demand in SCWA's service area may reach 75,000 afa by the year 2000. 

Based on these findings, SCWA has shown that it has a need for 

additional water, up to 75,000 afa, in its service area. Enough water 

is not available from SCWA's other rights to satisfy this demand. 

Consequently, by making this showing, SCWA has satisfied the first of 

the term 5 permit requirements, that the water 

beneficial use if its diversion is approved. 

will be put to 

12.2 Accounting for Water 

SCWA also has offered a method for measuring and reporting not only 

the diversions from Lake Sonoma, but also the diversions under 

Permits 12947A, 12949, and 12950. However, SCWA's proposal contains 

several inconsistencies, and to some extent disregards legal 

priorities among the various water rights which SCWA holds. No other 

proposed accounting method is satisfactory. Nevertheless, the lack of 

an acceptable accounting method should not by itself be a basis for 

continuing the restrictions in Term 5. Consequently, rather than 

require a specific method of accounting at this time, we will require 

SCWA to record the specific operational data and streamflows listed in 

the order portion of this decision, and to develop a method of 
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12.3 BeneficialUse 

I 0 

submitting data to the Board on the quantities of direct diversion and 

rediversion of stored water used under its permits. Such method 

should be subject to approval by the Chief, Division of Water Rights. 

Since the intended recipients of water from Lake Sonoma will put the 

water to beneficial use for the permitted purposes, authorization to 

use the water for the permitted purposes is appropriate. 

12.4 Adequacy of Supply 

In two years of the fifty-six that were modeled, Lake Sonoma's 

carry-over storage was inadequate to meet normal demands in the 

following year. Consequently, SCWA should be required to reduce its 

deliveries in years when storage in'lake Sonoma drops below 100,000 

acre-feet before July 15, to ensure that an adequate carryover supply 

will rema 

source of 

implement 

i n. Also to ensure that Lake Sonoma remains an adequate 

supply for as long as possible, SCWA should develop and 

a master water conservation plan for its service area. Such 

a plan should use elements'of water conservation programs developed by 

or in conjunction with SCWA's contractors. 

13.0 MINIMUM INSTREAM FLOWS FOR THE RUSSIAN RIVER 

The central issue in this proceeding affects the Board‘s determination 

.; on all five of the petitions filed by SCWA and on reconsideration of 

I Order WR 74-30. This issue is the minimum instream flows in the 

Russian River that should be made conditions of SCWA's permits. 
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13.1 Amendment of Minimum Flow Requirements 

In Decision D 1030 and in Decision 1416, the Board incorporated by 

reference agreements between SCWA or its predecessor and the 

’ Department of Fish and Game, which set forth the minimum instream 

flows to be maintained by SCWA as a condition of Permits 12947A, 

* 12949, 12950, and 16596. The agreement pertaining to Permits 12947A, 

12949, and 12950 contains language giving the Board reserved 

jurisdiction over the permits for the purpose of amending the instream 

flow requirements, as follows: 

"A. The State Water Rights Board, or any.successor to 
the jurisdiction of said Board, as between the 
parties hereto, shall have continuing primary 
authority and jurisdiction over the subject of 
releases for minimum flows of water herein provided 
to be maintained in the channel of the Russian 
River for the protection, preservation and 
enhancement of fish and wildlife, to modify the 
same in accordance with law and equities between 
these parties in the interest of the public welfare 
to prevent waste, unreasonable or inequitable use, 
unreasonable or inequitable method of use or 
unreasonable or inequitable method of diversion of 
water." 

Because of this term, its authority to condition approval of the 

petitions filed by SCWA and its continuing authority under the public 

trust (National Audubon Society v. Superior Court, 189 Cal.Rptr. 346, 

33 Cal.3d 445 (1983) the Board has jurisdiction to amend the minimum 

instream flow requirements incorporated by reference in the above four 

permits. 

13.2 Selected Alternative 

Fifteen alternative sets of minimum flow requirements were discussed 

in the course of the proceeding. We conclude that a variation of the 

March 8, 1985 stipulation between SCWA and the Department of Fish and 
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Game is the best alternative. In choosing minimum flow requirements 

we weighed the performance and the effects of the various 

alternatives. In choosing an alternative we looked for one which 

generally (a) would not cause Lake Mendocino to go dry, (b) takes 

account of the continuing sedimentation in Lake Pillsbury, (c) 

includes dry and critical year criteria, (d) requires actions which 

are within the jurisdiction of the Board, (e) takes into account the 

existence of all of the facilities in the Russian River Project, (f) 

attempts to manage the system in the face of increasing demands for 

water, (9) includes dry spring criteria, and (h) preserves the fishery 

and recreation in the river and in Lake Mendocino to the greatest 

extent possible while serving the needs of the agricultural, 

municipal, domestic, and industrial uses which are dependent upon the 

water. We find that a set of minimum flow requirements which uses all 

of the features of the stipulation dated March 8, 1985 between SCWA 

and the Department of'fish and Game, except for one modification, will 

most closely meet these criteria. The selected minimum flow 

requirements are set forth in our order herein. 

Table 13.1 summarizes the projected median flows and the percentage of 

time at flows less than 200 cfs, 150 cfs, and 100 cfs in the Russian 

River and the expected Lake Mendocino storage levels under the 

selected alternative, under year 1985 and year 2020 demand conditions 

for May through October. It also summarizes the actual median flows 

and percentage of time at flows less than 200 cfs, 150 cfs, and 100 

cfs in the Russian River and in Lake Mendocino since 1959 when Lake 

Mendocino began storing water. 
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TABLE 13.1 

MEDIAN FLOW (cfs), AND 0 

MEDIAN LAKE MENDOCINO STORAGE VOLUME (acre feet) 
UNDER THE SELECTED ALTERNATIVE AND UNDER HISTORICAL 

CONDITIONS, AND PERCENT OF TIME AT LESS THAN 200, 150 AND 100 CFS: 
MAY THROUGH OCTOBER PERIOD 

--ICPUP=mP--- vmvm_ 

1985 DEMAND CONDITIONS: SELECTED ALTERNATIVE 
buerneville Healdsburg Lake Mendocino 

Flow Flow v01unie -_- 

May 446 299 89,400 
June 229 200 84,300 
July 202 200 71,300 
August 202 200 61,100 
September 185 165 57,700 
October 220 174 64,400 

- -m-y_ 

2020 DEMAND CONDITIONS: SELECTED ALTERNATIVE 
Guerneville Healdsburg 

-I_~ 
Lake Mendocino 

Flow Flow Volume 0 

May 376 282 88,600 
June 140 200 79,000 
July 140 200 62,000 
August 140 200 50,500 
September 140 165 47,100 
October 161 168 48,800 

-. - 

HISTORICAL CONDiTIONS 
Guerneville Healdsburg Lake Mendocino 

Flow Flow Volume 

May 510 500 82,900 
June . 230 232 81,600 
July 168 206 73,300 
August 170 220 64,000 
September 175 205 64,000 
October 245 242 62,500 



1985 DEMAND CONDITIONS: SELECTED ALTERNATIVE 
% Time 

Guernevllle Healdsburg Lake Mendocino 
Flow Flow Volume (1000 af) 

<200 cl50 ~100 (200 cl50 (100 (72.0 ~60.0 ~50.0~37.5 

May :7" 13 11 13 13 11 23 0 0 .O 
June 16 13 27 21 18 30 13 0 0 
July 46 14 11 25 20 18 55 29 11 0 
August 48 14 11 25 18 14 71 43 21 4 
September 64 88 20 20 100 54 29 9 
October 64 66 21 16 100 43 20 5 

2020 DEMAND CONDITIONS: SELECTED ALTERNATIVE 
% Time 

buerneville Healdsburq Lake Mendocino 
Flow Flow - Volume (1000 af) 

x200 (150 (100 <200 (150 cl00 (72.0 ~60.0 c50.0~37.5 

May ii; ii 13 13 :z 13 25 4 2 June 13 34 20 38 23 5 i 
July 96 81 13 34 21 20 70 39 21 7 
August 93 85 13 34 21 16 95 68 39 14 
September 96 83 13 96 21 21 iO0 75 59 25 
October 80 26 11 86 27 20 100 73 52 21 

HISTORICAL CONDITIONS 
% Time 

Guerneville Healdsburg Lake Mendocino 
Flow Flow Volume (1000 af) 

<200 cl50 (100 <200 (150 Cl00 ~72.0 x60.0 <50.0<37.5 

May 15 4 4 23 4 4 9 4 0 0 
June 46 ,23 4 35 12 4 13 4 4 0 
July 77 19 4 35 4 4’ 35 13 4 4 
August 81 15 4 35 4 4 74 22 13 4 
September 62 23 *4 38 4 4 83 39 26 9 
October 35 8 4 27 4 4 87 39 35 9 
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In calculating these amounts, and in selecting this alternative, we 

have assumed that the actual flows will be 15 cfs above the required I 

minimum flow, to allow for an operating range in meeting the 

requirements. We have also assumed that transitions from one month to 

the next will be made gradually when the required minimum flows vary 

widely between consecutive months. It is our intent that the minimum 

flow requirements should be interpreted as contemplating a smooth 

transition between months, to avoid adverse environmental effects. 

14.0 ENVIRONMENTAL CONSIDERATIONS 

14.1 Baseline Used Herein 

The environmental effects of approving the petitions, as conditioned 

by the proposed minimum flow requirements, are set forth herein by 
0 

comparison with the actual flows and reservoir levels which have 

occurred since the construction and operation of Coyote Dam. We are 

using the actual flows and reservoir levels as the baseline herein. 

Our baseline differs from SCWA's baseline because ours uses actual 

data rather than projections of flows that would exist if the 

petitions were not approved. We are using the actual flows and levels 

a baseline because they describe the existing physical conditions as 

in the Russian River system. 

is assumed herein that there 

of the project. Using these 

environmental effects of our 

under the proposed terms and 

If these flows and levels continued, it 

would be no adverse environmental impacts 

flows and levels, we can estimate the 

approval of the petitions before us, 

conditions. 
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0 14.2 Impact Definition 

14.3 

, 

For purposes of this decision, a significant adverse 

impact is defined as a significant decrease from our 

environmental 

baseline in the 

river flow or the Lake Mendocino storage. The short-term impact is 

the immediate effect of instituting a new flow regime in the Russian 

River under the terms and conditions required by this decision. The 

long-term impacts are those which are predicted to occur under the 

demands projected for the year 2020. The impacts are described 

qualitatively. Since storage in Lake Sonoma was approved under a 

previous decision, and has just commenced, no base1 

Sonoma or for Dry Creek for purposes of this decisi 

Fishery Resources 

ine exists for Lake 

on. 

Fishery resources of the Russian River system are very important for 

both recreational and commercial fishing. They also generate 

considerable economic benefits in Sonoma and Mendocino Counties. The 

Russian River system, for fi shery purposes, includes six segments: 

(1) the upper reach above Cl overdale, with cool water and a narrow 

channel, which has the best habitat for steelhead trout; (2) the upper , 

middle reach from Healdsburg to Cloverdale, which is the primary 

reproductive habitat for American shad, and is also occupied by other 

warmwater species during the summer; (3) the reach below Healdsburg 

which provides habitat for warmwater species and striped bass; (4) the 

reach of Dry Creek from Warm Springs Dam to the confluence with the 

Russian River which is expected, under enhanced f 

to prov ide habitat for steelhead trout, silver sa 

ow from the Project, 

mon and king salmon; 
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(5) and (6) Lake Mendocino and Lake Sonoma, which provide or will 
0 

provide habitat for trout and warmwater species. 

14.3.1' Additional Fishery Studies Should be Done, But Not By SCWA 

United Anglers argued that the Board should not make a decision on 

SCWA's petitions until further studies have been done on the needs of 

the fisheries of the Russian River. United Anglers argued that 

inadequate,evidence had been presented 

fisheries need. We disagree with this 

state of the art studies have not been 

evidence of fishery performance in the 

to decide what flows the 

contention. Although detailed 

done, we have enough historical 

Russian River system under 

various circumstances to reach a decision on the matters before us and 

to set minimum flow requirements which allocate the available water 

according to time and year types. 

There will be, by the year 2020, inadequate water remaining after all 

in-basin beneficial uses, including Redwood Valley‘s use, have 

satisfied their demands from the Russian River system. This situation 

will be exacerbated as Lake Pillsbury undergoes sedimentation. 

Because of the projected shortage,, 'we have in effect allocated the 

remaining available water under Permits 12947A, 12949, and 12950 first 

to instream environmental uses including the fishery, and then to SCWA 

at its diversion facilities, to the extent that downstream minimum 

flow requirements are met. Substantially higher minimum flows likely 

would cause the system to go dry in less than normal years, to the 

detriment of all beneficial uses dependent on it, and would in other 

years lower Lake Mendocino enough to impair its recreational and 

environmental uses and reduce its reliability as a water supply. 
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a If sufficient water were available in this proceeding to provide fully 

for the fisheries, exact evidence of their needs would be important to 

. 

this decision. 

enough water to 

beneficial uses 

However, the SCWA appropriative rights do not include 

provide fully for the fish and reliably satisfy other 

of the water over the long term. 

Nevertheless, further investigations into the fisheries of the Russian 

River should be done, and might help refine the minimum flows herein. 

Since a primary factor limiting flow in the Russian River is upstream 

icipal demand, the investigations which United agricultural and mun 

Anglers desires shou 

benefit; namely, the 

Id be conducted by the entities which will 

counties of Sonoma and Mendocino and the 

Department of Fish and Game. We will reserve jurisdiction to amend 

SCWA's permits if a fishery study is conducted which shows that a 

different flow schedule would be better, or if further evidence 

otherwise becomes available which may affect the minimum flows. 

14.3.2 No Additional Water is Available in the Russian River Above 
Healdsburg for Appropriation 

As 

of 

tri 

we stated above, inadequate water is available to serve fully all 

the beneficial uses of water from the Russian River and its 

butaries above Healdsburg. Consequently, after the 10,000 acre- 

foot reservation for Sonoma County and the 8,000 acre-foot reservation 

in Permit 12947A for use under Permit 12947B are exhausted, no further 

permits should be approved for water from the Russian River or any 

tributary with surface or subsurface hydraulic cant inuity therew ith, 
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without an affirmative showing by the applicant that water can be 
0 

diverted without affecting the minimum flows or can be diverted under 

other rights or from other sources during the periods when no 

unappropriated water is available. 

14.3.3 Impact on the Fisheries of Approval of the Petitions 
1 . 

The impact on the fisheries of approval of SCWA's petitions under the 

terms and conditions ordered herein will operate only during the 

period when there are no flood control operations. This is generally 

from May through October. At other times the Corps of Engineers, 

which is not under the Board's jurisdiction, operates the Russian 

River Project for flood control. 

. 

In the lower reach and the lower middle reach of the river, the short 

term impact will be a slight enhancement of the warmwater fishery in 
e. 

June through October. The long-term impact will be an adverse but 

insignificant impact. 

In the upper m 

fishery cannot 

reduced and wi 

iddle' reach of the river, impacts on the warmwater 

be predicted accurately. However, flows will be 

11 fall below 150 and 100 cfs at Healdsburg more 

frequently than post-Coyote Dam flows fell below these levels. The 

increased frequency of reduced flows may have a significant adverse 

impact on shad and other warmwater fish. 

In the 

normal 

upper reach of the river, flows may decrease. Under the 

year regime, the minimum requirements of steelhead trout 

(200 cfs from May through August and 165 cfs in September and 

October) nevertheless will be met. The frequency of times when 
0 
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a , 

flows fall below 150 cfs and 100 cfs will increase. This increase in 

frequency of low flows is a significant adverse impact on the 

steelhead trout fishery. Further, the increased frequency of low 

flows is a significant! and slightly greater adverse impact on the 

silver salmon fishery, because silver salmon die after spawning, while 

steelhead trout do not die after spawning. 

Under the selected alternative Lake Mendocino will be lowered faster 

and to lower levels than has been experienced since 1959. When the 

lake is lower there will be less habitat for fish. Also., the faster 

lowering of the lake may adversely affect spawning fish i.n the 

shallower parts of the lake. Because of these effects, and because 

the fishing at Lake Mendocino is important to people in the area, the 

selected alternative will cause a significant adverse impact to the 

fishery of Lake Mendocino. 

. 

The selected alternative will not cause a significant adverse impact 

to the Dry Creek fishery. The storage of water in Lake Sonoma on Dry 

Creek was authorized under Decision 1416, and no baseline flow in Dry 

Creek has been established since Decision 1416. The impact of the 

Warm Springs project and the Warm Springs hatchery on Dry Creek was 

discussed in Decision 1416; Likewise, since Lake Sonoma is new, there 

will be no significant adverse impact on its fisheries as a result of 

the selected alternative. 

14.4 Riparian Vegetation and Habitat 

The riparian zone along the Russian River provides habitat for 

numerous plant and animal species. The reduced average summer flows 
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and the more frequent low flows under the selected alternative may 
* _, 

cause a significant adverse impact to riparian vegetation and 

habitat. 

14.5 Recreation and Aesthetics 

The Russian River and Lake Mendocino support much water-related 

recreation. The selected alternative was chosen to preserve to the 

extent possible both river and Lake Mendocino recreation. However, 

the reduction of average median July-August flows -- which have been 

about 220 cfs --, the greater frequency,of low flows in the river, the 

reduced average median July-August storage in Lake Mendocino -- to 

66,200 acre-feet under 1985 demands and to 56,300 acre-feet under 2020 

demands -- and the greater drawdown of Lake Mendocino, will cause a 

significant adverse impact on recreation. The aesthetic qualities of 

the river and of Lake Mendocino likewise will be adversely affected, 

by the odor of organisms which die as a result of rapid drawdowns in 

lake levels and reduced river levels. 

14.6 Water Quality 

The Water Quality Control Plan for the North Coastal Basin includes 

objectives and standards to prese,rve the quality of the waters of the 

Russian River. However, the lower average summer flow in the river 

and the increased frequency of flows below 150 cfs and 100 cfs will 

reduce the ability of the river to dilute pollutants. Because of 

increasing population, recreational use, industrialization, and 

transportation of hazardous materials in the watershed, the reduced 
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14.7 

14.7.1 

ability to dilute pollutants will increase the potential for 

degradation of water quality in the river. Thus, the selected 

alternative may result in a significant adverse impact' on water 

quality. 

CEQA Compliance 

SCWA was the lead agency for preparation of the environmental docu- 

ments under the California Environmental Quality Act. SCWA certified 

its ori,ginal final Environmental Impact Report (EIR) on July 8, 1980. 

However, the EIR was inadequate for the Board's use in considering the 

,petitions SCWA had filed in 1975, and so the Board as a responsible 

agency filed a legal action against SCWA to require changes in the 

EIR. The Superior Court found the EIR inadequate and on August 25, 

1981 ordered SCWA to prepare a supplemental EIR. The supplemental EIR 

was certified complete in July 1984. It covers all five petitions 

considered herein and the reconsideration request, and is adequate for 

purposes of this decision. 

Findings of Overriding Considerations 

In making a decision concerning SCWA's petitions we have considered 

the environmental effects of the project as discussed in the 1980 EIR 

and the 1984 Supplemental EIR. As we have stated above, approval of 

the petitions will cause significant adverse environmental impacts. 

These impacts will occur notwithstanding that (1) we have altered the 

minimum flows recommended by SCWA and the Department of Fish and Game 

to give the river fisheries more water in the fall for downstream 

passage after some dry spring conditions, (2) we have conditioned our 
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approval of the addition of Redwood Valley as a place of use to avoid ’ 

some .of the adverse effects of approving the change, (3) we will for 

future applications require a showing that a firm source of water is 

available from other sources during the period when no unappropriated 

water is available in the Russian River; (4) we will reserve 

jurisdiction to amend the minimum flow requirements if a study shows 

that a different feasible flow schedule will benefit the fisheries. 

We have balanced the benefits of the proposed project against its 

environmental risks. We also have balanced different environmental 

impacts against each other. The Board's only alternative which will 

not cause a significant adverse impact is to deny SCWA's petitions. 

Under this option SCWA could not, under its existing permits, meet the 

future water demands of its customers. Even if'we denied the project, 

however, shortages likely would occur in the river above Healdsburg, 

and Lake Mendocino's level would drop, because of increased demands 

from the river above Healdsburg. Thus, we find that the "no project" 

alternative is not feasible because it will not provide an adequate 

supply of water for growing demands which can most readily, under 

current circumstances, be supplied from the Russian River. In order 

to utilize the river's water optimally for all of its beneficial uses 

including environmental and public trust uses, the petitions should be 

approved so that the Lake Sonoma and Lake Mendocino reservoirs can be 

operated in a coordinated fashion. 

The potential impact on the salmonid fishery above Healdsburg is a 

result of predicted increased demands for out of stream water use in 
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that reach. Higher flows than required herein would cause a reduction 

in the carryover storage of Lake Mendocino and a danger of running the 

system dry in a following dry or critical year. A comprehensive study 

of the Russian River fisheries could provide information to further I 

mitigate this impact. However, such studies are the responsibility of 

other agencies as explained elsewhere in this decision. 

The impacts on the fisher 

Mendocino are significant 

because Lake Mendocino wi 

es and on recreation and aesthetics at Lake 

adverse impacts. The impacts will occur 

1 be drawn down lower and more frequently 

than it has been in the past. However, downstream flows in the 

Russian River cannot be maintained at levels necessary to maintain 

other beneficial uses without drawing down Lake Mendocino. Therefore, 

this impact cannot be mitigated herein. 

The significant adverse impacts on canoeing recreation 

vegetation, aesthetics, and capacity of the river to d 

3 

. 
1 

riparian 

lute wastes 

above Healdsburg are a result of a reduction in average summer flows 

and a greater frequency of low flows. In most normal water years 

canoeing will be possible, aesthetics will be adequate, riparian 

vegetation will have enough water, and the river will have adequate 

capacity to dilute wastes. However, the number of years when there 

inadequate water for some or all of these uses will increase. This 

flow regime is necessary, however, to ensure that some carryover 

storage will remain in Lake Mendocino, so that the river above 

is 

Healdsburg will not go dry in critical water years. 
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The considerations set forth above satisfy the Board's responsibili- 

ties under the California Environmental Quality Act. 

15.0 OTHER MATTERS 

A number of matters not discussed above were raised during the 

hearing. These concerned legal, policy, and procedural matters. They 

are discussed below. 

15.1 Motion to Suspend Hearing 

United Anglers moved to suspend the proceeding herein until additional 

information is available on the needs of the Russian River fisheries, 

and until the Federal Energy Regulatory Commission gives its final 

conditional approval to the relicensing of Pacific Gas and Electric's 

Potter Valley Project. However, as we found in paragraph 14.3.1 

above, the record contains sufficient data for us to make a decision. 

On minimum flow requirements in the Russian River, Our decision will 

be subject to a reservation of jurisdiction to amend the minimum flow 

requirements if future studies show that amendments might benefit the 

fisheries or if operating the project under the terms and conditions 

herein causes unforeseen adverse impacts to the fisheries. Thus, 

unavailability of data is not a good reason to suspend this 

proceeding. 

Regarding the Potter Valley Project, we recognize that Pacific Gas and 

Electric Company is in an extended relicensing proceeding, and final 

action by the Federal Energy Regulatory Commission may modify the 

bypass flows in the Eel River and therefore modify the amount of Eel 
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15.2 

15.3 

River water being diverted into the Russian River watershed. We do 

not know when final action will occur, however. Consequently, our 

appropriate action is a reservation of jurisdic tion in SCWA's permits 

to amend the minimum flow requirements for the Russian River. 

For the foregoing reasons, United Angler's moti on is denied. 

Request for Findings Pursuant to 23 Cal.Admin.Code $729 

Mendocino County requested that we make findings pursuant to 23 

Cal.Admin.Code 

of the Russian 

uses. Section 

5729 on the economic benefits of the uses of the waters 

River and the alternative means of satisfying the 

729 requires findings on the benefits and detriments of 

the various present and prospective beneficial uses of water if 

requested, to the extent practicable. Findings set forth in this 

decision identify and evaluate the benefits and detriments of the 

various uses of water in and from the Russian River, and take into . 

account all economic information in the record. Consequently, the 

requirement of Section 729 is satisfied. 

Conformance with a General or Coordinated Plan for the Development 
of Water 

Two of the protestants argued that pursuant to Water Code 451256 and 

10504 the Board is obliged to conform its decision to the 1950 U.S. 

Corps of Engineers plan for the Russian River. (House Document 585, 

81st Congress, 2d Session, dated May 9, 1950.) The Corps plan is the 

basis for congressional authorization of the construction of Coyote 

Dam and Lake Mendocino (Public Law 516 of 1950, Flood Control Act of 

1950). The evidence does not show that the Corps plan requires any 
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specific flow. However, the plan referred to in Water Code $91256 and 
e .- 

10504 is not the Corps plan but the California Water Plan (Department 

of Water Resources Bulletin No. 3, as amended). Section 1256 requires 

that the California Water Plan be considered when the Board determines 

public interest under Water Code 991253 and 1255. Section 10504 

allows state-filed applications to be assigned or released from 

priority if the development is not in conflict with the general or -- 

coordinated plan or with adopted water quality objectives. This 

decision takes into account and does not conflict with the California 

Water Plan. Additionally, this decision is not in conflict either 

with any congressional directives involved in the approval of Lake 

Mendocino or with the Water Quality Control Plan for the North Coastal 

Basin. 

15.4 County of Origin Protections a 

Mendocino County, Mendocino County Flood Control and Water 

Conservation District, and Mendocino County Russian River Flood 

Control and Water Conservation Improvement District argue that before 

SCWA can export more water to Marin County, water should be provided , 

to Mendocino County and the Alexander Valley under county of origin 

protection laws. 

The Board previously has recognized county of origin protections 

for the Mendocino area (see Decision D 1030, Conditions 9 and 12). 

Also, Mendoc 

under Permit 

Russian Rive 

ino Improvement District ho 

12947B, which has priority 

r Valley. For Applications 
: 

36. 
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I . 

county of origin protections in addition to those in the original 

state assignment can be'accorded to the Mendocino interests. The 

assignment of these applications was made under Water Code 510505. 

Under that section the Department of Finance quantified at 8,000 afa 

the amount of water required for the county of origin below Lake 

Mendocino. While this assignment does not prevent the Mendocino 

interests from buying additional water rights from SCWA, it does not 

require SCWA to sell Mendocino water rights. 

However, Decision 0 1030 accorded the Mendocino County interests 

unquantified county of origin priorities under Permits 12949 and 12950 

to water for beneficial 

watersheds in Mendocino 

East Fork Russian River 

use within Potter Valley and within other 

County tributary to the Russian River except 

downstream from Coyote Valley Dam. 

The Board can accord county of origin protection to the Mendocino 

interests under the direct diversion portion of Application 19351. 

This application was approved for diversion to storage in preference 

to state-filed Application 12918. Application 12918 was rejected and 

cancelled in Decision 1416, and the permit issued on Application 19351 

was made subject to all present and future appropriations within the 

Russian River watershed. Pursuant to Water Code 510505, the approval 

of direct diversion under Application 19351 also should be made 

subject to this same protection. 
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15.5 Approval by Mendocino Improvement District of Use of W?ter Outside 
Mendocino and S onoma Counties 

-- 

Mendocino Improvement District argues that SCWA cannot export 

from Mendocino or Sonoma Counties without its authorization. 

assignment of state filed Applications 12919 and 12920 dated 

November 14, 1955 is subject to the condition that the use of 

covered by the assignment outside the boundaries of Mendocino 

water 

The 

water 

and 

Sonoma Counties under Permit 129478 shall be permitted only upon the 

approval of both SCWA and Mendocino Improvement District. The 

assignment explains that the intent of this provision is that the two 

, 

counties will share equitably, considering the amount of water 

available under each entitlement and the use of facilities, in any 

proceeds,that may be realized from use of water outside the two 

15.6 

counties. Apparently, this provision 

that surplus water from each agency's 

available for other use until demands 

was based on the expectation' 

basic entitlement would be 

anticipated under Permits 12947A 

and 12947B occurred. Thus, if surplus water were delivered outside 

the two counties, the exporting party would need the approval of the 

party whose surplus was being exported, and would have to equitably 

pay the owner of the surplus water from the proceeds of the export. 

Although SCWA will be authorized under this decision t-o increase the n 

amount it may divert under its basic entitlement, and some of the 

additional water may be delivered in Marin County, none of Mendocino 

Improvement District's basic entitlement will be diverted outside of 

the two counties. Consequently, the assignment's provision does not 

apply to the authorizations made in this decision. 

Reservation of Water for Use in Sonoma County, 

The Alexander Valley Association argues that Permit 12947A should be 
0 

made subject to an appropriation of 15,000 afa rather than the 10,000 
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II. 
afa reservation in the permit. 

issue in the hearing on SCWA's 

In Decision D 1030 the maximum 

Russian River Valley in Sonoma 

necessary diversion during the 

This request was not noticed as an 

petition. 

diversion from the river for use in the 

County was set at 67 cfs. This is the 

month of maximum use if 10,000 acre- 

feet is to be diverted each year. Thus, more water is not available 

under the maximum diversion rate. The Board has not reserved 
. 

jurisdiction to increase the rate of use in the Russian River Valley, 

and any increase would be at the expense of otherbeneficial uses. 

Absent a request by SCWA for a change, therefore, there appears to be 

no jurisdiction for increasing the reservation to 16,000 afa. 

Even if such jurisdiction existed, however, we find that on the record 

before us the public interest supports leaving the water in the river 

* as long as possible for instream flows past the Alexander Valley, to 

the mouth of Dry Creek. 

15.7 Reservations for Use in Mendocino County and.in Sonoma County Above 
Healdsburq 

Mendocino Improvement District argues that the reservations of 8,000 

afa for use in Mendocino County under Permit 129478 and of 10,000 afa 

for use in the Russian River Valley in Sonoma County for uses 

commencing after January 28, 1949, should continue to have seniority 

over SCWA's diversions at Wohler and Mirabel,. We agree. These 

reservations were not issues in this proceeding and will not be 

changed. 
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15.8 Status of the Permit 129478 Minimum Flow Requirements -I___ 

The minimum flow requirements of Permit 12947B are unchanged by this 

decision. Mendocino Improvement District may request that 

Permit 129478 be conformed to Permit 12947A, and we will accordingly 

consider it. However, since,Mendocino Improvement District does not 

control releases of water from Lake Mendocino, and holds rights senior 

to SCWA's diversions from the Russian River Valley, the term has 

little if any value in Permit 12947B, and likely could be deleted 

without adverse effects. 

15.9 Update Permits 

Under this decision we will substantially modify SCWA's four permits. 

Consequently, we will direct the Division of Water Rights to issue 

amended permits to SCWA. The amended permits will include the current 

versions of standard permit terms 12 and 13 in Permits 12949 and 12950, 

and standard term 12 instead of existing term 10 in Permit 12947A, as 

a condition of the approval of the petitions. The direct diversion of 

180 cfs under Application 19351 will be included in Permit 16596. 

However, the direct diversion part of Application 19351 was amended on 

January 12, 1968 to add the Russian River as a source of direct 

diversion and the Wohler and Mirabel intakes as diversion points. 

Therefore, the priority date for the direct diversion should be 

January 12, 1968 rather than the filing date of April 12, 1960, which 

is the priority bate for the authorized storage. 
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15.10 

15.11 

After the data collection requirements specified below are added to 

Permit 16596, the first part of term 14 of Permit 16596 should be 

deleted. 

Similar Minimum Flow Requirements in Other Permits 

Individual permits for diversion commencing after January 28, 1949 

from the Russian River downstream of Lake Mendocino include standard 

permit term 68. Term 68 requires that diversions cease when the flow 

in the Russian River is less than 150 cfs between Coyote Dam and 

Wohler, and less than 125 cfs between Wohler and the Pacific Ocean. 

Essentially these flows are the same as the current minimum flow 

requirements of Permits 12947A, 12949, and 12950. Our action herein, 

however, will amend the minimum flow requirements in Permits 12947A, 

12949, and 12950. SCWA has agreed that it will maintain the minimum 

flows set forth in its stipulation with the Department of Fish and 

Game dated March 8, 1985. The stipulated flows, with one 

modification, are identical to the new minimum flows required herein. 

Consequently, standard permit term 68 can be deleted from the 

individual post-1949 permits. We will, therefore, give notice of 

intent to delete standard term 68 or its predecessor terms from 

existing post-January 28, 1949 permits and licenses. 

Accounting for Water Use 

Term 5 of Permit 19351 provides that before the Board will authorize 

use of stored water from Lake Sonoma except for in-channel purposes, 

SCWA must show how the water will be measured and reported. SCWA has 

submitted a proposal for the accounting of all water appropriated and 

rediverted under the four permits and under the unapproved portion of 
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Application 19351 considered herein. However, SCWA's proposal 
0 

contains technical inconsistencies and does not fully comply with the 

relative water right priorities of the permits. The water right 

priorities for the permits .are very complex, and the parties disagree 

as to which waters should be accounted as meeting the minimum flows in 

different parts of the river. Also, the Board does not need to 

account water to specific permits until it licenses the underiying 

water rights. Instead, it needs only to be provided certain data. 

Accordingly, we will order SCWA as a condition of the approval of its 

petitions, to collect and maintain certain data which the Board can 

use in the future to decide how much water should be'provided in 

SCWA's water right licenses. Because the collection and maintenance 

of data is a technical operation, we will delegate to the Chief of the 

Division of Water Rights authority to modify the data collection 
a 

requirements as necessary to further the purpose of obtaining adequate 

data for licensing SCWA's water rights. 

15.12 Public Trust Considerations 

As we stated in Paragraph 14.7.1, we have balanced the benefits of the 

proposed project against its environmental risks_ In doing so, we 

have also balanced the public trust interests associated with the 

proposed project against the public interest in using water outside of 

the stream. 

In this case the public trust protec-ts fishery, riparian, instream, 

avian, wildlife, and recreational uses of all of the waters of the 

Russian River system, including Lake Mendocihol Lake Sonoma s \>I-): 

/ 
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Creek, and the Russian River. Consequently, we have, in the entire 

system, balanced the public trust uses against the public interest in 

having a reliable supply of water for delivery to consumptive uses, 

and against one another. We find the result is reasonable, is 

public interest, and protects public trust uses to the extent 

feasible. 

in the 

In Redwood Valley, we have approved a new place of use which may have 

a significant effect on river flows and reservoir levels. In 

balancing the competing uses we have decided that SCWA should be 

allowed, in the public interest, to deliver a certain amount of water 

to Redwood Valley County Water District for irrigation use. Redwood 

Valley has an inadequate water supply for its developing uses, and at 

this time has no feasible source other than Lake Mendocino. Although 

it needs a firm supply of water, inadequate water is available to 

supply it every year under Permit 12947A without further impairing 

:public trust uses in Lake Mendocino or in the Russian River, 

particularly fishery uses. However, the water authorized herein for 

delivery will help in most years, particularly if Redwood Valley 

supplements it by further water development measures and 

conservation. 

15.13 Request for Review of Data Analysis 

Several parties requested at the end of the hearing that we allow them 

to review and comment on any computer analyses prepared by our staff, 

before we announced a draft decision. These requests are denied. We 

have not released our staff's computer analyses in advance because 
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they 

until 

are part of our deliberations 

a draft of this decision was 

and analysis of the record, and 

released, they were confidential. 

If the parties 

decision, they 

based on their 

allowed time. 

wish to critique the analyses that were used in this 

will have an opportunity to do so and ask for changes 

critique by petitioning for reconsideration within the 

15.14 Riparian Water Rights in Mendocino County 

Mendoc i 

within 

rights . 

no Improvement District asserted in the hearing that landowners 

its service area have non-appropriative or riparian water 

We note that all of SCWA's permits herein are subject to any 

prior water rights. Consequently, if the landowners have any water 

rights in addition to those appropriative rights issued by this Board 

that are senior to SCWA's, such rights are not impaired by this 

decision. 

16.0 CONCLUSIONS 

We conclude that SCWA's petitions should,be approved as follows: 

1. The time to complete construction of the project under Permits 12947A, 

12949, 12950 and 16596 should be extended to December 1, 1995, and 

the time to complete beneficial use of water under these permits 

should be extended'to December 1, 1999. 

2. The maximum combined rate and quantity of direct diversion and 

rediversion of, stored water under Permit 12947A at the Wohler and 

Mirabel Park pumping facilities should remain at 92 cfs and 

37,544 afa. 
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The maximum combined rate and quantity of direct diversion and 

rediversion of stored water under Permits 12947A, 12949, 12950, 

and 16596 at the Wohler and Mirabel Park pumping facilities should 

be limited to 180 cfs and 75,000 afa. 

3. The unapproved portion of Application 19351 should be approved for 

the direct diversion of 180 cfs, year round, at the Wohler and 

Mirabel Park pumping facilities for municipal, industrial, 

domestic, irrigation and recreational uses within SCWA's service 

area. This authorization should be added to Permit.16596. 

c 

4. The service area of the Redwood Valley County Water District 

should be added to the place of use under Permit 12947A. The 

withdrawal from Lake Mendocino storage for this place of use 

should be limited to a maximum of 7,500 afa, and should be subjject 

to a 50 percent reduction or to ceasing withdrawals when water;is 

inadequate for senior uses. I 

5. The restriction on use of stored water in term 5 of Permit 16596 

should be deleted. 

6. The following permit conditions should be deleted and replaced j 

with new minimum flow requirements as applicable to each permit: 

Permit 12947A, term 18 

Permit 12949, term 10 

Permit 12950, term 11 

Permit 16596, terms 12 and 13 
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7. The remaining unapproved 

Application 19351 should 

110 cfs of direct diversion under 

be denied. 

ORDER 

IT IS HEREBY ORDERED that the unapproved direct diversion portion of 

Application 19351 be approved in part subject to prior water rights, and that 

the authorized direct diversion be added to Permit 16596. 

IT IS FURTHER ORDERED that amended Permits 12947A, 12949, 12950, and 16596 

shall be issued which shall contain all existing terms and conditions, as 

amended, except as modified herein; standard permit terms 6, 10, 11, 12 and 13 

(a copy of the Board's standard permits terms is available upon request); and 

the following amendments: 

A. Permit 16596 shall be amended as follows: 

1. Term 5 is amended to read: 

"The water appropriated shall be limited to the quantity 
which can be beneficially used and shall net exceed 180 
cfs by direct diversion from the Russian River between 
January 1 and December 31 of each year, and 245,000 afa 
by storage to be collected from Dry Creek between, 
October 1 of each year and May I of the succeeding 
year. 

"The total rate and quantity of direct diversion and -3 
rediversion of stored water at the Wohler and Mirabel 
Park pumping facilities under this permit, together with 
that directly diverted and rediverted from storage under 
Permits 12947A, 12949, and 12950 issue on Applications 
12919A, 15936, and 15937 shall not exceed 2.80 cfs and 
75,000 acre-feet per water year of October 1 to 
September 30." 

. 

46. 



2. Term 7 is amended to read: 

"Construction work shall be completed by December 1, 
1995." 

3. Term 8 is amended to read: 

"Complete application of the water to the authorized use 
shall be made by December 1, 1999." 

4. Term 12 is amended to read: 

"For the protection of fish and wildlife in Dry Creek 
and the Russian River and for the maintenance of 
recreation in the Russian River, permittee shall pass 
through or release from storage at Lake SOnoma 
sufficient water to maintain: 

(A) The following minimum flows in Dry Creek between 
Warm Springs Dam and its confluence with the 
Russian River: 

(1) During normal water supply conditions: 

75 cfs* from January 1 through April 30 
80 cfs from May 1 through October 31 
105 cfs from November 1 through December 30 

(2) During dry or critical water supply conditions: 

25 cfs from April 1 through October 31 
75 cfs from November 1 through March 31 

* cubic feet per second 

(B) The following minimum flows in the Russian River 
between its confluence with Dry Creek and the 
Pacific Ocean, unless the water level in Lake 
Sonoma is below elevation 292.0 feet with reference 
to the National Geodetic Vertical Datum of 1929, or 
unless prohibited by the United States Government: 

(1) During normal water supply conditions 125 cfs 
During dry water supply conditions 85 cfs 
During critical water supply conditions 35 cfs 

For the purposes of the requirements 
following definitions shall apply: 
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(1) Dry water supply conditions exist when 
cumulative inflow to Lake Pillsbury beginning 
on October 1 of each year is less than: 

8,000 acre-feet as of January 1 
39,200 acre-feet as of February 1 
65,700 acre-feet as of March 1 

114,500 acre-feet as of April 1 
145,600 acre-feet as of May 1 
160,000 acre-feet as of June 1 

i 

(2) Critical water supply conditions exist when 
cumulative inflow to Lake Pillsbury beginning 
on October 1 of each year is less than: 

4,000 acre-feet as of January 1 
20,000 acre-feet as of February 1 
45,000 acre-feet as of March 1 
50,000 acre-feet as of April 1 
70,000 acre-feet as of May 1 
75,000 acre-feet as of June 1 

(3) Normal water supply conditions exist in the 
absence of defined dry or critical water 
supply conditions. 

(4) The water supply condition designation for the 
months of July through December shall be the 

e 

same as the designation for the previous 
June. Water supply conditions for January 
through June shall be redetermined monthly. 

(5) Cumulative inflow to Lake Pillsbury is the 
calculated algebraic sum of rel,eases from Lake 
Pillsbury, increases in storage in Lake 
Pillsbury, and evaporation from Lake 
Pillsbury." 

5. Term 13 is deleted. 

6. Term 14 is amended to read: 

"Permittee shall install a measuring device at or near 
the mouth of Dry Creek to determine compliance with fish 
release requirements.' 
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7. A new term is added to read: 

"The priority date for the authorized direct diversion 
under this permit shall be January 12, 1968." 

8. A new term is added to read: 

'Permittee shall impose a mandatory thirty percent 
deficiency in deliveries from the Russian River to its 
service area whenever the quantity of water in storage 
at Lake Sonoma drops below 100,000 acre-feet before 
July 15 of any year. The deficiency shall be based on 
permittee's average monthly deliveries to its service 
area during the same month of the previous three years. 
The deficiency shall remain in effect until (1) storage 
in Lake Sonoma rises to greater than 70,000 acre-feet 
subsequent to December 31 after having fallen below that 
level, or (2) permittee has projected, to the 
satisfaction of the Chief, Division of Water Rights, 
that storage at Lake Sonoma will not fall below 70,000 
acre-feet, or (3) hydrologic conditions result in 
sufficient flow to satisfy permittee's demands at Wohler 
and Mirabel Park and minimum flow requirements in the 
Russian River at Guerneville." 

9. A new term is added to read: 

"Permittee shall collect and maintain daily data on: 
(1) the quantity of water pumped at its Wohler and 
Mirabel Park facilities, including to offstream settling 
ponds, (2) the average flow in the Russian River at the 
U. S. Geological Survey streamflow gage near 
Guerneville, (3) the average flow in Dry Creek below 
Warm Springs Dam, (4) the average flow at the mouth of 
Dry Creek, and (5) the operation of Lake Sonoma 
including the calculated quantities of inflow, discharge 
to Dry Creek, discharge to the fish hatchery, change in 
lake volume, lake evaporation, and precipitation on the 
lake if not included in inflow. Collection and 
maintenance of streamflow and operational data under 
this permit is subject to modification, deletion, or 
replacement by other, requirements as ordered by the 
Chief, Division of Water Rights." 

10. A new term is added to read: 

"Permittee shall consult with the Division of Water 
Rights and, within one year from the date of this 
amended permit, develop a plan satisfactory to the 
Chief, Division of Water Rights, for submittal Of data 
to the State Water Resources Control Board on the 
quantities of direct diversion and rediversion of stored 
water beneficially used under this permit." 
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11. A new term is added to read: 

"Permittee shall consult with the Division of Water 
Rights and develop and implement a master water 
conservation plan for its service area. The proposed 
plan shall be presented to the State Water Resources 
Control Board for approval within one year from the date 
of issuance of this amended permit or such further time 
as may, for good cause shown, be allowed by the Board. 
A progress report on the development of the master water 
conservation plan may be required by the Board at any 
time within this period. 

"All cost effective measures identified in the master 
water conservation plan shall be implemented in 
accordance with the schedule for implementation found 
therein." 

12. A new term is added to read: 

"The State Water Resources Control Board reserves 
jurisdiction over this permit to modify, delete, or add 
minimum flow requirements or rela$ed criteria for the 
protection of fish and wildlife and the maintenance of 
recreation in the Russian River should (1) additional 
fishery studies be conducted i,n the Russian River, 
(2) unforeseen adverse impacts occur to the fishery or 
recreation in the Russian River, or (3) the Federal 
Energy Regulatory Commission final action on the 
relicensing of Pacific Gas and Electric Company's Potter 
Valley hydroelectric project result in modified minimum 
flow requirements in the Eel River. 

"Action by the Board will be taken only after notice to 
interested parties and opportunity for hearing," 

B. Permit 12947A 

1. Term 5 is 

"The 
East 

shall be amended as 

amended to read: 

water appropriated 
Fork Russian River 

and shall not exceed 92 

follows: 

shall be limited to water of the 
which can be beneficially used 
cfs by direct diversion and 

122,500 afa by storage from January 1 to December 31 of 
each year. The total amount stored in Lake Mendocino 
under this permit and Permit 12947B issued on 
Application 12919A shall not exceed 122,500 afa. 

"The maximum combined rate of direct diversionand 
rediversion of stored water under this permit, 
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2. 

3. 

0 
4. 

Term 7 is amended to read: 

"Construction work sha 
1995." 

11 be completed by December 1, 

Term 8 is amended to read: 

"Complete application of the water to the authorized use 
shall be made by December 1, 1999." 

Term 18 is amended to read: 

c 

together with that under Permits 12949 and 12950 
issued on Applications 15736 and 15737 shall not 
exceed 92 cfs. 

"Combined direct diversion and rediversion of stored 
water under this permit shall be limited to the Wohler 
and Mirabel Park pumping facilities, and shall not 
exceed 92 cfs or a maximum amount of 37,544 acre-feet 
per water year of October 1 to September 30. 

"Withdrawals from storage under this permit for use in 
the service area of the Redwood Valley County Water 
District shall not exceed 7.500 acre-feet per water year 
of October 1 to September 30." 

"For the protection of fish and wildlife, and for the 
maintenance of recreation in the Russian River, 
permittee shall pass through or release from storage at 
Lake Mendocino sufficient water to maintain: 

(A) A continuous streamflow in the East Fork Russian 
River from Coyote Dam to its confluence with the 
Russian River of 25 cfs (cfs) at all times. 

(B) The following minimum flows in the Russian River 
between the East Fork Russian River and Dry Creek: 

(1) During normal water supply conditions and when 
the combined water in storage, including dead 
storage, in Lake Pillsbury and Lake Mendocino 
on May 31 of any year exceeds 150,000 acre- 
feet or 90 percent of the estimated water 
supply storage capacity of the reservoirs, 
whichever is less: 

From June 1 through August 31 185 cfs 
From September 1 through March 31 150 cfs 
From April 1 through May 31 185 cfs 
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(2) During normal water supply conditions and when 
the combined water in storage, including dead 
storage, in Lake Pillsbury and Lake Mendocino 
on May 31 of any year is between 150,000 acre- 
feet or 90 percent of the estimated water 
supply storage capacity of the reservoirs, 
whichever is less, and 130,000 acre-feet or 80 
percent of the estimated water supply storage 
capacity of the reservoirs, whichever is less: 

From June 1 through March 31 
From April 1 through May 31 

If from October 1 through 
December 31, storage in Lake 
Mendocino is less than 
30,000 acre-feet 

150 cfs 
185 cfs 

75 cfs 

(3) During normal water supply conditions and when 
the combined water in storage, including dead 
storage, in Lake Pillsbury and Lake Mendocino 
on May 31 of any year is less than 130,000 
acre-feet or 80 percent of the estimated water 
supply storage capacity of the reservoirs, 
whichever is less: 

From June 1 through December 31 75 cfs 
From January 1 through March 31 150 cfs 
From April 1 through May 31 185 cfs 

(4) During dry water supply conditions 75 cfs 

(5) During critical water supply 
conditions 25 cfs 

(C)' The following minimum flows in the Russian River 
between its confluence with Dry Creek and the 
Pacific Ocean to the extent that such flows cannot 
be met by releases from storage at Lake Sonoma 
under Permit 16596 issued on Application 19351: 

(1) During n.ormal water supply 
conditions 125 cfs 

(2) During dry water supply conditions 85 cfs 

(3) During critical water supply 
, conditions 35 cfs 
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For the purposes of the requirements in this term, the 
following definitions shall apply: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Dry water supply conditions exist when cumulative 
inflow to Lake Pillsbury beginning on October 1 of 
each year is less than: 

8,000 acre-feet as of January 1 
39,200 acre-feet as of February 1 
65,700 acre-feet as of March 1 
114,500 acre-feet as of April 1 
145,600 acre-feet as of May 1 
160,000 acre-feet as of June 1 

Critical water supply conditions exist when 
cumulative inflow to Lake Pillsbury beginning on 
October 1 of each year is less than: 

4,000 acre-feet as of January 1 
20,000 acre-feet as of February 1 
45,000 acre-feet as of March 1 
50,000 acre-feet as of April 1 
70,000 acre-feet as of May 1 
75,000 acre-feet as of June 1 

Normal water supply conditions exist in the absence 
of defined dry or critical water supply conditions. 

The water supply condition designation for the 
months of July through December shall be the same 
as the designation for the previous June. Water 
Supply conditions for January through June shall be 
redetermined monthly. 

Cumulative inflow to Lake Pillsbury is the 
calculated algebraic sum of releases from Lake 
Pillsbury, increases in storage in Lake Pillsbury, 
and evaporation from Lake Pillsbury. 

Estimated water supply storage space is the 
calculated reservoir volume below elevation 1,828.3 
feet in Lake Pillsbury and below elevation 749.0 
feet in Lake Mendocino. Both elevations refer to 
the National Geodetic Vertical Datum of 1929. The 
calculation shall use the most recent two reservoir 
volume surveys made by the U. S. Geological Survey, 
U. S. Army Corps of Engineers, or other responsible 
agency to determine the rate of sedimentation to be 
assumed from the date of the most recent reservoir 
volume survey.' 
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5. A new term is added to read: 

"The total rate and quantity of direct diversion and 
rediversion of stored water at the Wohler and Mirabel 
Park pumping facilities under this permit, together with 
that directly diverted and rediverted from storage under 
Permits 12949, 12950, and 16596, issued on Applications 
15736, 15737, and 19351, shall not exceed 180 cfs and 
75,000 acre-feet per water year of October 1 to 
September 30." 

6. A new term is added to read: 

"Withdrawals from storage under this permit for use 
within the service area of the Redwood Valley County 
Water District shall be subject to the following 
restrictions: 

(4 Said withdrawals shall be discontinued whenever 
cumulative inflow to Lake Pillsbury during the 
current water year is less than 50,000 acre-feet on 
April 1, or less than 90,000 acre--feet on May 1. 
Withdrawals shall not resume until storage in Lake 
Mendocino rises to more than 30,000 acre-feet 
subsequent to October 31 after having fallen below 
that level, or until permittee has projected, to 
the satisfaction of the Chief, Division of Water 
Rights, that storage at Lake Mendocino will not 
fall bel'ow 30,000 acre-feet. 

(b) Said withdrawals, if not already discontinued under 
condition (a) above, shall be restricted to a 
monthly quantity no greater than fifty percent of 
the average monthly use in the service area of the 
Redwood Valley County Water District during the 
same month of the previous three years, whenever 
storage in Lake Mendocino is below 30,000 acre- 
feet.' 

7. A new term is added 

"Any agreement 

to read: 

between permittee and the Redwood Valley 
County Water District for withdrawals from storage at 
Lake Mendocino under this permit shall be subject to 
discontinuation, curtailment, or special conditions 
placed on said withdrawals pursuant to this permit, as 
this permit is now or may be amended in the future. A 
copy of any such contract shall be submitted to the 
State Water Resources Control Board." 
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8. 4 new term is added to read: 

"The State Water Resources Control Board reserves 
jurisdiction over this permit to modify, delete, or 
impose additional conditions concerning the withdrawal 
of storage from Lake Mendocino for use within the 
service area of the Redwood Valley County Water 
District. Action by the Board will be taken only after 
notgce to interested parties and opportunity for 
hearing." 

9. A new term is added to read: 

"Permittee shall collect and maintain average daily flow 
data for the following U.S. Geological Survey streamflow 
gaging stations: 

Potter Valley Powerhouse Tailrace 
East Fork Russian River near Ukiah 
Russian River near Ukiah 
The summation of the above two (flow at the Forks) 
Russian River near Hopland 
Russian River near Cloverdale 
Russian River near Healdsburg 
Russian River near Guerneville 

"In addition, permittee shall collect and maintain daily 
data onthe quantity of water pumped at its Wohler and 
Mirabel Park facilities, including water pumped to 
offstream settling ponds, and on the operation of Lake 
Mendocino including the calculated quantities of inflow, 
discharge, change in lake volume, lake evaporation, 
precipitation on the lake if not included in inflow, 
direct diversion by Redwood Valley County Water 
District, and withdrawals from storage for use in 
Redwood Valley. 

"Requirements.for collection and maintenance of 
streamflow and operational data under this permit are 
subject to modification, deletion, or replacement by 
other requirements as ordered by the Chief, Division of 
Water Rights." 

10. A new term is added to read: 

"Permittee shall consult with the Division of Water 
Rights and, within one year from the date of this 
amended permit, develop a plan, satisfactory to the 
Chief, Division of Water Rights, for submittal of data 
to the State Water Resources Control Board on the 
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quantities of direct diversion and rediversion of stored, 
water beneficially used under this permit." 

11. A new term is added to read: 

"Permittee shall consult with the Division of Water 
Rights and develop and implement a water conservation 
plan or actions for the service area of Redwood Valley 
County Water District. The proposed plan or actions 
shall be presented to the State Water Resources Control 
Board for approval within one year from the execution of 
an agreement to deliver water to the service area of the 
Redwood Valley County Water District or such further 
time as may, for good cause shown, be allowed by the 
Board. A progress report on the development of a water 
conservation program may be required by the Board at any 
time within this period. 

"All cost effective measures identified in the water 
conservation program shall be implemented in accordance 
with the schedule for implementation found there'in." 

12. A new term is added to read: 

"The State Water Resources Control Board reserves 
jurisdiction over this permit to modify, delete, or add 
minimum flow requirements or related criteria for the 
protection of fish and wildlife and the maintenance of 
recreation in the Russian River should (1) additional 
fishery studies be conducted in the Russian River, 
(2) unforeseen adverse impacts occur to the fishery or 
recreation in the Russian River, or (3) the Federal 
Energy Regulatory Commission final action on the 
relicensing of Pacific Gas and Electric Company's Potter 
Valley hydroelectric project result in modified minimum 
flow requirements in the Eel River. 

"Action by the Board will be taken only after notice to 
interested parties and opportunity for hearing." c 

C. Permit 12949 shall be amended as follows: 

1. Term 1 is amended to read: . . 

"The water appropriated shall be limited to the quantity 
which can be beneficially used and shall not exceed 20 
CfS to be diverted at the Wohler and Mirabel Park 
pumping facilities from January 1 .to December- 31 of each 
year." 
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2. Term 3 is amended to read: 

3. Term 5 is amended to read: 

4. Term 6 is amended to read: 

5. Term 

"The maximum combined rate of diversion under this 
permit, together with the rate of direct diversion and 
rediversion of stored water under Permits 12947A and 
12950 issued on Applications 12919A and 15737, shall not 
exceed 92 cfs. 

"The total rate and quantity of direct diversion under 
this permit, together with that directly diverted and 
rediverted from storage under Permits 12947A, 12950, and 
16596 issued on Applications 12919A, 15737, and 19351, 
shall not exceed 180 cfs and 75,000 acre-feet per water 
year of October 1 to September 30.” 

"Construction work shall be completed by December 1, 
1995. ” 

"Complete application of the water to the authorized use 
shall be made by December 1, 1999.” 

10 is amended to read: 

"For the protection of fish and wildlife, and the 
maintenance of recreation in the Russian River, 
permittee shall allow sufficient water to bypass the 
points of diversion to maintain the following minimum 
flows to the Pacific Ocean: 

(1) During normal water supply conditions 125 cfs* 
(2) During dry water supply conditions 85 cfs 
(3) During critical water supply conditions 35 cfs 

*cubic feet per second 

For the purposes of the requirements in this term, the 
following definitions shall apply: 

(1) Dry water supply conditions exist when 
cumulative inflow to Lake Pillsbury beginning on 
October 1 of each year is less than: 

8,000 acre-feet as of January 1 
39,200 acre-feet as of February 1 
65,700 acre-feet as of March 1 
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(2) 

(3) 

(4) 

(5) 

114,500 acre-feet as of April 1 
145,600 acre-feet as of May 1 
160,000 acre-feet as of June 1 

Critical water supply conditions exist when 
cumulative inflow to Lake Pillsbury beginning on 
October 1 of each year is less than: 

4,000 acre-feet as of January 1 
20,000 acre-feet as of February 1 
45,000 acre-feet as of March 1 
50,000 acre-feet as of April 1 
70,000 acre-feet as of May 1 
75,000 acre-feet as of June 1 

Normal water supply conditions exist in the 
absence of defined dry or critical Water Supply 
conditions. 

The water supply condition designation for the 
months of July through December shall be the 
same as the designation for the previous June. 
Water supply conditions for January through June 
shall be redetermined monthly. 

Cumulative inflow to Lake Pillsbury is the 
calculated algebraic sum of releases for Lake 
Pillsbury, increases in storage in Lake 0 
Pillsbury, and evaporation from Lake Pillsbury." 

6. A new term is added to read: 

"Permittee shall consult with the Division of Water 
Rights and, within one year from the date of this 
amended permit, develop a plan satisfactory to the 
Chief, Division of Water Rights, for submittal of data 

'to the State Water Resources Control Board on the 
quantities of direct diversion beneficially used under 
this permit." 

7. A new term is added to read: : 

"The State Water Resources Control Board reserves 
jurisdiction over this permit to modify, delete, or add 
minimum flow requirements or related criteria for the 

? 
protection of fish and wildlife and the maintenance of 
recreation in the Russian River should (1) additional 
fishery studies be conducted in the Russian River, 
(2) unforeseen adverse impacts occur to the fishery or 
recreation in the Russian River, or (3) the Federal 
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F 

Energy Regulatory Commission final action on the 
relicensing of Pacific Gas and Electric Company's Potter 
Valley hydroelectric project result in modified minimum 
flow requirements in the Eel River. 

d'Action by the Board will be taken 
interested parties and opportunity 

D. Permit 12950 shall be amended as follows: 

1. Term 1 is amended to read: 

"The water appropriated shall be limited to the 
quantity which can be beneficially used and shall not 
exceed 60 cfs to be diverted at the Wohler and Mirabel 
Park pumping facilities from April 1 to September 30 of 
each year." 

2. Term 3 is amended to read: 

3. Term 5 is amended to read: 

"Construction work shall be completed by December 1, 
1995." 

4. Term 6 is amended to read: 

"Complete application of the water to the authorized use 
shall be made by December 1, 1999.” 

5. Term 11 is amended to read: 

"For the protection of fish and wildlife, and the 
maintenance of recreation in the Russian River, 

only after notice to 
for hearing." 

"The maximum combined rate of diversion under this 
permit, together with the rate of direct diversion and 
rediversion of stored water under Permits 12947A and 
12949 issued on Applications 12919A and 15736, shall not 
exceed 92 cfs. 

"The total rate and quantity of direct diversion under 
this permit, together with that directly diverted and 
rediverted from storage under Permits 12947A, 12949, and 
16596 issued on Applications 12919A, 15736, and 19351, 
shall not exceed 180 cfs and 75,000 acre-feet per water 
year of October 1 to September 30." 
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permittee shall allow sufficient water to bypass the 
points of diversion to maintain the following minimum 
flows to the Pacific Ocean: 

(1) During normal water supply conditions 125 cfs* 
(2) During dry water supply conditions 85 cfs 
(3) During critical water supply conditions 35 cfs 

*cubic feet per second 

For the purposes of the requirements in this term, the 
following definitions shall apply: 

(1) Dry water supply conditions exist when 
cumulative inflow to Lake Pillsbury beginning on 
October 1 of each year is less than: 

8,000 acre-feet as of January 1 
39,200 acre-feet as of February 1 
65,700 acre-feet as of March 1 

114,500 acre-feet as of April 1 
145,600 acre-feet as of May 1 
160,000 acre-feet as of June 1 

(2) Critical water supply conditions exist when 
cumulative inflow to Lake Pillsbury beginning on 
October 1 of each year is less than: 

4,000 acre-feet as of January 1 
20,000 acre-feet as of February 1 
45,000 acre-feet as of March 1 
50,000 acre-feet as of April 1 
70,000 acre-feet as of May 1 
75,000 acre-feet as of June I. 

(3) Normal water supply conditions exist in the 
absence of defined dry or critical water supply 
conditions. 

(4) The water supply condition designation for the 
months of July through December shall be the 
same as the designation for the previous June. 
Water supply conditions for January through June 
shall be redetermined monthly. 

(5) Cumulative inflow to Lake Pillsbury is the 
calculated algebraic sum of releases for Lake 
Pillsbur*y, increases in storage in Lake 
Pillsbury, and evaporation from Lake Pillsbury." 
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6. A new term is added to read: 

"Permittee shall consult with the Division of Water 
Rights and, within .one year from the date of this 
amended permit, develop a plan satisfactory to the 
Chief, Division of Water Rights, for submittal of data 
to the State Water Resources Control Board on the 
quantities of direct diversion beneficially used under 
this permit." 

7. A new term is added to read: 

"The State Water Resources Control Board reserves 
jurisdiction over this permit to modify, delete, or add 
minimum flow requirements or related criteria for the 
protection of fish and wildlife and the maintenance Of 
recreation in the Russian River should (1) additional 
fishery studies be conducted in the Russian River, 
(2) unforeseen adverse impacts occur to the fishery or 
recreation in the Russian River, or (3) the Federal 
Energy Regulatory Commission final action on the 
relicensing of Pacific Gas and Electric Company's Potter 
Valley hydroelectric project result in modified minimum 
flow requirements in the Eel River. 

"Action by the Board will be taken only after notice to 
interested parties and opportunity for hearing." 
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E. Except as specifically changed by this Order and by any previous orders bf 
0 

this Board concerning these permits, all terms and conditions contained in 

permits 12947A, 12949, 12950 and 16596 remain in full force and effect. 

. 

CERTIFICATION 

The undersigned, Executive Director of the State Water Resources Control Board, 
does hereby certify that the foregoing is a full, true, and correct copy of a 
decision duly and regularly adopted at a meeting of the State Water Resources 
Control Board held on April 17, 1986. 

AYE: Darlene E. Ruiz 
E. H. Finster 
Eliseo M. Samaniego 
Danny Walsh 

NO: None 

ABSENT: None 

ABSTAIN: None 

Raymond Walsh 
Interim Executive Director 
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1   Lake Mendocino FIRO, June 24, 2015 
 

APPENDIX E PRELIMINARY CONSIDERATIONS FOR DEVELOPING FIRO 
EVALUATION CRITERIA 
 
Flood control – Goal is to not increase risk to the dam or downstream occupants.  Hence increase in 
water storage would be temporary in nature and may well be a deviation per policy.  For example if 
additional 10,000 acre feet of water is retained just before March the rule curve allows increased water 
storage starting 1 March.   By 18 March the allowed increase would account for the 10,000 acre feet.    
 
Recreation at CVD - As showed in 8.1 FIRO might be able to help recoup economic lost if additional 
10,000 Ac ft of water is captured.  This increased water could potentially place the lake level on par with 
the level of the lake during a normal dry year, significantly increasing visitation.  (Note: Water flowing 
into CVD from the PVP is not a straight forward impact on visitation as winter pool levels were 
maintained based on rule curve.   Hence additional water was released from CVD prior to 2005 as flood 
releases).       
 

Water Supply criteria –The water supply reliability of CVD/Lake Mendocino has resulted in the Water 
Agency having to file a number of Temporary Urgency Change Petitions (TUCP) to its water rights with 
the SWRCB since 2006 to reduce minimum in-stream flow requirements due to inadequate water supply 
storage in Lake Mendocino.  As a requirement to approving a TUCP filed by the Water Agency in May of 
2013, the State Board required the Water Agency to perform an analysis evaluating the water supply 
reliability of Lake Mendocino and the Upper Russian River.  The Lake Mendocino Water Supply 
Reliability Study was submitted to the SWRCB in April 2015 (Lake Mendocino Water Supply Reliability 
Study).  The following lists some of the scenarios evaluated using a water balance model of the Upper 
Russian River: 

 Current water demand using historical hydrologic data (1910-2013):  “Current 
Conditions”; 

 Low projected water demand at 2045 using historical hydrologic data (1910-
2013); 

 High projected water demand at 2045 using historical hydrologic data (1910-
20130; 

 High projected water demand at 2045 using wet climate change future; and 
 High projected water demand at 2045 using dry climate change future. 

 
Figures G.1 and G.2 summarizes the results of these model scenarios.  As can be seen, the 
current reliability (Current Condition scenario) of CVD/Lake Mendocino, as evaluated by 
modeling, is lower than observed water storage between 1984 to 2006, the period of time 
when the Russian River was managed by both CVD and Warm Springs Dam and before the 
reduced PVP diversions.  In addition, the modeling results indicate a decline in future water 
supply reliability compared to the Current Condition scenario.  Consequently, the management 
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of Lake Mendocino for water supply will be more challenging in the future as its reliability 
declines due to increased demand and projected climate change. The results of the Lake 
Mendocino Water Supply Reliability Study should be used as criteria in evaluating the viability 
of FIRO to improve the water supply performance of the facility. 
 

 
Figure G.1. Graph illustrating minimal annual storage in Lake Mendocino with historical climate 
data, a variety of demands and current and no operations of Potter Valley Diversion Project. 
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Figure G.2. Graph illustrating modeled Lake Mendocino storage with historic, dry and wet 
climate scenarios and a variety of demands. 
 
Environmental Criteria 
The 2008 Russian River Biological Opinion includes CVD flood and water supply operations and 
the potential of these actions to impact threatened Central Coast Chinook salmon and 
California Central Coast steelhead trout.  The three specific areas identified as potentially 
impacting ESA-listed salmonids in the Russian River Biological Opinion associated with CVD 
includes elevated summer stream flows (D1610), ramping rates, and turbidity. The current 
salmonid criteria related to each of these areas are as follows: 

1) Elevated summer streamflows  (Permanent Changes to D1610): 
a. Normal water years: Reduce the minimum flow requirements in the Russian 

River from the East Fork to Dry Creek from 185 cfs to 125 cfs between June 1 and 
August 31; and from 150 cfs to 125 cfs between September 1 and October 31.  

b. Dry water years: Reduce the minimum flow requirements between the mouth of 
Dry Creek and the mouth of the Russian River from 85 cfs to 70 cfs. 

2) CVD Operations (Ramping rates): 
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a. Ramp-up: (1) discharge 0-250 cfs, max ramp-up 1000 cfs/hour; (2) discharge 250-
1000 cfs, max ramp-up 1000 cfs/hour; (3) discharge >1000 cfs, max ramp-up 
2000 cfs/hour. 

b. Ramp-down: (1) discharge 0-250 cfs, max ramp-down 25 cfs/hour; (2) discharge 
250-1000 cfs, max ramp-down 250 cfs/hour; (3) discharge >1000 cfs, max ramp-
down 2000 cfs/hour. 

c. RPM3 (p. 320): Undertake measures to ensure that harm and mortality to listed 
salmonids from ramping procedures at CVD are low. 

3) Turbidity: 
a. “Turbidity from Coyote Valley Dam may be causing harm to eggs and alevins, and 

limiting rearing opportunities by reducing feeding, displacing rearing juveniles 
downstream, reducing growth rates for rearing salmonids, and reducing their 
food supply (p.122)”. 

b. RPM4 (p. 321): Undertake measures to assist NMFS in determining the amount 
of take resulting from turbidity releases at Coyote Valley Dam. 

Water temperature impairments associated with reduce cold water storage in Lake Mendocino 
was not presented as a specific impact to juvenile steelhead or adult Chinook salmon, but was 
mentioned in the Russian River Biological Opinion: “Main stem flow releases required to 
maintain current D1610 requirements cause the cold water pool in Lake Mendocino to become 
depleted by late August or early September, reducing the quality of rearing habitat in the upper 
main stem Russian River (p. 121)”. 
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APPENDIX F SHORT PROJECT DESCRIPTIONS 
 
Enhanced Monitoring of Flow & Turbidity 

In effort to better quantify seasonal changes in Lake Mendocino limnology and pervasive issues with 
high turbidity associated with reservoir releases, the following additions to existing monitoring are 
recommended: 

1) Monitoring of turbidity of inflow into Lake Mendocino at the USGS Calpella gage; 
2) Monitoring of temperature, dissolved oxygen and turbidity at the outlet structure with the 

deployment of a vertical array of 3 to 5 instruments  to monitor conditions at discrete depths 
below water surface; and 

3) Monitoring of temperature, dissolved oxygen, and turbidity just downstream of the outfall of 
the outlet structure. 

Data collected under these monitoring recommendations can be used to better understand the seasonal 
temperature and dissolved oxygen stratification and turnover of the reservoir as well as the ongoing 
issue of turbid releases which result in degraded habitat conditions downstream.  These data will be 
used to support and validate future comprehensive modeling efforts. 
 
NOTE:  SEE APPENDIX G, ESTABLISHING FISHERIES BENEFITS ASSOCIATE WITH FIRO, FOR A 
DISCUSSION OF ENHANCED MONITORING OF FLOW AND TURBIDTY AND OF RAMPING RATES. 
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Precipitation and Soil Moisture Monitoring in the 
Russian-Napa Watersheds 

The precipitation and soil moisture monitoring program in 
both the Russian and Napa rivers watersheds  is a 
collaborative project between ESRL-PSD, DWR, SCWA, 
USGS, and USACE. ESRL-PSD will install rain gauge and soil 
moisture monitoring sites above Lake Mendocino to 
monitor watershed conditions and augment the existing 
ESRL-PSD network in the Russian.  The soil moisture data 
will be used by the USGS to determine soil storage 
capacity to estimate runoff into the reservoir.  Rain gauge 
data will be used together with the S-PROF radars to 
improve precipitation monitoring in the watershed, 
especially above Lake Mendocino. Retrospective analyses 
of QPE during extreme precipitation events will be 
conducted and data sets provided to USACE for design 
study analysis.  A NOAA P-3 research aircraft will be 
deployed during the 2014-15 winter season for the CalWater 2 field program, and an experimental flight 
track over the S-PROF network will be evaluated. 

Tasks:  
1. Install 4 SPROF sites (PSD, SCWA) 
2. Install 10 soil moisture/rain gauge sites (PSD, SCWA) 
3. Collect data during precipitation events, QC data, and make available to partners (PSD, USGS, 

SCWA, ACE, DWR) 
4. Conduct retrospective analyses of QPE and soil moisture (PSD, USGS, ACE, SCWA, DWR) 

Schedule: 
1. Installations: Fall-Winter 2014-2015 
2. Data collection: Winter 2014-2015 and 2015-2016 
3. Retrospective analyses: Spring 2015-Spring 2016 

Budget:  

Collaborators: ESRL-PSD, DWR, SCWA, USGS, ACE  

 

  

 

Proposed HMT sites (white) in upper 
Russian. Existing HMT (yellow), CNRFC 
(red), and other precipitation gauge 
sites (green). 
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Detecting and Tracking Atmospheric Rivers over 
the Pacific Ocean  
This is a collaborative project between ESRL-PSD, 
Scripps, DWR, and the Water Agency. NOAA’s ESRL-
PSD has developed satellite-based atmospheric river 
detection and tracking tools which have been 
automated and operate continuously. Passive 
microwave data from the Special Sensor Microwave 
Imager (SSM/I) and Special Sensor Microwave 
Imager Sounder (SSMIS) enable retrieval of the total 
integrated water vapor (IWV) content over the 
oceans. The combination of SSM/I and SSMIS data 
provides an IWV climate record of over 20 years. 
Work at developed a mapping of SSMIS brightness 
temperatures to SSM/I to extend the record. Initial 
criteria were developed to identify atmospheric 
river events in IWV imagery and forecast fields. 
These techniques were expanded to enable fully automated detection of the events and have been 
applied to the verification of forecasts of the 
events. http://www.esrl.noaa.gov/psd/psd2/coastal/satres/data/html/ESRL-PSD_sat.html  

An Atmospheric River Detection Tool (ARDT) has been developed that compares model (GFS) analyses 
IWV with satellite observations and shows forecasts of integrated vapor transport (IVT) out to one week 
(http://www.esrl.noaa.gov/psd/psd2/coastal/satres/ar_detect.html; Wick et al 2013).   

It is intended to continue to operate the IWV detection and tracking system, and to work to improve the 
system through integration with large-scale numerical weather models so that the location of AR 
landfall, intensity and duration can be better forecast. In addition it is intended to add additional models 
(e.g., ECMWF and NAM) to the ARDT so that forecasters can compare model performance and help 
inform prediction of landfalling ARs.  

Tasks:  
1. Incorporate other NWP models to compare with GFS (PSD, Scripps) 
2. Improve decision support tool as needed (PSD, Scripps, DWR, SCWA) 

Schedule: 
1. Incorporate additional NWP guidance: Year 1 
2. Improve decision support tool: Year 2  

Budget:  

Collaborators: ESRL-PSD, Scripps, Cal DWR, SCWA 
 
  

 
NOAA ESRL PSD has developed automated 
satellite monitoring tools to detect and track ARs 
across the Pacific.  

http://www.esrl.noaa.gov/psd/psd2/coastal/satres/data/html/hmt_sat.html
http://www.esrl.noaa.gov/psd/psd2/coastal/satres/ar_detect.html
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Distributed Hydrologic Modeling 
This is a collaborative project between ESRL-PSD, NWS, USGS, 
SCWA, ACE, and DWR. NOAA’s ESRL-PSD has been involved in 
piloting the NWS OHD Distributed Hydrologic Model (DHM) to 
support future forecast operations, which can address tributary 
flash flood and environmental low flows. The higher resolution 
gridded model can provide forecasts for smaller basins, as well 
as account for spatially variable rainfall and soil moisture 
dynamics, which the current CNRFC model does not do.  

The DHM has been calibrated for the Russian River tributaries 
and performs well for flood peaks and reasonably well for low 
flows. The Russian River DHM is being prototyped for real-time 
operations by ESRL-PSD and the NWS WFO-MTR using the 
CHPS-FEWS platform. It is now capable of importing a number 
of QPE and QPF precipitation field for retrospective and real-
time forecasting applications. It is being prototyped to examine 
model performance and concept-of-operations aspects, and it 
is expected to be applied to the entire WFO-MTR San Francisco 
Bay area domain. The CHPS-FEWS-DHM is available to be 
implemented at Scripps in the mid- to long-term. 

Tasks:  

1. Calibrate and verify the DHM: Calibration complete except for soil moisture data assimilation. (Hsu 
et al 2014 (in prep)). 

2. RDHM/CHPS forcing with various precipitation fields (i.e. HEFS, reforecasts, XREF, HRRR):  This is on-
going development.  (ESRL-PSD, CNRFC, OHD) 

3. Interface to CNRFC Sac Model: Coordination with the CNRFC main stem river forecasts is to be 
accomplished; the DHM will focus on tributaries for flash floods. (ESRL-PSD, CNRFC, WFO-MTR) 

4. Interface to USACE CWMS: The imported and processed precipitation fields for retrospective and 
real-time events can be provided to the Corps CWMS platform as needed. (ESRL-PSD, USACE, 
CNRFC)  

5. Implement CHPS-FEWS with DHM at Scripps: The CHPS-FEWS platform could be implemented at 
Scripps to support state-wide implementation of the DHM. 

Schedule:  

1. Near-term (1 – 2 years): 
a. Calibrate and verify the DHM to assimilate soil moisture observations.  
b. RDHM/CHPS forcing with various precipitation fields Soil moisture flow dynamics:  

2. Mid-term (3 – 5 years):  
a. Interface to CNRFC Sac Model 
b. Interface to USACE CWMS 

3. Long-term (> 5 years): 
a. Implement CHPS-FEWS with DHM at Scripps 

Budget:   

Collaborators: ESRL-PSD, NWS CNRFC and WFO-MTR, USGS, SCWA, HEC, DWR, OHD, Scripps 

  

 
Distributed hydrologic model (DHM) is 
being piloted in the Russian-Napa 
Rivers to support NWS forecast 
operations for flash floods and 
environmental services. 

Santa Rosa Creek at Santa Rosa
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Implementation of Enhanced Hydrometeorological 
Monitoring Network  
The Enhanced Hydrometeorological Monitoring Network is 
a collaborative project between NOAA-PSD and DWR to 
install a 21st-century observing network, provide an 
ensemble numerical weather prediction system, and 
develop decision support tools to help California deal with 
water resource and flood protection issues. In addition, the 
observations network is being densified in the Russian River 
basin through support of the Water Agency. These 
instruments are being deployed in stages over a period of 
years beginning in 2009. Over time, these observations will 
create an important climate record and datasets to verify 
model QPF and improve overall forecast skill.  Included with 
the new observations are modeling and display methods 
and development of decision support tools for extreme 
precipitation and other hydrologic forcing. The initial water 
vapor, soil moisture and snow level observations are now 
operating, while modeling methods, including ensemble and 
high resolution techniques suited to cool-season orographic precipitation are being tested and the 
scientific foundations for the decision support tool have been laid around the atmospheric river 
phenomenon.  

Tasks:  

1. Complete installation of soil moisture and ARO sites (Spring 2015) – PSD, SCWA 
2. Maintain sites, QC, manage, and share data (next 5 years) – PSD, DWR, SCWA, USGS 

Schedule: 

Budget:  

Collaborators: ESRL-PSD, Cal DWR, SCWA, USGS  

 
  

 
Map of California indicating where 
observing system enhancement projects 
are being implemented as part of the 
ESRL PSD HMT-Legacy project. 
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Reforecast Data Set for Improved 
Precipitation Forecasts 
This is a collaborative project 
between NOAA  and CNRFC to 
develop ensembles of reservoir 
inflows to be generated by the 
CNRFC Hydrologic Ensemble 
Forecast System. The CNFRC 
predicts unimpaired flows for the 
Russian River basin using the 
Hydrologic Ensemble Forecast 
System.  However, before the 
CNRFC generates the ensemble 
hydrologic forecasts, it gathers 
atmospheric ensemble 
(precipitation, temperature, etc.) 
forecasts from the NOAA National 
Centers for Environmental 
Prediction (NCEP). This project will 
include demonstration of PSD 
advanced forecasting tool 
capabilities in the first year of the project, including evaluation of reforecast data set products (Hamill 
and Whitaker 2006) for improved atmospheric forecasts in the western U.S. 

The NWS must “pre-process” atmospheric forecasts to produce atmospheric forcing at the space and 
time scales of the hydrologic forecast models. This includes spatial and temporal downscaling, statistical 
model bias correction, and an analysis of model hindcasts together with corresponding observations to 
calibrate the pre-processing algorithms. After the pre-processing is complete, the NWS hydrologic 
models are initialized with the current basin conditions and the atmospheric ensemble members are run 
through the hydrologic model one at a time, generating a hydrologic ensemble forecast. Additionally, 
the NWS forecast ensembles have potential to provide ensemble hydrologic forecasts for future climate 
change scenarios. The advanced reforecast data set developed by PSD will be integrated with the HEFS 
and evaluated in Years 2-3 of the project. 

Tasks:  

1. Evaluation of reforecast data, trained to CPPA (1/8 deg) deg. For cool season precipitation 
events in California 

2. Work with CNRFC to downscale reforecasts to ~4km (HRAP), evaluate, and integrate data set 
into CNRFC HEFS system 

3. Develop experimental 6-10 day probabilistic forecasts of no rain/AR 
Schedule: 

1. Year 1 CPPA evaluation 
2. Year 2-3 Integration into HEFS; experimental forecasts 

Budget:  

Collaborators: ESRL-PSD, CNRFC, OHD 

  

 
Brier skill score for 12-24 hour forecast of precipitation exceeding 25 
mm using (top left) using reforecast data trained to CPPA with 
supplemental location technique; (top right) same as top left except 
using rank analog technique; and (bottom) raw GEFS 
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NWP Microphysics Evaluation for Improved Orographic 
Precipitation  
This is a collaborative project between NOAA ESRL-PSD 
and GSD, NWS, and Scripps.  The project will utilize ESRL-
PSD S-PROF, wind profiler and other network 
observations in the Bay Area (including the Russian River 
watershed) to evaluate different microphysical 
parameterizations used by high resolution numerical 
weather prediction models (EXREF, HRRR, West-WRF).  
Analysis will be done for selected cases studies from 
extreme precipitation events over a range of forecast 
lead times.  Analysis will include examination of 
microphysical quantities (e.g., radar reflectivity and 
particle weighted fall speed) as well as QPF.  Tools for 
the latter include the NWS BoiVer, and ESRL/NCAR tools 
(MET-MODE) to facilitate model intercomparisons by 
forecasters. 

Tasks:  

1. Assemble model data sets 
2. Re-format data sets as necessary to allow compatibility in AWIPS 2 and MET environments 
3. Conduct evaluations of QPF and microphysics for selected case studies 
4. Recommend improvements to current microphysical parameterization schemes 

Schedule: 
1. Year 1 Identify events for EXREF, HRRR, West WRF evaluation; utilize on-going EXREF evaluation 

to develop comprehensive methodology for all models (e.g., vertical plus spatial cross section 
and 3-D analyses) 

2. Year 2-3: conduct evaluation on selected case studies.  Identify best parameterization for west 
coast extreme events and make recommendations for improving microphysics 
parameterizations 

Budget:  

Collaborators: ESRL-PSD, Scripps, NWS  

 
  

 
Gilbert Skill Score for QPF > 1.0” as a function 
of lead time for 1 month period over west 
coast domain (March 15-April 15 2012). QPF 
shown: GFS (blue), NAM (brown), and 
EXREF(red). 
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Soil Moisture Monitoring, Assessment and Data 
Assimilation 
The soil moisture monitoring, assessment and data 
assimilation is a collaborative project between ESRL/PSD, 
USGS/CAWSC, SCWA, ACE, DWR, and NWS/OHD. NOAA’s 
ESRL-PSD has been involved with installation and 
monitoring of soil moisture (SM) in the Russian River basin 
for a number of years. And several new SM monitoring 
sites are being added to the E Fk Russian River upstream of 
Lake Mendocino in order to obtain a better picture of SM 
conditions and wetting/drying dynamics prior to forecast 
rain storms. The SM data obtained has been compared to 
simulated SM values obtained from the NWS DHM 
(distributed hydrologic model) with varying degrees of 
success. ESRL/PSD is working with the OHD to advance 
procedures for assimilating the SM data to establish initial 
states of the DHM to support improved flow forecasts, esp. 
for precipitation events occurring after prolonged dry 
periods. 
 
The USGS water balance model, Basin Characterization Model (BCM; Flint et al 2013) has been 
developed for a daily application at a 270-meter spatial resolution and calibrated for 1910-2013 to 
Calpella streamflow and reservoir inflows in the Lake Mendocino watershed, to tributaries to the 
mainstem, including the Lake Sonoma watershed, and all mainstem measured streamflows. The 
intended application of this model is to develop unimpaired flows for the SCWA RESSEIM water 
management model. Refinements in the model capability are necessary to better match very dry soil 
and shallow unsaturated zone conditions and improve consideration of changes in agricultural demand 
in Potter Valley. 

The NWS DHM has been developed at a two resolutions – 4 
kilometer and 6 hour, and 1 kilometer and 1 hour to ingest 
gridded precipitation forecasts and has been calibrated to a 
four-year period, 2010 – 2013, for total runoff volume, 
flood peaks and low flows. The DHM is being prototyped 
within the CHPS-FEWS computing architecture for 
deployment at WFO-MTR. The CHPS-FEWS implementation 
involves automatic importing of a variety of precipitation 
fields from the NWS forecasts systems. Refinement and 
optimization of both models to represent watershed 
conditions at the varying spatial scales provides a suite of 
options for scenario testing and forecasts. The USGS-
CAWSC has been examining the ESRL-PSD SM data to 
better define the dynamics of soil wetting and drying cycles 
using their BCM model. That activity holds promise for 
providing better understanding the SM physics and could 
provide a means for characterizing the initial states for the 
DHM forecasting model. Calibration of the SM initial states 
would inform the companion research effort by OHD on 

 
Correspondence between soil moisture 
sensor and distributed hydrologic model 
simulation shows disparities that need to 
be resolved (i.e. model too wet). 

 
Average climatic water deficit of the 
current bioclimatic distribution for 
redwood forest in the Russian River Valley  
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assimilation of the SM data into the DHM and improve forecast performance. The refined BCM would 
provide daily scenarios of forecasted hydrologic conditions for testing reservoir operations with the 
SCWA RESSIM water management model.  

The CAWSC has been working with the Sonoma County Water Agency for several years to develop daily 
hydrologic models for input to their water management models and have soil moisture monitoring in 
the Russian River watershed. They have been specifically tasked to develop a soil moisture monitoring 
scheme and hydrologic modeling capability that will serve to establish enough confidence in simulated 
runoff from a forecasted precipitation event that this information can inform reservoir operations to 
maintain water in the reservoir under dry antecedent conditions. Confidence will be developed on the 
basis of demonstrated success with historical conditions especially extreme events, and match to 
measured watershed and stream flow conditions.  

Minimizing uncertainties in the simulations and demonstrating limits to watershed response under 
several stress test scenarios will increase the support in the use of forecasts to inform reservoir 
operations and strategically manage the reservoir to optimize this multi-use resource. Once the 
activities for Lake Mendocino have been developed and tested successfully they will be applied to the 
remainder of the Russian River basin and particularly the Lake Sonoma watershed for additional 
improvements to water management on the basis of forecasts of climate and watershed response.  

Tasks:  

1. Install additional SM sensors (ESRL-PSD, USGS-CAWSC, SCWA): Additional soil moisture gages will be 
installed (to include an additional sensor at approximately 50 cm) in the West Fork Russian and Lake 
Sonoma watersheds. These will be co-located with precipitation and temperature gages. 
Additionally, consideration of additional stream gages in the Lake Mendocino watershed and Dry 
Creek watershed may be warranted. This collaboration has advanced to the point that the CAWSC 
has posited criteria for SM sensor siting with detailed mapping, and candidate locations identified. It 
is anticipated that some of the SM sensors  

2. Develop a SM decision support display system (ESRL-PSD, NWS/OHD, NWS/CNRFC/WFO-MTR): The 
DHM computes the SM conditions for the upper zone (short-term) and lower zone (long-term). The 
DHM output grids can be visualized as a) anomalies in comparison to expected monthly averages, or 
b) the percentage full of the upper and lower zones. The gridded displays would be provided 
through web services deployment in association with the DHM surface runoff grids and channel 
flows. This is part of DHM prototype deployment to assess SM products in association with CNRFC 
Flash Flood Guidance at the WFO-MTR. 

3. Conduct detailed analysis of soil wetting and drying cycles, and saturated-unsaturated flow 
dynamics (USGS/CAWSC, ESRL-PSD): The USGS water balance model, Basin Characterization Model 
(BCM; Flint et al 2013) has been developed for a daily application at a 270-m spatial resolution and 
calibrated for 1910-2013 to Capella stream flow and reservoir inflows in the Lake Mendocino 
watershed, to tributaries to the main stem, including the Lake Sonoma watershed, and all main stem 
measured stream flows. The intended application of this model is to develop unimpaired flows for 
the SCWA RESSIM water management model. Refinements in the model capability are necessary to 
better match very dry soil and shallow unsaturated zone conditions and improve consideration of 
changes in agricultural demand in Potter Valley. The NWS DHM has recently been enhanced by 
incorporating a heat transfer component (SAC-HT) and vegetation canopy resistance (SAC-HT-CR). 
Previous advancement of the DHM established an approach to convert the SAC-SMA conceptual 
storage layer depths to physically-based layers using soil texture information. These aspects of the 
DHM will be informed by the detailed work being conducted for the BCM soil layers accounting.   
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4. Develop correspondence between soils saturated-unsaturated flow dynamics with the NWS DHM. 
(ESRL/PSD, USGS/CAWSC): Refine the BCM to include multiple layers and deep storage reservoir. 
Correct model dry down calculations as a function of seasonal changes in climatic water deficit for 
all soil types on the basis of soil moisture measurements throughout the Russian River basin. 
Calibrate model to historical stream flow data. Establish a conceptual model of the response of the 
watershed to changes in precipitation under varying soil moisture conditions and how this impacts 
runoff and inflows to the reservoir.   

5. Develop SM data assimilation procedures to relate SM sensor data to DHM SM simulation model. 
(NWS/OHD, ESRL/PSD, USGS/CAWSC): Soil moisture plays a fundamental role in the partitioning of 
rainfall into runoff and infiltration inside a catchment. In particular, for a given storm event, 
different values of initial soil moisture conditions can discriminate between minor or catastrophic 
flooding effects. Therefore, the assimilation of soil moisture information within rainfall-runoff 
models can provide improvement for both runoff prediction and forecasting. ESRL/PSD has been 
examining a nudging scheme incorporating SM observations to establish initial conditions for the 
DHM in forecasting mode. The USGS/CAWSC has developed detailed mappings of spatial variability 
of soil conditions. The NWS/OHD is attempting application of advanced variational data assimilation 
techniques (e.g. Lee at al 2011) to the DHM. These activities will be coordinated using the upper 
Russian River watersheds (E. Fk. And W. Fk.) as the test areas for assessment of hydrologic model 
performance.  

Schedule:  

1. Near-term (1 – 2 years):  
a. Install additional SM sensors in East Fork Russian River  
b. Roll out SM decision support display system and evaluate its utility 
c. Examine SM flow dynamics  

2. Mid-term (3 – 5 years):  
a. Install additional SM sensors in tributaries  
b. Adapt SM dynamics to DHM conceptual model; calibrate DHM for wet season start up   

3. Long-term (> 5 years):  
a. Install additional SM sensors in Lake Sonoma watershed. 
b. Incorporate SM data assimilation procedure into DHM forecast operations  
c. Long-term – Extend monitoring and modeling to the Lake Sonoma watershed  

Budget:  

Budget details to be determined. 

Collaborators: ESRL/PSD, USGS/CAWSC, SCWA, HEC, DWR, OHD, Scripps  
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Soil Moisture Monitoring, Assessment and Data 
Assimilation 
This collaborative project between PSD, USGS, SCWA, ACE, 
DWR, and NWS/OHD. NOAA’s ESRL-PSD has been 
underway for several years, and includes installation and 
monitoring of soil moisture (SM) in the Russian River basin 
for a number of years. Several new SM monitoring sites are 
being added to the East Fork Russian River upstream of 
Lake Mendocino in order to obtain a better picture of SM 
conditions and wetting/drying dynamics prior to forecast 
rain storms. The SM data obtained has been compared to 
simulated SM values obtained from the NWS DHM 
(distributed hydrologic model) with varying degrees of 
success. ESRL-PSD is working with the OHD to advance 
procedures for assimilating the SM data to establish initial 
states of the DHM to support improved flow forecasts, esp. 
for precipitation events occurring after prolonged dry 
periods.  
The USGS has been examining the ESRL-PSD SM data to better define the dynamics of soil wetting and 
drying cycles using their BCM model. That activity holds promise for providing better understanding the 
SM physics and could provide a means for characterizing the initial states for the DHM forecasting 
model. Calibration of the SM initial states would inform the companion research effort by OHD on 
assimilation of the SM data into the DHM and improve forecast performance.   
Tasks:  

6. Install additional SM sensors (ESRL-PSD, USGS, SCWA) 
7. Develop a SM decision support display system 
8. Conduct detailed analysis of soil wetting and drying cycles, and saturated-unsaturated flow 

dynamics. (USGS, ESRL-PSD) 
9. Develop correspondence between soil saturated-unsaturated flow dynamics with NWS distributed 

hydrologic model (DHM). (NOAA ESRL-PSD, USGS)  
10. Develop SM data assimilation procedures to relate SM sensor data to DHM SM simulation model. 

(OHD, ESRL-PSD) 
Schedule:  
4. Near-term (1 – 2 years):  

a. Install additional SM sensors in E. Fk Russian River  
b. Roll out SM decision support display system and evaluate its utility 
c. Examine SM flow dynamics  
d. Long-term Lake Sonoma watershed  

5. Mid-term (3 – 5 years):  
a. Install additional SM sensors in tributaries  
b. Adapt SM dynamics to DHM conceptual model; calibrate DHM for wet season start up   

6. Long-term (> 5 years):  
a. Install additional SM sensors in Lake Sonoma watershed. 
b. Incorporate SM data assimilation procedure into DHM forecast operations 

Budget:  

Collaborators: ESRL-PSD, USGS, SCWA, HEC, DWR, OHD, Scripps 
  

 
Correspondence between soil moisture 
sensor and distributed hydrologic model 
simulation shows disparities that need to 
be resolved (i.e. model too wet). 
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Data Gathering and Synthesis 
Implementation of the water quality monitoring recommendations in combination with current 
monitoring efforts will require data management and information synthesis prior to use in a 
comprehensive modeling framework targeting water quality forecasting.  To do this effectively and 
ensure all data gaps are addressed a qualified professional(s) will be required to better characterize and 
improve our understanding of water quality conditions released from Lake Mendocino.  This qualified 
professional(s) will also need to understand and/or conduct water quality forecast modeling that will 
ultimately inform resource managers of potential impacts and/or benefits of various reservoir 
operational scenarios to fisheries. 
 
Ultimately, results from these scenarios will provide a decision support tool that will contribute to better 
coldwater pool management within Lake Mendocino ensuring adequate water temperature conditions 
for rearing juvenile steelhead and fall-run immigrating adult Chinook salmon during dry and critically dry 
fall/early winter periods.  Perceived chronic turbidity issues associated with Lake Mendocino will also 
need to be better understood to potentially develop flow release schemes that minimize associated 
sediment impacts downstream and/or provide justification for modifications to existing Coyote Dam 
infrastructure.  Dissolved oxygen monitoring and modeling will ensure that under severe low storage 
conditions or during reservoir turnover adequate dissolved oxygen levels are maintain downstream of 
Coyote Dam for salmonids. 
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Lake Mendocino Water Quality Modeling 
The water quality modeling project is a collaboration between 
NOAA , Univ. Nevada Reno, USGS, SCWA, and ACE. The 
project intends to develop reservoir water quality predictive 
tools to help define release policies to sustain fisheries in the 
main stem Russian River. Primary emphasis will be on 
temperature stratification and consequent effects on in-
reservoir and downstream fisheries habitat.  Other water 
quality dimensions for sediment, dissolved oxygen and 
dissolved solids may be addressed as well. Turbidity of 
release flows and sediment venting near the release gates will 
also be examined (USGS Minear). This project will integrate 
the water quality model with the reservoir operations model 
to provide a fisheries management capability. This approach 
has recently been applied to the Shasta Reservoir system by 
Univ. Nevada – Reno’s (UN Reno) Saito, et al (2013). 
 
Collaborators will use available data in collaboration with ongoing efforts to develop a model of Lake 
Mendocino with CE-QUALW2 (W2), a publically available reservoir hydrodynamic and operations model. 
W2 will be coupled with a stochastic weather and inflow simulation model that will enable the 
simulation of extreme climate conditions based on historical observations and climate change 
projections. The coupled models will help assess the ability of different management options to enhance 
system resilience for water supplies and fisheries. This information will be vital to stakeholders in 
effectively using funds for restoration and other activities in the watershed.   

Tasks:  

1. Use available data in collaboration with ongoing efforts to develop a model of Lake Mendocino with 
CE-QUALW2 (W2). Identify data gaps and conduct observations to address gaps. (UN Reno (Saito), 
ESRL-PSD, USGS, SCWA, USACE)  

2. Parameterize and calibrate W2 for Lake Mendocino for water quantity, temperature, and turbidity. 
(UN Reno, ESRL-PSD, USGS, SCWA, USACE) 

3. W2 will be coupled with weather and inflow scenarios that will enable the simulation of “stress” 
conditions. Examine sediment venting and turbidity (UN Reno, ESRL-PSD, USGS, SCWA, USACE)  

4. Assess the ability of different management options to enhance system resilience for water supplies 
and fisheries. (UN Reno, ESRL-PSD, USGS, SCWA, USACE) 

Schedule:  
1. Near-term (1 – 2 years):  

a. Collect and analyze available WQ data  
b. Collect additional data 
c. Calibrate W2 for Lake Mendocino 

2. Mid-term (3 – 5 years):  
a. Couple W2 to precipitation, temperature and inflow scenarios. 
b. Simulate “stress” conditions and assess resilience   

3. Long-term:  
a. Deploy W2 model for continuing operations guidance. 

Budget:   

Collaborators: ESRL-PSD, UN Reno, USGS, SCWA, USACE, Scripps 

 
CE-QUAL-W2 Model can be applied for 
reservoir thermal stratification and water 
quality (http://www.ce.pdx.edu/w2/).  

http://www.ce.pdx.edu/w2/
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Data Coordination and Interoperability  
This is a collaborative project between ESRL-PSD, NMFS, PPI, 
NOS, SCWA, USACE, HEC, DWR, and Scripps. Given the 
number of project participants and the various data sets and 
models, there is a need to establish data standards for 
sharing and exchanges.   Improving the interoperability of 
data and systems is a high priority for the three IWRSS 
agencies and their cooperators. Current information 
exchange mechanisms between each water agency are not 
standardized. There are also concerns about computing 
capacity and data storage volumes for existing systems of 
the NWS CNRFC, DWR CDEC, and the other participating 
agencies. A nascent activity in this regard is the SCWA 
project on data and interoperability (on-going). Also, the 
WRF-Hydro architecture could provide guidance on data and 
models integration scheme. 
 
It is suggested that a directed effort be made to advance capabilities for data coordination and 
interoperability. Depending on the vision of need, this task could range from simple data standards to 
supercomputer hosting of all data and modeling capabilities. The supercomputer at Scripps could 
provide the capacity required, and the experiences gained from that facility for the CUAHSI program 
could help in advancing the capabilities desired.  

 Tasks:  

1. Define requirements for data standards and interoperability (ESRL-PSD, USGS, USACE, HEC, SCWA, 
Scripps) 

2. Define a data management and modeling architecture that can sustain the project participants and 
lead to a continuing capability for operations.  

3. Implement the data management and models integration architecture on the Scripps 
supercomputer. Conduct software prototyping, verification and real-time operations testing. 

4. Integrate the FIRO project data and models into the Scripps supercomputer system. Establish real-
time links to CDEC, CHPS-FEWS, CWMS, USGS and other data repositories. Implement the various 
FIRO models on the Scripps supercomputer, perhaps including CHPS-FEWS, CWMS, USGS, XREF and 
West-WRF, DHM, ResSim and others. 

5. Develop a concept of operations for a West Coast Storm Center that would maintain data and 
modeling capabilities for on-going operations. 

Schedule:  

1. Near-term (1 – 2 years):  
a. Define requirements for data standards and interoperability.  
b. Define a data management and modeling architecture 

2. Mid-term (3 – 5 years):  
a. Implement the data management and models integration architecture at Scripps.  

3. Long-term (> 5 years):  
a. Integrate FIRO project data and models at Scripps. 
b. Develop CONOPS for West Coast Storm Center.  

 
Integration of data and models across 
tasks and agencies will require 
development of project integration 
concepts and data standards.  
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Budget:  

Collaborators: ESRL-PSD, NMFS, PPI, NOS, SCWA, USACE, HEC, DWR, Scripps 
 
 
Identify How Coyote Valley Dam Safety Rating Could Be Improved  
The Corps ranks dam safety on a 1-5 scale, with 5 being the safest. Proposed operational changes to 
dams that are ranked 3 or lower are heavily scrutinized. Coyote Valley Dam is rated a DSAC 3. In the 
near-term, the FIRO workgroup will identify and describe the factors that make Coyote Valley Dam rated 
a DSAC 3 facility. In the mid-term, the group will identify what actions/project(s) (and rough costs) 
would be required to increase the DSAC rating from 3 to 4.  This project would only be initiated pending 
outcome of Tasks 7.2.1, 7.2.2, and 7.2.3 showing potential for some improvement of Lake Mendocino 
performance via implementation of FIRO. 
 
Task team:  USACE (lead), SCWA, and RRFCD 
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Apply DHM for selected “stress test” flood 
events 
This collaborative project between PSD, USGS, 
SCWA, ACE, DWR, and NWS uses the NOAA 
ESRL-PSD distributed hydrologic modeling 
(DHM) activity, which provides a foundation for 
assessing the surface runoff and soil moisture 
(SM) dynamics resulting from a wide variety of 
precipitation forcing time series. The DHM 
accounts for the spatial distribution of rainfall 
and SM dynamics. It can be used to generate 
the watershed runoff inflows to Lake 
Mendocino as well as RR tributaries. It has been 
calibrated for a 3-year period; this calibration 
will be improved by the soil moisture data assimilation task described above. 
 

The DHM has been implemented within the CHPS-FEWS platform to that it can easily ingest 
precipitation forcings from a wide variety of QPE and QPF sources, including ensembles of these. The 
CHPS-FEWS-DHM system is being prototyped for real-time forecast operations by the WFO-MTR. The 
DHM and its CHPS-FEWS implementation would be used for assessment of the “stress tests” as defined 
by the companion tasks.  

Tasks:  

1. Coordinate with companion task activities to define the reservoir operation “stress tests.” (PSD, 
ACE, SCWA, USGS) 

2. Ingest the defined “stress tests” precipitation and temperature fields time series and simulate the 
basin runoff inflows to Lake Mendocino. Export these outputs to task involving assessment of 
reservoir operations (ACE).   

3. Demonstrate that the CHPS-FEWS-DHM system can be used for real-time forecast operations for 
runoff forecasting for flood and dry period flows (PSD).  

4. Implement the CHPS-FEWS-DHM system for continuing forecast operations at the WFO-MTR and 
Scripps as appropriate (PSD, DWR, Scripps, SCWA, OHD).  

Schedule:  
1. Near-term (1 – 2 years):  

a. Coordinate on defining “stress tests.”  
b. Ingest “stress tests” precipitation events as developed. Export outputs to reservoir 

operations tasks.  
c. Long-term Lake Sonoma watershed  

2. Mid-term (3 – 5 years):  
a. Demonstrate that the CHPS-FEWS-DHM system for real-time forecast operations.  

3. Long-term (>5 years):  
a. Implement the CHPS-FEWS-DHM system for continuing forecast operations at the WFO-

MTR and Scripps 
Budget:  

Collaborators: ESRL-PSD, USGS, SCWA, HEC, DWR, OHD, Scripps  

 
CHPS-FEWS implementation of DHM supports import of 
precipitation and temperature fields, and export of 
surface runoff and soil moisture grids. 
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FldOps Reservoir Simulation  
This is a collaborative project between ESRL-PSD, USGS, 
SCWA, ACE, DWR, Scripps, and NWS. A spreadsheet (Excel) 
reservoir operations simulation model, called “FldOps”, has 
been developed for the Lake Mendocino system to provide 
a capability for preliminary assessment of reservoir 
operations schemes. The FldOps model has been applied to 
the period 2002 – 2012 to demonstrate its basic 
functionality, calibration and assessment of alternate 
operations schemes. The FldOps uses the historic record of 
inflows and a 10-day look ahead of inflow volumes; 
effectively characterizing the historic record as “perfect” 
forecasts. 
 
The FldOps simulation results demonstrate that Lake 
Mendocino can be operated to obtain downstream flows 
and storage levels that emphasize water supply and fisheries objectives. There are also indications that 
flood risks can be mitigated through pre-release strategies, however more detailed assessment is 
required using the ResSim model to confirm this. FldOps is not intended to be a substitute for ResSim 
but rather an easy to use tool for preliminary assessment of inflow scenarios and alternate operations 
schemes.  

 Tasks:  

1. Demonstrate FldOps calibration (ESRL-PSD, SCWA, DWR)  
2. Extend FldOps application to include selected inflow scenarios for high- (e.g. 1964) and low-flow 

periods (e.g. 1977). (ESRL-PSD, SCWA, ACE, NWS)  
3. Provide training in the use of the FldOps model and provide to interested users. (ESRL-PSD, SCWA, 

NMFS, Scripps, NWS, ACE, USGS, DWR)  

Schedule:  

1. Near-term (1 – 2 years):  
a. Demonstrate FldOps  
b. Extend to include 1964 flood scenario 
c. Provide training and distribute to interested users. 

2. Mid-term (3 – 5 years):  
a. No mid-term applications of FldOps expected 

3. Long-term (>5 years):  
a. No long-term applications of FldOps expected 

Budget:   

Collaborators: ESRL-PSD, NMFS, USGS, SCWA, HEC, DWR, OHD, Scripps  

 

  

 
FldOps simulation model provides an 
easy to use capability to examine Lake 
Mendocino operations for various inflow 
scenarios. 
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Agent-Based Reservoir Operations Modeling 
This is a collaborative project between ESRL-PSD, USGS, 
SCWA, ACE, DWR, and NWS. The project intends to leverage 
off the reservoir operations work that the SCWA has been 
conducting with the HEC using the ResSim model in 
developing their revised Hydrologic Index approach to 
defining operations policies. The entire reservoir operations 
modeling considered herewith is anticipated to be 
coordinated and compatible with the ResSim work 
accomplished to date. 
 
An agent-based approach will be applied for learning 
optimal rules for FIRO that involve accounting for weather 
forecast-based anticipated runoff capture for balancing 
water supply, aquatic ecosystem preservation and flood 
control.  Several powerful machine learning tools have been 
successfully applied by these investigators to a wide range of water resource system operational 
problems, including reinforcement learning (Labadie and Rieker, 2012; Lee and Labadie, 2007), artificial 
neural networks (Darsono and Labadie, 2007), fuzzy rule-based models (Labadie and Wan, 2010), and 
evolutionary algorithms (Labadie, et al., 2012).  Machine learning, as a branch of artificial intelligence, 
focuses on development of specific algorithms that allow computerized agents to learn optimal 
behaviors through interaction with the environment as simulated by models such as HEC RESSIM.  This 
study will investigate the most appropriate approaches for effective FIRO under weather forecast 
uncertainty using an integration of the HEC-RESSIM with the optimization module. A decision support 
tool (DST) will be developed to support reservoir operations. The DST will incorporate the agent learning 
strategy described above and will be designed to maximize reliability and strengthen the ability to make 
objective, risk-based decisions. 
 Tasks:  

1. Coordinate with ResSim simulation model development (HEC, ESRL-PSD, SCWA) 
2. Establish agent-based computing scheme using ResSim (CSU, ESRL-PSD, HEC, SCWA, NMFS) 
3. Interface to ensembles of reservoir inflows (CSU, ESRL-PSD, CNRFC, Scripps)  
4. Conduct agent-based computer analyses that account for forecast uncertainty (CSU, ESRL-PSD, 

CNRFC, Scripps)   
5. Implement A-B reservoir operations model at Scripps (CSU, Scripps, ESRL-PSD) 
6. Coordinate with Risk-Benefit analysis tasks 
Schedule:  
1. Near-term (1 – 2 years):  

a. Coordinate with ResSim  
b. Establish agent-based computing scheme using ResSim 

2. Mid-term (3 – 5 years):  
a. Interface to ensembles of reservoir inflows Long-term:  
b. Conduct agent-based computer analyses 

Budget:   
Collaborators: CSU, ESRL-PSD, USGS, SCWA, HEC, DWR, NWS/OHD, Scripps 
 
  

 
Agent-based approach can be applied to 
identify optimal reservoir operations 
policies that emphasize multiple 
objectives for flood protection, water 
supply and environmental services. 

 

SIMULATED ENVIRONMENT 

(HEC-RESSIM) 
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Reservoir Operations Benefits Assessment  
This is a collaborative project between ESRL-PSD, NMFS, PPI, 
NOS, SCWA, USACE, DWR, and Scripps. Benefits of reservoir 
operations can be generally categorized into three accounts, 
1) flood damages avoided, 2) water supply, and 3) 
environmental services (including fisheries and recreation). 
NOAA’s Office of Program Planning and Integration (PPI; 
http://www.ppi.noaa.gov/economics/) and national Ocean 
Service (NOS Adkins) have staff who specialize benefits for 
ecosystem services, as well as other water resources 
purposes (Adkins). A recent report by ESRL-PSD (Johnson 
2014) has developed a regional accounting approach for the 
three categories and provides a reconnaissance-level 
characterization of benefits associated with advanced 
precipitation forecasts. This project will advance that work 
to provide a more solid basis for benefits accounting 
supportive to reservoir operations decisions. The approach will involve coordination with the reservoir 
operations tasks to obtain reservoir storage and river flow time series that can be related to the various 
benefits categories.  
 Tasks:  

1. Describe benefits to be monetized and existing sources of information. Identify approaches and 
methods that could be used to monetize benefits; design the benefits assessment methodology. 
(ESRL-PSD, NMFS, PPI, NOS, SCWA, USACE, HEC, Scripps) 

2. Establish operational constraints and criteria for storage levels and releases, and water supply and 
environmental targets. Collect additional data as appropriate. (ESRL-PSD, NMFS, PPI, NOS, SCWA, 
USACE, HEC, Scripps)  

3. Evaluate flood damage scenarios for reservoir release and tributary flood conditions using the HEC 
HEC-RAS model. Evaluate water supply and environmental services conditions for high and low flow 
conditions. (PPI, NOS, SCWA, USACE, HEC) 

4. Coordinate with reservoir operations simulation and optimization tasks to characterize benefits for 
the various “stress test” scenarios. (ESRL-PSD, NMFS, PPI, NOS, SCWA, USACE, HEC, Scripps)   

5. Conduct benefits assessment and communicate results. (PPI, NOS, ESRL-PSD, NMFS, SCWA, USACE, 
HEC, DWR, Scripps) 

Schedule:  
1. Near-term (1 – 2 years):  

a. Describe benefits and identify approaches for monetization.  
b. Establish operational constraints. Collect additional data to fill gaps. 
c. Evaluate flood damage scenarios using HEC-RAS. 

2. Mid-term (2 – 3 years):  
a. Coordinate with reservoir operations simulation and optimization tasks.  
b. Conduct benefits assessment. 

3. Long-term (>5 years):  
a. Provide benefits assessment tools for continuing analyses. 

Budget:  
Collaborators: ESRL-PSD, NMFS, PPI, NOS, SCWA, USACE, HEC, DWR, Scripps 

 
Stage-damage relations are influenced by 
flood warning lead times. Damages can 
be reduced with longer forecast lead 
times; these reduced damages are 
benefits.  

http://www.ppi.noaa.gov/economics/
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APPENDIX G: EVALUATING FISHERIES BENEFITS ASSOCIATED WITH 
FIRO  
Streamflow and water quality influences the distribution, abundance, and health of salmonids in river 
ecosystems.  Reduced reservoir storage and warming water temperatures from climate change are 
expected to reduce the remaining anadromous salmonid habitat below dams.  As is the case with Lake 
Mendocino, recent water storage issues have caused concerns regarding the reliability of providing 
suitable streamflow and associated water quality to important salmonid habitat downstream of the dam 
during the late summer and fall months.  Water quality characterizations can vary widely due to 
numerous parameters that can be used as indicators or descriptors.  For salmonids, the primary water 
quality parameters of interest as related to Lake Mendocino and FIRO are temperature, dissolved 
oxygen (DO), and turbidity.  Ensuring water storage reliability within Lake Mendocino to meet 
environmental flow compliance thresholds while achieving higher quality discharged water would prove 
FIRO as viable option to improve salmonid habitat conditions below Coyote Valley Dam.  Below is the 
following FIRO viability criteria for each of the four flow and water quality parameters described above: 

Dry season minimum streamflow requirements: 
Throughout California, water supply is highly limited during the summer and early fall.  In some years, 
competing interests for water supply during the dry season can cause adverse conditions for summer 
rearing steelhead and fall upstream migrating Chinook salmon downstream of Lake Mendocino.   Water 
conservation measures that contribute to elevated water storage in Lake Mendocino will provide 
greater water supply reliability for fisheries during the dry season.  To what extent will FIRO provide 
water supply certainty during the dry season so that allocated fisheries flows will be preserved; or at 
minimum provides operational flexibility (i.e., short term releases) that supports the upstream migration 
of adult Chinook salmon in the fall?  This could be measured by quantifying changes in storage with or 
without the implementation of FIRO.  

Water temperatures: 
Surface elevation and water storage volumes are important factors influencing the availability of cold 
water storage (hypolimnion) within reservoirs and subsequently the quantity and quality of salmonid 
habitat downstream influenced by discharge.  For example, in years where Lake Mendocino contains 
low water storage and the hypolimnion becomes severely depleted, the availability of summer rearing 
habitat for steelhead downstream can become a water temperature limited area.  Conversely, water 
conservation measures that increase the elevation and water storage volume of Lake Mendocino will 
increase the likelihood that water temperatures will remain good to excellent for summer rearing 
juvenile steelhead downstream.    Will FIRO result in elevated storage to the extent that a greater 
volume of cold water (<20°C) is available for downstream salmonids during late summer and fall 
months? This could be measured by comparing the volume of cold water within Lake Mendocino 
available for salmonids during select years and during the late summer and fall months with or without 
additional FIRO stored water. 

1) Dissolved oxygen: 

Surface elevation, water storage volumes and circulation are important factors influencing dissolved 
oxygen levels within Lake Mendocino and downstream of Coyote Valley Dam.  
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Will FIRO result in elevated storage scenarios that contribute to providing quality dissolved oxygen levels 
(>6.5 mg/L) within and below Coyote Dam? This could be measured by comparing the dissolved oxygen 
levels within Lake Mendocino and downstream of Coyote Valley Dam in select years during the summer 
and fall months with or without additional FIRO stored water. 

Turbidity: 
Chronic turbid flows released from Coyote Valley Dam are thought to impact salmonids and their habitat 
by prolonging high turbidity flows and increasing sedimentation of riffles and pools in areas below the 
confluence with the East Branch.  These post-storm prolonged releases lengthen the duration salmonids 
are exposed to high levels of turbidity that can reduce growth rate, delay migration, and cause 
displacement.  Additionally, ramping rates associated with flood control operations have likely 
exacerbated bank sloughing and channel incision between Ukiah and Hopland resulting in other sources 
of turbidity and suspended material. Can alternative ramping or discharge rate strategies aligned with 
FIRO objectives contribute to reducing prolonged chronic turbid flows released from Coyote Valley 
Dam? This could be evaluated by exploring sediment venting or sluicing in conjunction with high 
mainstem turbid flows or prior to the onset of heavy rains when flood evacuations are required. 

Ramping:  
Coyote Valley Dam operations are designed to reduce the magnitude of flood peaks in the mainstem 
Russian River downstream of the confluence with the East Branch.  The ramping rates associated with 
these operations are most likely to have impacts to salmonids within the five mile stream segment 
below the confluence of the East Branch.  Specific elements of the ramp-up and ramp-down procedures 
have different implications relative to potential impacts to salmonids.   

Ramp-up - Flood control operations affect the natural hydrology in the main stem river below Lake 
Mendocino by reducing the peak flood discharge and storing runoff and then releasing the storage 
between storms.  Post-storm ramp-up releases from the flood control pool typically extend the periods 
of high flows when they would be otherwise receding.  These potentially longer duration post-storm 
channel forming flows may impact salmonids by increasing salmonid redd scour and prolonging their 
exposure to higher than natural turbidity and velocity conditions. 

Can FIRO reduce the duration and frequency of ramp-up post-storm channel forming flows; 
subsequently, reducing potential impacts to salmonids from prolonged exposure to higher turbidity and 
velocity levels? This could be evaluated by testing the ability of FIRO to operate within the ramp-up 
criteria provided in the 2008 Russian River Biological Opinion (Appendix F; Table 1) or identifying other 
ramp-up alternatives that prove to be less impactful to salmonids. 

Ramp-down – Ramp-down of flood releases can strand juvenile salmonids on gravel bar surfaces and 
off-channel habitats by reducing river stage elevations too quickly for juvenile salmonids to follow the 
receding river elevation.  Stranding of juvenile salmonids and dewatering of redds are expected to be 
most problematic in the mainstem Russian River below Lake Mendocino approximately five miles 
downstream of the East Fork confluence.  Measures are in place to minimize these potential impacts to 
salmonids; however, investigations are underway that may indicate that stranding could be further 
minimized or avoided while maintaining flood control operations. 
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Will the implementation of FIRO reduce or exacerbate potential ramp-down impacts to salmonids? This 
could be evaluated by testing the current ramp-down criteria (Appendix F; Table 2 ) at specific locations 
or developing other  ramp-down procedures that prove to further minimize or avoid stranding and 
dewatering of salmonid redds (e.g., ‘natural hydrograph’ rate-of-change  and shear stress analyses, etc.). 

Current Fisheries Criteria Pertaining to FIRO 
In 2008, the National Marine Fisheries Service issued the Russian River Biological Opinion (RRBiOp) 
under the federal Endangered Species Act.   The RRBiOp includes Coyote Valley Dam flood and water 
supply operations and the potential of these actions to impact threatened CC Chinook salmon and CCC 
steelhead trout.  The three specific areas identified as potentially impacting ESA-listed salmonids in the 
RRBiOp associated with Coyote Valley Dam includes permanent changes to prescribed fisheries flows, 
ramping rates, and turbidity impacts. The current salmonid criteria related to each of these areas are as 
follows: 

1) Future Fisheries Flows: The Russian River Biological Opinion identifies the following flow ranges 
to be implemented with the anticipation that Lake Mendocino will have adequate storage to 
meet these objectives.  

Water year 
classification River reach Minimum flow 

requirement (cfs) Duration (date) 

 

Normal East Fork to Dry Creek 
125 to 185 June 1 - August 31 

125 to 150 September 1 - 
October 31 

 

Dry East Fork to Dry Creek 75 Year round 

    

Critically Dry East Fork to Dry Creek 25 Year round 

 

2) Current Ramping Requirements per the Russian River Biological Opinion:  

Table 1: Ramp-down criteria identified in the Russian River Biological Opinion (2008). 

Discharge (cfs) Max ramp-down (cfs/hr) 
 

0 - 250 25 
250 -1000 250 

>1000 1000 
 

Table 2: Ramp-up criteria identified in the Russian River Biological Opinion (2008). 

Discharge (cfs) Max ramp-up (cfs/hr) 
 

0 - 250 1000 
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250 -1000 1000 
>1000 2000 

1) CVD Scour Events: CVD scour events are considered the number of days CVD extends the 
duration of flows over 4200 cfs in the upper Russian River.  CVD scour event limitations are 
exceeded when: 

a. CVD extends the duration of scour events by more than 32 days or during more than 16 
storm events during the next fifteen years; or 

b. CVD in the any one year extends the duration of scour events on more than 5 storms in 
one year; or 

c. CVD in any one year extends the duration of scour events by more than 14 days in one 
year. 

 
2) CVD Sedimentation Events: CVD sedimentation events are considered the number of days CVD 

extends the duration of flows over 6000 cfs at Hopland (other than what would occur based on 
Russian River flows alone).  CVD sedimentation event limitations are exceeded when: 

a. CVD releases contribute to more than 31 days of flows > 6000 cfs at Hopland over the 
course of the next fifteen years; or 

b. CVD releases in any one year contribute to more than 16 days of flows > 6000 cfs at 
Hopland  

c. CVD releases in any one year contribute to flows > 6000 cfs at Hopland during more 
than 5 storms. 

 
3) Ramping Requirements: Undertake measures to ensure that harm and mortality to listed 

salmonids from ramping procedures at CVD are low. 
 

4) Turbidity Requirements: Undertake measures to assist NMFS in determining the amount of take 
resulting from turbidity releases at CVD.  

 
5) Temperature Requirements: Currently no temperature criteria exists for the upper Russian River 

or for cold water management in Lake Mendocino.   However, the benefit of conserving more 
water in Lake Mendocino is implied in the Russian River Biological opinion: “Main stem flow 
releases required to maintain current D1610 requirements cause the cold water pool in Lake 
Mendocino to become depleted by late August or early September, reducing the quality of 
rearing habitat in the upper main stem Russian River (p. 121)”.  Generally, keeping temperatures 
below 20 degrees Celsius within targeted summer steelhead rearing reaches.  

 
6) Dissolved Oxygen Requirements: Currently no dissolved oxygen criteria exists for the upper 

Russian River or at the outlet of Lake Mendocino. Generally, dissolved oxygen levels over >6 
mg/L are good for salmonids.  
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1.0 INTRODUCTION 

1.0.1 Purpose and scope of Communications Management Plan 
The purpose of this document is to define the communications goals and strategies of the Lake 
Mendocino Forecast Informed Reservoir Operations project. These high-level strategies and goals 
are intended to provide guidance in communicating with internal and external partners, and – 
where possible -- measuring results of communications efforts.  
The Lake Mendocino FIRO Communications Management Plan (CMP) defines the project’s 
structure and methods of information collection, screening, formatting, and distribution of 
project information.  The overall objective of the Communications Management Plan is to 
promote the success of the project by meeting the information needs of project stakeholders and 
outline the goals of the communications efforts to reach and inform each group. 

Without detailed plans for communications activities that identify the organizational, policy, and 
material resources needed to carry them out, it will be challenging to secure the support and to 
coordinate efforts of the Lake Mendocino FIRO project. 
 

1.0.2 Goals and strategies of the communications management plan 
The goals of the Lake Mendocino FIRO CMP are threefold: 

1. To ensure collaborative, consistent and effective communication among the FIRO Working 
Group; 

2. To provide timely information so that involved agencies can deploy the resources 
necessary to implement Lake Mendocino FIRO; and  

3. To engage and educate policy makers, funding institutions, the media and other 
interested parties on Lake Mendocino FIRO. 

This plan identifies the appropriate level of communication for each stakeholder group (working 
group, agencies and interested parties), what information should be distributed and the frequency 
of communications.  This plan also includes communication tools (email, face to face meetings, 
fact sheets, social media, etc). 
Lake Mendocino FIRO communications efforts should be based on this explicit, detailed 
Communications Management Plan, with a matrix of specific actions addressing communications 
needs of each stakeholder group.  Success for project communications should be measured 
against planned objectives and the communications manager/facilitator should provide regular 
updates to the Lake Mendocino FIRO Steering Committee on each objective. 
The intended audience of the Lake Mendocino FIRO CMP is the Steering Committee, Working 
Group, involved agencies and any other stakeholders whose support is needed to carry out the 
project. 

STAKEHOLDER IDENTIFICATION AND ANALYSIS 
1.0.3 Stakeholders and Goals 

Project Communications are Lake Mendocino FIRO’s primary tool for promoting cooperation, 
participation, coordination and an understanding of acceptance between all stakeholders.  The 
project has four primary stakeholder groups and has specific communications goals for each.  

Stakeholder Group 1 – Steering Committee and Working Group 

The Working Group is comprised of representatives from multiple agencies, including US Army 
Corps of Engineers (USACE), several divisions of the National Oceanic and Atmospheric 
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Administration (NOAA), US Geological Survey (USGS), Bureau of Reclamation (BOR), California 
Department of Water Resources DWR), the Center for Western Water and Weather Extremes at 
Scripps Institution of Oceanography- UC San Diego (C3WE), Sonoma County Water Agency 
(Water Agency), and Mendocino County Flood Control and Water Conservation Improvement 
District (Mendocino Food Control). The Steering Committee includes representatives from these 
organizations and is supported by staff of the Water Agency, Eastern Research Group (ERG) and 
Ford Consulting. 
The Working Group is an information-sharing venue for FIRO activities and projects, resolves key 
issues, and makes broad policy decisions about implementation. The Steering Committee makes 
day-to-day decisions, shepherds the project implementation and provides a forum for updates 
on FIRO-related activities. 
Goals:   

• Ensure Steering Committee members have the information needed to make timely, 
informed decisions about Work Plan implementation. 

• Promote ongoing Working Group participation and engagement. 
• Increase opportunities for information sharing and cross-agency cooperation among all 

participants on FIRO-related project, activities, actions and policies. 
Objectives:   

• Create a platform for document exchange and editing by August 1, 2015. 
• Ensure Working Group members are informed and updated on a regular (quarterly) 

basis. 
• Leverage Working Group members as advocates for building agency understanding and 

awareness of Lake Mendocino FIRO Work Plan and project. 
• Develop a process for informing all participants about upcoming meetings on Capitol Hill 

and with the Administration on FIRO-related projects. 
Stakeholder Group Two -- Agencies 

The Lake Mendocino FIRO project grew out of the federal Integrated Water Resources Science 
and Services (IWRSS) initiative and includes federal agencies (listed above) that are actively 
engaged in water resource issues. DWR is the California agency with responsibility for 
forecasting and multiple flood and water supply issues. CW3E is embedded in Scripps Center at 
UC San Diego and is working on cutting edge research. The Water Agency partners with all of 
the agencies on a variety of forecasting and water supply projects, including NOAA’s Russian 
River Watershed Habitat Blueprint and National Integrated Drought Information System (NIDIS). 
With the weight of all these agencies behind it, Lake Mendocino FIRO has a high opportunity for 
success. However, these agencies have multiple divisions and goals and face funding constraints, 
making it challenging to get the attention and support of key internal policymakers. 
Goals:   

• Ensure that agencies continue to work together on Lake Mendocino FIRO. 
• Inform and secure commitment from key internal policy makers to support Lake 

Mendocino FIRO. 
Objectives:  

• The leadership of all participating agencies are briefed about the Lake Mendocino FIRO 
Work Plan by November 1, 2015. 

• All FIRO agencies commit to participate in the project by October 1, 2016, with 
appropriate resources, program management, and policies to support their 
participation. 

• Develop communications messages, materials and activities that respond to the needs 
of the agencies. 
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Stakeholder Group 3 – Policymakers, including Congressional and California legislative members and 
staff of relevant appropriations, authorizing, and oversight committees. 

Congressional and California legislative members and staff have the ability to bring attention 
and funding to Lake Mendocino FIRO through committee hearings, appropriations and policy 
initiatives. These external stakeholders are confronted with multiple interest groups and 
projects daily, and need succinct, consistent and frequent communications to understand the 
benefits of Lake Mendocino FIRO. 
Goal:   

• Inform North Coast congressional and legislative members and staff and key committee 
staff on the need for Lake Mendocino FIRO, its scope, and progress of implementation. 

Objectives:   
• Create a sense of urgency for timely development and implementation. 
• Report progress to the congressional, legislative and allied stakeholders on a regular 

basis. 
 

Stakeholder Group 4 – Media and informed interest groups, including water, flood control and 
sanitation agencies/districts with problems similar to Lake Mendocino or that would benefit from 
FIRO tools or processes, agriculture (wine grape growers), and environmental advocates. 

Industry media and general media can bring attention to the project and educate policymakers 
and others about its benefits. Media are both looking for interesting stories and beset by 
continual deadlines and demands, so the Lake Mendocino FIRO project must be described in a 
way that is compelling – and succinct. 
 
Other western reservoirs face challenges similar to Lake Mendocino, and these water/flood 
managers could benefit from the information gleaned from and the processes used for Lake 
Mendocino FIRO. Likewise, many California water, flood control and sanitation districts could 
benefit from improved forecasting tools implemented for the project. These agencies could 
become allies, if provided persuasive information about the project and its shared benefits. 
 
Wine grape growers in the upper Russian River watershed could benefit from this project if it 
improved the reliability of Lake Mendocino and resulted in more reliable summer releases into 
the Russian River. People who are concerned about the health of Russian River fish and habitat 
would likely support the project if it preserved a cold water pool in the lake and resulted in more 
reliable summer releases. 
Goals: 

• Identify reservoirs with challenges similar to Lake Mendocino and inform relevant water 
supply and flood control agencies of Lake Mendocino FIRO, its scope and progress. 

• Identify North Coast and Bay Area water resource agencies that could benefit from the 
information developed in support of Lake Mendocino FIRO, and inform them of the 
project, its scope and progress. 

• Educate organizations concerned about the health of the Russian River and salmonid 
populations and upper Russian River farmers about Lake Mendocino FIRO, its scope and 
progress. 

Objectives: 
• Leverage stakeholders as providers of strategic direction and advocates for funding, 

public understanding, and public support. 
• Report progress on a regular basis. 
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Table H.1 COMMUNICATION GOALS/OBJECTIVES & ASSIGNMENTS 

Name Title Stakeholder 
Group 

Communications Vehicle Comments 

Arleen 
O’Donnell 

ERG 1 SC Agenda email To be sent out 1 week 
prior to meetings 

Arleen 
O’Donnell 

ERG 1 SC Notes email To be distributed 
within 1 week of 
meetings 

Jay Jasperse SCWA 1 Co-Chair SC 
meetings 

Conference 
call 

Monthly 

Marty Ralph CW3E 1 Co-Chair SC 
meetings 

Conference 
call 

Monthly 

Ann DuBay 
Marty Ralph 

SCWA 1, 2, 3 Quarterly 
newsletter  

email Distributed to all WG 
members and elected. 
First one due 11/1/15. 

Cary Talbot  1 Develop a platform 
for document 
exchange and 
editing 

Web-based All SC and WG 
members have access 

Jay Jasperse, 
Marty Ralph 

 2, 3 Work Plan Hard copy, 
web 

Distribute to key 
agency and legislative 
staff, 8/1/15 

Jay Jasperse, 
Marty Ralph 

SCWA, 
CW3E 

2 Signatory Letter 
signed by head of all 
agencies 

Hard copy, 
web 

10/1/16 Illustrates 
commitment to FIRO 

Donna Boero ERG 2,3,4 Distribution list spreadsheet Update as needed 
Ann DuBay SCWA 2,3,4 Fact sheets Hard copy, 

web 
Review & update 
semi-annually. 
Distribute to SC & WG 

Ann DuBay SCWA, 
CW3E 

3 Meetings with 
North Coast reps, 
staff, committee 
staff 

In person Organize SC, WG 
members to attend 
meetings, with agency 
representation 

SC ERG 4 Meetings with 
water districts, 
reservoir operators 

In person ID similar scenarios; 
organize SC, WG 
members to attend 
meetings 
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COMMUNICATIONS VEHICLES 
1.0.4 Communications Action Matrix for project milestones 

Lake Mendocino FIRO project milestones for Years 1-3 include: 
• Completion of Work Plan 
• Completion of Viability Assessment 
• Commitment Letter Signed by All Agencies 
• Press Event Releasing Viability Assessment & Commitment Letter 

A communications action matrix helps ensure that these milestone documents are completed on 
time, don’t sit unopened on desks, reach the right people, and don’t create confusion. The matrix 
includes the owner responsible for communications products and activities for each project 
milestone (the person who will shepherd the vehicle through the process); a list of key messages 
and benefits statements, with an assigned message “owner” as a central point of contact; and a 
process for vetting communications messages and products. 
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Table H.2 COMMUNICATIONS ACTION MATRIX FOR MILESTONES 

Vehicle Target Description 
Purpose 

Frequency Owner Distribution 
Vehicle 

Comments 

WORK PLAN All 
Stakeholders  

Provides 
justification 
for LM FIRO; 
project 
needs; and 
plan 

One time 
release 

Jay 
Jasperse, 
Marty 
Ralph 

Email, web, 
hard copies 
with cover 
letter 

Release 
on 8/1/15 
with 
cover 
letter 

WORK PLAN 
FACT SHEET 

2, 3 Provides 
succinct 
explanation 
of LM FIRO 
and work 
plan with 
next steps 

One time 
release 

Arleen 
O’Donnell 

Share draft 
with SC and 
WG for 1 
round of 
comments 
via email. 
Share final 
draft with 
SC via email. 

Release 
on 8/1/15 
with 
Work 
Plan 

QUARTERLY 
NEWSLETTER 

All 
Stakeholders 

Provides 
succinct, 
graphic 
update of 
progress, 
projects 

Quarterly Ann 
DuBay, 
Marty 
Ralph 

Email 11/1/15 

VIABILITY 
ASSESSMENT 

All 
Stakeholders 

Determines if 
LM FIRO is 
viable, and 
specific 
tasks/projects 
& budget 
needed to 
implement 

One time 
release 

Jay 
Jasperse, 
Marty 
Ralph 

Email, web, 
hard copies 
with cover 
letter 

Release 
on 
10/1/16 

MOU or MOA All 
Stakeholders 

MOU or MOA 
that signifies 
commitment 
of all agencies 
to LM FIRO 

One time 
release 

Mike 
Dillabough 

Share draft 
with SC and 
WG. Share 
final draft 
with SC for 
distribu-tion 
to key 
agency staff 
for final 
edits. 

Release 
on 1/1/16 

PRESS EVENT All 
stakeholders 

Formal 
release of 
Viability 
Assessment. 
Purpose is to 
inform & 
educate. 

One time 
event 

Ann DuBay Draft 
agenda with 
SC via 
phone. 
Share with 
WG via 
email. 

10/1/16 
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Table H.3 PROJECT MEETINGS AND RESPONSIBILTY 

 

Meeting Description 
Purpose 

Frequency Owner Internal/ 
External 

Comments/ 
Participants 

SC calls Communication of 
project progress 
and deliverable 
status 

Monthly Arleen 
O’Donnell 

Internal Donna Boero will 
schedule 

WG calls Communication of 
project progress 
and status 

Quarterly Arleen 
O’Donnell 

Internal Donna Boero will 
schedule 

SC face to 
face 

Complete major 
components of VA; 
strategic decision 
making on budget; 
progress; timeline 

Semi-annually Arleen 
O’Donnell 

Internal Donna Boero will 
schedule. Most 
likely January, 
2016. 

WG 
workshop 

Complete VA; Share 
information; 
develop next steps 

Annually Arleen 
O’Donnell 

Internal Need to 
determine 
convenient 
location; timing 
most likely 
August 2016 

Electeds Educate on LM 
FIRO; provide 
progress updates 

Annually Ann DuBay External SC & WG 
members will be 
included 

Selected 
interested 
parties 

Educate on LM 
FIRO; provide 
updates; discuss 
mutual interests 

As needed Ann DuBay External Will work with SC 
and WG to 
determine 
contacts and 
develop meeting 
schedule 
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