
Flood Safety Stakeholder 
Technical Workshop

Friday April 22, 2022







Meeting Facilitation



C A L I F O R N I A  D E P A R T M E N T  O F  W A T E R  

R E S O U R C E S

OCAC Meeting, April 25, 2022

C A L I F O R N I A  D E P A R T M E N T  O F  W A T E R  

R E S O U R C E S

Dr. Michael L. Anderson, State Climatologist

Atmospheric Rivers, Major Flooding, and the

100-Year Flood Concept



Talk Overview

Å Atmospheric Rivers (ARs) and California Water

Å Components of  Major Floods from ARs to Snow to 

Runoff

Å The 100-year Flood ðStatistical Estimates



Atmospheric Rivers (ARs)
Å Fist identified in 1998 with new satellite technology 

Å Hundreds of  miles wide; thousands of  miles long; how 

90% of  the water vapor moves through atmosphere in 

10% of  the area

Å Interact with winter storms to cause heavy rains/snow 

in California ðkey to water supply and flooding



Characterizing an Atmospheric River

Å How much water vapor moving in atmospheric river 

(Integrated Vapor Transport or IVT)

Å Duration ðhow long is the atmospheric river overhead 

for a watershed

Å Freezing Elevation ðwhere rain turns to snow
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Components of  a Major Flood

Å Prior conditions in watershed including snow

Å Large atmospheric river or multiple atmospheric rivers  

(called atmospheric river families)

Å Timing, pace and scale of  storms impact the timing 

pace and scale of  runoff

Å Observations and forecasts play key roles in managing 

flood response



Sizing a Flood with Statistics

Å The 100-year flood is really a flood that is estimated to 

have a 1% chance of  being equaled or exceeded in any 

given year

Å Sized based on the statistics of  the largest independent 

flows in a given year for as many years as data is 

available



The 100-Year Flood

Å The 100-year flood is a flow peak or volume of  water (a 

threshold) that has a 1% chance of  being equaled or 

exceeded in any given year.

Å It is a threshold based on historical events to guide 

engineering design

Å Federal guidelines outline methodologies called Bulletin 

17 (currently on Bulletin 17c)



Scenarios and Systematic Evaluations
Å Systematic Evaluations use statistical methods for 

different size floods to establish the threshold of  

performance of  a system to determine a level of  

protection to meet regulatory or statutory requirements.

Å Scenarios use a real or constructed event to evaluate 

how system and response functions handle that event.  

ARkStormis a scenario.



Summary ðKey Points

Å Atmospheric Rivers (ARs) are key to floods and water supply ð

timing, pace, and scale determine benefit versus hazard.

Å Observations and forecasts key to maximizing benefits and 

minimizing hazard of  AR driven floods.

Å Flood evaluations use systematic evaluation of  historical statistics 

(100-year flood) as well as scenario events (ARkStorm).



Q&A
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USACE AUTHORITY FOR FLOOD OPS

ÅSection 7 of the Flood Control Act of 

1944 (58 Stat. 890, 33 U.S.C. 709)

ÅPrescribe flood control rules and 

regulations for all reservoirs where:
Flood control is an authorized purpose

Reservoir was constructed using Federal funds
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ÅOversee flood operations

ÅEstablish operating rules for flood 

control

ÅUpdate water control manuals

ÅPrepare deviation packages 

Usace wm activities ïOroville dam
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Emergency Spillway Release 

Diagram
Surcharge Pool (Dam Safety)

Flood Control 

Pool

Water Conservation Pool 

(hydropower, water 

supply, environmental, 

recreation)

Outlet

Top of Dam

Flood Control (ac-

ft)

Note: NOT TO SCALE *Varies based on wetness parameter

Gated Spillway Crest 

RESERVOIR OPERATING ZONES
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180,000 cfs

Feather River between Honcut Creek and Yuba River confluence (RM 

32.25)

Oroville dam ïd/s objective flows
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Feather River between Yuba River confluence and Bear River confluence (RM 25.0)

300,000 cfs

Oroville dam ïd/s objective flows
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Source: California Department of Water Resources State Plan of Flood Control Descriptive Document

Oroville dam ïd/s considerations

http://www.cvfpb.ca.gov/CVFPP/05_CVFPP-SPFC-DD-11212.pdf
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Oroville dam-lake wcd



Q&A



C A L I F O R N I A  D E P A R T M E N T  O F  W A T E R  R E S O U R C E S

Role of Oroville Dam in Flood Management

April 22, 2022

John Yarbrough

Assistant Deputy Director- State Water Project
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Flood Management from Dams
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Flood Operations at Oroville



Q&A



DWR Inspections

ÁDWR Bi-annual Levee Inspections

ÁAnnual Inspection of: 

ÁStructures, Pumping Plants, Channels

ÁUtility Inspections

ÁAnnual Designated Floodway Inspection

ÁFlood Fight Training And Response

ÁHigh Water Staking
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Bi-Annual Levee Inspections

ÁLevee Inspections Performed Spring And Fall

ÁInspected For:

ÁErosion

ÁCracking

ÁAnimal Burrowing Activity

ÁSloughing Or Instability

ÁTrash And Debris

ÁVegetation, Etc.

ÁReports Provided To Local Maintaining Agencies, 

The CVFPB And The USACE
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Utility Inspections

ÁPipes Through The Levees

ÁEvery 5-years 

ÁExternal Inspections

Á Identify And Report

ÁBroken

ÁSeverely Corroded

ÁMissing/Broken Closure Devices

ÁLeaks Causing Erosion

ÁReports Provided To Local Maintaining Agencies, 

The CVFPB And The USACE
30



Designated Floodway Inspections

ÁAerial Imagery Review Of Delineated 

Sections Of Floodways

Á Identifies Unauthorized Encroachments 

ÁReported To The CVFPB

ÁHelps To Reduce Impact To Capacity Of     

The Floodway
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Flood Fight Training And Response

Á Inspectors Teach Flood Fight Skills And 

Techniques

ÁClasses Provided Upon Request

ÁDuring A Flood Fight, Our Specialists  

Provide Technical Support When 

Requested 

ÁAdvanced Flood Fight measures
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High Water Staking

ÁSurvey Of High-water Marks 

Throughout The Affected River 

ÁCan Be Used To  Update Existing                               

Models Or Validate New Models

Á FPIAS Can Perform High Water Staking 

Upon Request

Á Feather River High Water Surveyed  

after 2017
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Q&A
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Oroville Dam Citizens Advisory Commission: 
Flood Safety Workshop ςApril 22, 2022

FEMA Floodplain Mapping
ÁRisk MAP Discovery and Resiliency Planning

ÁAcquisition of New Topographic Data

ÁNew Hazard Studies & Flood Map Revisions

ÁQuestions & Answers

https://msc.fema.gov/nfhl (National Flood Hazard Layer)

FEMA Mapping & Insurance eXchange (FMIX)

FEMA-FMIX@fema.dhs.gov

1-877-336-2627 or live chat (6am to 2pm PT)

https://msc.fema.gov/nfhl
mailto:FEMA-FMIX@fema.dhs.gov
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FEMA Steps & Engagement Process



Q&A
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Considerations for Safe and 
Reliable Flood Management in 
face of Climate Change

Dr. R. Storesund, PE., GE, 

9ȄŜŎǳǘƛǾŜ 5ƛǊŜŎǘƻǊΣ ¦/ .ŜǊƪŜƭŜȅΩǎ /ŜƴǘŜǊ ŦƻǊ /ŀǘŀǎǘǊƻǇƘƛŎ wƛǎƪ aŀƴŀƎŜƳŜƴǘ

April 22 2022



About Rune
Å Dual Degree Program UC Santa Cruz/UC Berkeley
ïBA Anthropology (UC Santa Cruz)
ïBS Civil Engineering (UC Berkeley)

Å Masters in Geotechnical Engineering (UC Berkeley)
Å Doctorate in Civil Systems (UC Berkeley)

Å 9ȄŜŎǳǘƛǾŜ 5ƛǊŜŎǘƻǊΣ ¦/ .ŜǊƪŜƭŜȅΩǎ /ŜƴǘŜǊ ŦƻǊ /ŀǘŀǎǘǊƻǇƘƛŎ wƛǎƪ aŀƴŀƎŜƳŜƴǘ
Å Consulting Engineer, Storesund Consulting
Å President & CEO, NextGen Mapping, Inc. (Software Development)
Å President & CEO, Storesund Construction, Inc. (Class A, B, C-57)
Å President & Director, SafeR3 (Non-Profit)
Å Adjunct Professor, Memorial University of Newfoundland



My Disaster Research
Å 1986 NASA Challenger 

Å 2003 NASA Columbia

Å 2005 Hurricane Katrina

Å 2010 San Bruno PGE Explosion

Å 2010 Deepwater Horizon

Å 2014 Oso Landslide (WA State)

Å 2015 Aliso Canyon Gas Leak 

Å 2017 Oroville Dam Spillway Failure

Å 2017 US Navy Ship Collisions

Å 2018 California Wildfires (Butte County)

Å 2019 Brumadinho Landslide

Å 2019 Boeing 737 MAX

Å 2020 Michigan Dam Failures

Å 2021 Surfside Condo Collapse

Å 2018 to ??? Millennium Tower (ongoing)



Intriguing Terms

Å Extreme Event ðperiod of record; confidence interval?

Å Risk ðwhat is the Pf? and Cf? weõre talking about?

Å Residual Risk ðwhat have we/have we not looked at?

My research finds there is no shared understanding or communication of 

these termsêmean different things to different people.

For infrastructure, my first question is always òwhat was it supposed to 

do?ó  Turns out, systems are rarely ôoverwhelmedõê.

They tend to fail in ôunder-whelmingõ 

conditions



What is ñSafeò?



High Reliability Organizations (HROs)

Å Have a clear and explicit concept of òreliabilityó that is shared 
consistently across the organization

Å Highly integrated reliability and safety -minded organizational 
culture (widely held assumptions, attitudes, values, and practices)

Å Recognize and utilize òuncertaintyó as a formal resource

Å Use ôprecursor conditionsõ as proactive risk-reduction approaches

Å Embrace and support òReliability Professionalsó

Å Exhibit a strategic degree of organizational flexibility

Å Are constantly on the lookout for errors



Deepwater Horizon

Organizational Safety Culture Traits

Å Inquiring attitude 

Å Hazard identification and risk management

Å Leadership commitment to safety values and 
actions

Å Effective safety and environmental communication

Å Respectful work environment

Å Environment of raising concerns

Å Personal accountability

ÅWork processes

Å Continuous improvement



Risk Management Frameworks

(1) Integrity Management

(3) Regulation

(2) Prevention Through People

Avoiding Past Mistakes

Leveraging Employees on Front-Lines to Reduce Risk

Explicitly Identifying What is Acceptable/Unacceptable Performance

òSafe = ê.ó



Event Types

Knowable Unknowable

Preventable

Unpreventable

άtǊƻōŀōƛƭƛǘƛŜǎέ
άtƻǎǎƛōƛƭƛǘƛŜǎέ

¢ƻŘŀȅΩǎ CƻŎǳǎΗΗ

άtǊŜǾŜƴǘƛƻƴ 
¢ƘǊƻǳƎƘ tŜƻǇƭŜέ

Mindfulness
Risk Transfer

Risk Acceptance



Risk Management and Socio -Technical 
Systems 

Risk Management in 

systems designed, 

operated, and 

managed by people.



Investment Decisions

Over-emphasis on minimizing 
short-term cost!!

Lack of considering total (life-cycle) costs

άмлл-ȅŜŀǊέ

άплл-ȅŜŀǊέ

άслл-ȅŜŀǊέ

άнлл-ȅŜŀǊέ





Failure is Time-Dependent


