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Atmospheric Rivers, Major Flooding, and the
100Year Flood Concept
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Talk Overview

A Atmospheric Rivers (ARs) and California Water

A Components of Major Floods from ARs to Snow to
Runoff

A The 106year Flood Statistical Estimates
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Atmospheric Rivers (ARS)

A Fist identified in 1998 with new satellite technology

A Hundreds of miles wide; thousands of miles long; ho
90% of the water vapor moves through atmosphere Ir
10% of the area

A Interact with winter storms to cause heavy rains/snow
In Californiad key to water supply and flooding
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Characterizing an Atmospheric River

A How much water vapor moving in atmospheric river
(Integrated Vapor Transport or IVT)

A Durationd how long is the atmospheric river overhead
for a watershed

A Freezing Elevatiohwhere rain turns to snow
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Corringham Ralph, Gershunov, Cayan and Talbot, Sci. Advances (2019

ARs drive flood damages in the western U.S.

Proportion of Insured Losses Due to ARs
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Components of a Major Flood

A Prior conditions in watershed including snow
Large atmospheric river or multiple atmospheric rivers

A
(called atmospheric river families)

A Timing, pace and scale of storms impact the timing

A

pace and scale of runoff
Observations and forecasts play key roles in managin

flood response
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Sizing a Flood with Statistics

A The 106year flood is really a flood that is estimated to
have a 1% chance of being equaled or exceeded in a
given year

A Sized based on the statistics of the largest independe
flows in a given year for as many years as data Is
available
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The 100Year Flood

A The 1006year flood is a flow peak or volume of water (
threshold) that has a 1% chance of being equaled or
exceeded In any given yeatr.

A Itis a threshold based on historical events to guide
engineering design

A Federal guidelines outline methodologies called Bulle
17 (currently on Bulletin 17c)
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Scenarios and Systematic Evaluations

A 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 requirement

A Scenarios use a real or constructed event to evaluate
how system and response functions handle that even
ARkStormis a scenario.
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Summaryo Key Points

A Atmospheric Rivers (ARs) are key to floods and water upply
timing, pace, and scale determine benefit versus hazard.

A Observations and forecasts key to maximizing benefits and
minimizing hazard of AR driven floods.

A Flood evaluations use systematic evaluation of historical statisti
(100year flood) as well as scenario evARk3torn).
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USACE AUTHORITY FOR FLOOD OPS

'
(Pup. Law 634.] 4

A SECtIOn 7 Of the FIOOd ContrOI ACt Of of the electric facilities of the projects) of the cost of producing and

lran_sn;l_llmg such clllcclncdcncrgy, including the ag;orn/.a}uc?nrof the

capilal investment allocated to power over a reasonable period of vears.

1944 (58 Stat 890’ 33 U SC 709) PrngFCllCC in the sale of such pgwcr and cnergy shall bcpgivcn to public

badies and cooperatives. The Secretary of the Interior 1s authorized,

from funds to be appropriated by the Congress. Lo construct or acquire,

A . by purchase or other agreement, only such transmission lines and

Prescribe flood control rules and related facilities as may be necessary in order to make the power

. . 1qud en'erg_v gc;ngeratccil at said p{;lbjects u.vatlal:ile mn \lx;hplesale quantlmes

. or sale on fair and reasonable terms and conditions to facilities

regulations for all reservoirs where: owned by the Federal Government, public bodies, cooperatives, and

: ' privately owned companies. moneys received from such sales

Flood control is an authorized purpose shall be deposited in the Treasury of the United States as miscellancous
. : receipts.

Reservoir was constructed using Federal funds Src. 6. That the Secretary of War is authorized to make contracts

with States. municipalitics, private concerns. or individuals, at such

- prices and on such terms as he may deem reasonable. for domestic

and industnal uses for surplus water that may be available at any reser-

voir under the control of the War Department: Provided. That no

contracts for such water shall adversely affect then existing lawful

uses of such water. All moneys received from such contracts shall be

deposited in the Treasury of the United States as miscellancous

Sic. 7. Hercafter, it shall be the duty of the Sceretary of War to
prescribe regulations for the use of storage allocated for flood control
or navigation at all reservoirs constructed wholly or in part with
Federal funds provided on the basis of such purposes, and the oper-
ation of any such project shall be 1n accordance with such regulations :
Provided, That this section shall not apply to the Tennessee Valley
Authority. except that in case of danger from floods on the Lower
Ohio and Mississippi. Rivers the Tennessce Valley Authority is
dirccted to regulate the release of water from the Tennessce River into
the Ohio River in accordance with such mstructions as may be 1ssued
by thc War Dcpartment.




Usace wm activities i Oroville dam

Photo By Hans Marsen
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KOversee flood operations

AEstablish operating rules for flood
control

AJpdate water control manuals
Mrepare deviation packages



RESERVOIR OPERATING ZONES

Simplified picture of Oroville Dam-Lake

Top of Dam

Simplified Water Control Diagram for Oroville Dam-

Lake

Surcharge Pool (Dam Safety)

Emergency Spillway Release

Gated Spillway Crest

Flood Control
Pool

Water Conservation Pool
(hydropower, water

supply, environmental,
recreation)

Note: NOT TO SCALE

Diagram

Flood Control (ac-
ft)
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*Varies based on wetness parameter
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Oroville dam i d/s objective flows
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Oroville dam i d/s objective flows
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Oroville dam i d/s considerations

Le
Chrowille
78,500
L-::-i!a'-:wm'-;:lm e
Creek . Oroville  Oroville NeweBullards Bar
Dratn Hasarvair
St Sutter
= Butte Canal
2 ) Headgate
3
b
:E:- 23 000 e
o Creer
..E
=
Butte Slough & Englebright Reservoir
Duttall Gate o River
- q:.»:ﬂ
sville WPRR
. Intercepting
ok Canal
Mile 13
4;.{ .It I:.I-‘:'.i-
Melzon Bend
T Em-r 5 dﬁﬁmkﬁrew
' Ciapeal

Source: California Department of Water Resources State Plan of Flood Control Descriptive Document

21


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

USE OF DIAGRAM

1. Parameters are computed daily from the weighted accumulation of seasonal
FEBRUARY MARCH APRIL MAY JUNE basin mean precipitation by multiplying the preceding day's parameter

BEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY
3538 by 0.97 and adding the current day's precipitation in inches.

8 10 1S 20 28 5 10 15 20 28 S 10 Is 20 23 5 10 15 20 25 8 10 15 20 2% S 10 1S 20 23 S 10 1S 20 25 S 10 1S 20 23 S 10 18 20 28 8 10 18 20 2%

1 g 1051 sl

2. Except when releases are governed by the emergency spillway release
diagram currently in force (File No. ‘-13—586!. water stored in the
flood control reservation, defined hereon, shall be released as
rapidly as possible, subject to the following conditions:

H i

a. That releases are made according to the release schedule
hereon.

3438 b. That flows in Feather River above Yubs River do not exceed
180,000 c.f.s.

¢. That flows in Feather River below Yuba River do not exceed
300,000 c.f.s.

d. That flows in Feather River below Bear River do no® exceed
320,000 c.f.s. insofar as possitle.

-

200
3338 e. That releases are not increased more than 10,000 c.f.s. or

decreased more than 5,000 c.f.s. in any 2 hour period.
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CALIFORNIA DEPARTMENT OF WATER RESOURCES

Role of Oroville Dam in Flood Management

T ™

April 22, 2022
DFW”E%@%G CALIFORNIA DEPARTMENT OF JOhn Yarbrough

) WATER RESOURCES Assistant Deputy Director- State Water Project



Flood Management from Dams

Flood Space or Reservation

OFD 0o
BOX#22

OROVILLE DAM AND RESERVOIR

Feather River, California

REPORT ON RESERVOIR REGULATION
FOR FLOOD CONTROL

- e mS We o me e e e e o e e e e e e

— \ Inflow
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Flood Operations at Oroville

500,000

400,000

300,000

FLOW
(cfs)

200,000

100,000

1955

CALIFORNIA DEPARTMENT OF

) WATER RESOURCES

1964

Pre-Oroville | INFLOW
Dam 440,000 cfs Actual Flood Reduction and Avoidance of Loss of
i Life and Damage over the Last 50 years
- December 1955
Feather River
20,000 cf IEFie:,
’ A INFLOW 302,000 cfs : _
38 lives lost in 266,000 cfs 190,000 cfs
Yuba City Area 250,000 cfs
203,000 cfs | @ ﬂ ﬂ
| OUTFLOW OUTFLOW OUTFLOW OUTFLOW
150,000 cfs 5,00 cfs 150,000 cfs 100,000 cfs|
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DWR Inspections

A DWR Bi-annual Levee Inspections

A Annual Inspection of:
AStructures, Pumping Plants, Channels

A Utility Inspections

A Annual Designated Floodway Inspection
A Flood Fight Training And Response

A High Water Staking

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
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Bi-Annual Levee Inspections

A Levee Inspections Performed Spring And Fall

Figure F-1: Vegetation Management for Existing Levees with a Long Waterside Slope

pe Trees trimmed 5' above ground LONG WATERSIDE SLOPE
level and thinned plus brush and 0920 wm lope length below hinge:
n weeds trimmed, thinned or 0es trimmed 5’ above ground level
l \I nSpeCted I Or e o ” 04y Croum chor w meapmoms and weeds
" ¥ v s, 54 nnmed MWMM for visibiity
by < P o 3 [& <12
. . ¢ o =X s ¥ — Ground cover < 12° high
AErosion P
'ﬁ%,—
;(\
r Mhﬁ%""&‘ \\\
3 T~ Channel
ACracking -

AAnimal Burrowing Activity
ASloughing Or Instability
ATrash And Debris
AVegetation, Etc.

AReports Provided To Local Maintaining Agencies,
The CVFPB And The USACE



Utility Inspections

A Pipes Through The Levees
A Every 5-years
A External Inspections
A ldentify And Report
ABroken
ASeverely Corroded

AMissing/Broken Closure Devices
ALeaks Causing Erosion

T

A Reports Provided To Local Maintaining Agencies,
The CVFPB And The USACE

30



Designhated Floodway Inspections

A Aerial Imagery Review Of Delineated
Sections Of Floodways

A Identifies Unauthorized Encroachments
A Reported To The CVFPB

A Helps To Reduce Impact To Capacity Of
he Floodway

31



Flood Fight Training And Response

A Inspectors Teach Flood Fight Skills And
Techniques

A Classes Provided Upon Request

A During A Flood Fight, Our Specialists
Provide Technical Support When
Reguested

A Advanced Flood Fight measures

82



High Water Staking

A Survey Of High-water Marks
Throughout The Affected River

A Can Be Used To Update Existing
Models Or Validate New Models

A FPIAS Can Perform High Water Staking
Jpon Request

A Feather River High Water Surveyed
after 2017
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Oroville Dam Citizens Advisory Commission:

Flood Safety WorkshopApril 22, 2022

FEMA Floodplain Mapping

A Risk MAP Discovery and Resiliency Planning
A Acquisition of New Topographic Data

A New Hazard Studies & Flood Map Revisions
A Questions & 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)

e -
& FEMA x il e


https://msc.fema.gov/nfhl
mailto:FEMA-FMIX@fema.dhs.gov

FEMA Steps & Engagement Process

& FEMA

”,
"Si CommumcAT

RiskMAP Project Lifecycle

Data and
Product
Development

Preliminary
NFIP Map
Release

Planning for
Mitigation
Action

Project
Planning

Discovery Awareness

Flood Risk Project Production and Mapping Activities

36

Due
Process

®

FIS and
FIRM
Delivery

RiskVMIAP

Increasing Resilience Together
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Considerations for Safe and
Reliable Flood Management In
face of Climate Change

Dr. R. Storesund, PE., GE,
OESOdziA PS 5ANBOG2NE '/ . SN}yStSeqQa /Syids

April 22 2022
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About Rune

A Dual Degree Program UC Santa Cruz/UC Berkeley
I BA Anthropology (UC Santa Cruz)

I BS Civil Engineering (UC Berkeley)

Masters in Geotechnical Engineering (UC Berkeley)
Doctorate in Civil Systems (UC Berkeley)
OESQOdzi A @S S5ANBOG2NE !/ . SN)StSeqa /SyidSN -
Consulting Engineer, Storesund Consulting

President & CEO, NextGen Mapping, Inc. (Software Development)

President & CEO, Storesund Construction, Inc. (Class A,/B, C

President & Director, Safé RNon-Profit)
Adjunct Professor, Memorial University of Newfoundland

ASCE

AMERICAN SOCIETY OF CIVIL ENGINEERS

REGION 9

T T T To T>o T> T Io

@

2

&(*% * Storcsund

— Consulting

Stlience - Re\‘\a‘ﬂ"\'\yd

StoresundConstruction

Berkeley
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My Disaster Research

1986 NASA Challenger

2003 NASA Columbia

2005 Hurricane Katrina

2010 San Bruno PGE Explosion

2010 Deepwater Horizon

2014 Oso Landslide (WA State)

2015 Aliso Canyon Gas Leak

2017 Oroville Dam Spillway Failure
2017 US Navy Ship Collisions

2018 California Wildfires (Butte County)
2019 Brumadinho Landslide

2019 Boeing 737 MAX

2020 Michigan Dam Failures

2021 Surfside Condo Collapse

2018 to ??? Millennium Tower (ongoing)

To o To To Io Po Do Do Do Io Io Do Do Do I»

Berkeley
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Intriguing Terms

A Extreme Eventd period of record; confidence interval?
A RiskdwhatisthePf? and Cf ? wedre talking about?

A Residual Riskd what have we/have we not looked at?

My research finds there is no shared understanding or communication of
these termsémean different things to diff

For 1 nfrastructur e, my first question 1 s
do?60 Turns out, systems are rarely Oover

They tend towhal mi ngdo 0unde

Berkeley
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High Reliability Organizations (HROs)
A Have a clear and explicit concept of orel

consistently across the organization

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

Recognize and wutilize oOouncertaintyo as a
Use Oprecur sor ¢ onddreductomap@oaches pr oactive r
Embrace and support oOoReliability Professi

Exhibit a strategic degree of organizational flexibility

o o o o I»

Are constantly on the lookout for errors

Berkeley
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Strengthening the Safety Culture

D e e pwate r H O rl Z O n Offshore Oil ;fr:;ec?s Industr |

Organizational Safety Culture Traits
Inquiring attitude
Hazard identification and risk management

Leadership commitment to safety values and
actions

Effective safety and environmental communication
Respectful work environment
Environment of raising concerr
Personal accountability
Work processes
Continuous improvement

To To To Do Do To  To Do I»
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Risk Management Frameworks

(3) Regulation
Avoiding Past Mistakes

(2) Prevention Through People
Leveraging Employees on FrontLines to Reduce Ris

(1) Integrity Management
Explicitly Identifying What is Acceptable/Unacceptable Performance
oSafe = é&.60

Berkeley
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Event Types

Knowable Unknowable
at NRPOol O0Af¢ %ggsyuxzy
Preventable O(t2aa7\(')7\ YAK t182LF §¢
¢t2RII&Qa ¢€2 zaHH

Risk Transfer

Unpreventable Risk Acceptance Mindfulness

Berkeley
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Risk Management and Socio  -Technical
Systems

: : (T s RISK
Risk Management in s?mcr_vnor/ ASSESSMENT vaﬁc;;wr!

systems designed,
operated, and
managed by people.

SUBJECTIVE PROBABILITY AND COGNITIVE PROCES SES 209
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g q

E
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—— o1
- \ niﬂm‘ﬂi "1 oot
C\ bias range
L 0.001

: 3
i (f }-’ d/\' /\ 4
I )
A E 0.0001 &J, 4
? %
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0.000001

actual error frequency

subjective probability of error

FIGURE 5-3. Overconfidence bias and calibration.

Source: Experimental data from Fischhoff, et al., 1977.
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Investment Decisions

Lack of considering total (lifeycle) costs

A Best Quality
-€ >

G MRS T /'
& NG H RS NE /4 /
O /
O RS 2

/ Total Costs - \
P
RRER A -7 Initial Costs
Future Costs e an RIS | NF
g ,)__,__-f’"‘w __________________ ac RS NE
>

Overemphasis on minimizing

System Qualit
short-term cost!! y Q y

Berkeley
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NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: CA

Data description

Data type: | Precipitation depth

v| units: [English v| Time series type: [ Partial duration v |

Select location

1) Manually:
a) By location (decimal degrees, use " for S and W):  Latitude: [ ] Longitude: )| Submit |
b) By station (list of CA stations): | OROVILLE (04-6521) v
©) By address | [ Q]

2) Use map (if ESRI interactive map is not loading, try adding the host: htps:/fs.arcgis.com! to the firewall, or contact us at hdsc.questions@noaa gov)

a
! Bm Ho o] S
a B9 @ R
Bg? e
a [oe] * w a ;ﬂ m parsoll City

100km

60mi

Precipitation depth (in)

UNIVERSITY OF CALIFORNIA

Berkeley

EE— CR
[Map — v]| = q a) Select location
Terrain i g H alifornia m B Move crosshair or double click
B g &8 a o] (5] b) Click on station icon
B g E a® Show stations on map

Location information:
Name: Oroville, California, USA*
Station name: OROVILLE

Site ID: 04-6521
Latitude: 39.5178°
Longitude: -121.5531°
Elevation: 171 ft
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Failure is Time-Dependent




