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Talk Overview

* Atmospheric Rivers (ARs) and California Water

* Components of Major Floods from ARs to Snow to
Runoft

* 'The 100-year Flood — Statistical Estimates
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Atmospheric Rivers (ARs)

* Fistidentified in 1998 with new satellite technology

* Hundreds of miles wide; thousands of miles long; how
90% ot the water vapor moves through atmosphere in
10% ot the area

* Interact with winter storms to cause heavy rains/snow
in California — key to water supply and tlooding
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Characterizing an Atmospheric River

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

* Duration — how long is the atmospheric river overhead
for a watershed

* Freezing Elevation — where rain turns to snow
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ARs drive flood damages in the western U.S.
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Components of a Major Flood

* Prior conditions in watershed including snow

* Large atmospheric river or multiple atmospheric rivers
(called atmospheric river families)

* Timing, pace and scale of storms impact the timing
pace and scale of runoft

* Observations and forecasts play key roles in managing
flood response
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Sizing a Flood with Statistics

* 'The 100-year flood 1s really a flood that is estimated to
have a 19 chance of being equaled or exceeded in any
given year

* Sized based on the statistics of the largest independent

flows in a given year for as many years as data is
available
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The 100-Year Flood

* 'The 100-year tlood 1s a flow peak or volume of water (a
threshold) that has a 1% chance of being equaled or
exceeded in any given year.

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

* Federal guidelines outline methodologies called Bulletin
17 (currently on Bulletin 17¢)
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Scenarios and Systematic Evaluations

* 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.
* Scenarios use a real or constructed event to evaluate
how system and response functions handle that event.

ARkStorm is a scenario.
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Summary — Key Points

Atmospheric Rivers (ARs) are key to tloods and water supply —
timing, pace, and scale determine benefit versus hazard.

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

Flood evaluations use systematic evaluation of historical statistics
(100-year tlood) as well as scenario events (ARkStorm).
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USACE AUTHORITY FOR FLOOD OPS

'
(Pup. Law 634.] 4

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




17

Usace wm activities — Oroville dam

*Oversee flood operations

Establish operating rules for flood
control

Update water control manuals
*Prepare deviation packages

Photo By Hans Marsen




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)

Se
s ot
ch 7s

*Varies based on wetness parameter

See
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Oroville dam — d/s objective flows
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Oroville dam — d/s objective flows
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Oroville dam — d/s considerations
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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
' AUGUST IS70
= Hydrog raph
@
— J DEPARTMENT OF THE ARMY
m SACRAMENTO DISTRICT. CORPS OF ENGINEERS
‘; Qutflow SACRAMEINO,
o 2 “*»»-», Hydrograph
s 158% - —

k‘

\\\




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

DWR Bi-annual Levee Inspections

Annual Inspection of:
= Structures, Pumping Plants, Channels

Utility Inspections

Annual Desighated Floodway Inspection
Flood Fight Training And Response
High Water Staking

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
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Bi-Annual Levee Inspections

» |evee Inspections Performed Spring And Fall

Figure F-1: Vegetation Management for Existing Levees with a Long Waterside Slope
Trees trimmed 5 above ground LONG WATERSIDE SLOPE

A level and thinned phus brush and o,zo .,.,m lope length below hinge
. weeds trimmed, thinned o _— 0es trimmed 5' above ground level
v _. b o ey o w medphsbms and weeds
= SH ; kit nmm mmama visibiity
! 4 g3 7% <17
> ) " i R G 512
Pakd - » ’\
¢ R T % Ground cover < 12° high
s ML 0 N 2 ¢ /--
o i .. o8 5 - b

= Erosion

» Cracking

= Animal Burrowing Activity
= Sloughing Or Instability

* Trash And Debris

» \Vegetation, Etc.

» Reports Provided To Local Maintaining Agencies,
The CVFPB And The USACE
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Utility Inspections

= Pipes Through The Levees
= Every 5-years

= External Inspections

* |dentify And Report
= Broken
= Severely Corroded
» Missing/Broken Closure Devices
» Leaks Causing Erosion

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

30



Designhated Floodway Inspections

Aerial Imagery Review Of Delineated
Sections Of Floodways

ldentifies Unauthorized Encroachments
Reported To The CVFPB

Helps To Reduce Impact To Capacity Of
he Floodway

31



Flood Fight Training And Response

= |nspectors Teach Flood Fight Skills And
Techniques

= Classes Provided Upon Request

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

= Advanced Flood Fight measures

82



High Water Staking

= Survey Of High-water Marks
Throughout The Affected River

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

= FPIAS Can Perform High Water Staking
Jpon Request

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

Flood Safety Workshop — April 22, 2022

& FEMA

FEMA Floodplain Mapping

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

= New Hazard Studies & Flood Map Revisions
= 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)

35

Risk MIAP
Increasing Resilience Together


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

FEMA Steps & Engagement Process

& FEMA

”,
"Si CommumcAT

RiskMAP Project Lifecycle

_ Data and : Preliminary ~ Planning for
: Risk g Due FIS and
PFI);(r?r?iCnt Discovery Product Awareness ~ NFIPMap — Mitigation B FIRM
g Development Release Action Delivery

Flood Risk Project Production and Mapping Activities

RiskVMIAP

Increasing Resilience Together

36
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Considerations for Safe and
Reliable Flood Management in
face of Climate Change

Dr. R. Storesund, PE., GE,
Executive Director, UC Berkeley’s Center for Catastrophic Risk Management

April 22 2022

Berkeley

UNIVERSITY OF CALIFORNIA



About Rune

* Dual Degree Program UC Santa Cruz/UC Berkeley
— BA Anthropology (UC Santa Cruz)
— BS Civil Engineering (UC Berkeley)
 Masters in Geotechnical Engineering (UC Berkeley)
e Doctorate in Civil Systems (UC Berkeley)

ASCE

AMERICAN SOCIETY OF CIVIL ENGINEERS

REGION 9

* Executive Director, UC Berkeley’s Center for Catastrophic Risk Management
* Consulting Engineer, Storesund Consulting

 President & CEO, NextGen Mapping, Inc. (Software Development)
 President & CEO, Storesund Construction, Inc. (Class A, B, C-57)

* President & Director, SafeR3 (Non-Profit)

e Adjunct Professor, Memorial University of Newfoundland

S <,

«*% * Storcsund

— Consulting

R
Stlience o ReWd®

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)

Berkeley

UNIVERSITY OF CALIFORNIA



Intriguing Terms

« Extreme Event — period of record; confidence interval?
« Risk —what is the Pf? and Cf? we're talking about?

 Residual Risk — what have we/have we not looked at?

My research finds there is no shared understanding or communication of
these terms...mean different things to different people.

For infrastructure, my first question is always “what was it supposed to
do?” Turns out, systems are rarely ‘overwhelmed'....

They tend to fail in ‘under-whelming’

Berkeley

UNIVERSITY OF CALIFORNIA



What is “Sate”?




High Reliability Organizations (HROs)

« Have a clear and explicit concept of “reliability” that is shared
consistently across the organization

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

« Recognize and utilize “uncertainty” as a formal resource

« Use ‘precursor conditions’ as proactive risk-reduction approaches
« Embrace and support “Reliability Professionals”

« Exhibit a strategic degree of organizational flexibility

« Are constantly on the lookout for errors

Berkeley

UNIVERSITY OF CALIFORNIA




Strengthening the Safety Culture
of the

D e epwater H O riZ O n Offshore Oil and Gz-xs Industr |

Organizational Safety Culture Traits
* Inquiring attitude
* Hazard identification and risk management

e Leadership commitment to safety values and
actions

e Effective safety and environmental communication
e Respectful work environment

* Environment of raising concerns
e Personal accountability

* Work processes
Continuous improvement

Berkeley

UNIVERSITY OF CALIFORNIA



Risk Management Frameworks

(3) Regulation
Avoiding Past Mistakes

(2) Prevention Through People

Leveraging Employees on Front-Lines to Reduce Risk

(1) Integrity Management
Explicitly Identifying What is Acceptable/Unacceptable Performance
“Safe = ...

Berkeley

UNIVERSITY OF CALIFORNIA




Event Types

Knowable Unknowable

“Probabilities”

e “Prevention
Preventable Possibilities

Through People”
Today’s Focus!!

Risk Transfer

i Mindfulness
Unpreventable Risk Acceptance

Berkeley

UNIVERSITY OF CALIFORNIA




Risk Management and Socio-Technical
Systems

. : K RISK RISK l
Risk Management (n s?mcr_vnor/ h ASSESSMENT WANAGEMENT

systems designed,
operated, and
managed by people.

SUBJECTIVE PROBABILITY AND COGNITIVE PROCES SES 209

0.000001 0.00001  0.0001 0.001 0.01 0.1 1
1

,,.—-«——-4»/’? !t J{ [ o
\ ﬂ“-ﬂ“‘mﬂﬂi = 0.01

>

% fid bias range E

& E
11 :

b L 0.001
2 :

i \ F

[}

2 = 0.0001
E

- w L 0.00001
subjactive 3 frequency —

0.000001

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 (life-cycle) costs

A Best Quality
< >
“100-year’ /J
G \\\llzoo_year" / Y,
O /
O . )
/ Total Costs _ \
- _
-‘\\'\.., -~ g
Future Costs e “400-year” — — Initial Costs
S — — - —*>"* - T e “600-year”
>

Over-emphasis 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

40
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24min — Z-day

10-min — J-day

15-min - A-gay

J0-min — T-day
— GO-min — 10-day
— 2r — 20-day
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— Br — 45-day
— 12-hr —_ G0-day
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24 HR Prean _
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i
200

Average recurrence interval (years)
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Failure is Time-Dependent

FAILURE RATE

Berkeley

UNIVERSITY OF CALIFORNIA

DECREASING
FAILURE RATE

“CONSTANT"” INCREASING
FAILURE RATE FAILURE RATE

"Constant" Failure Rate

|
Few (if any) Risk Analyses identify time
at which failure rated increase

|

Most Risk Analyses Characterize the | \
|
|

l Observed Failure

Rate

TIME



Traditional Risk

—-

Analysis (TRA)
RISK = Pf x Cf 8
Lo‘ad Resist;ance Force, stress =
(demand) (capacity)

Pf = Probability of Failure

Cf = Consequence of Failure 3 T NG

-
o

-
o
&

-
(=]
&

unacceptable

Frequently, ‘Demand’ and ‘Capacity’

ALAR

-
o
&

Frequency of idents with N or more fataliti
| e L

Probability of at least N fatalities
=

distributions are ‘imagined’ by “Subject g heciiy _|
Matter Experts” rather than by data or I | o

actual system configuration | ’ |

100 101 102 103 Ll | ISRV (I —

Number of prompt fatalities, N Number of Fatalities, N

Berkeley
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Statistics vs. Probability

Berkeley

UNIVERSITY OF CALIFORNIA

Stage (ft)

10.0 6,220
8.7 5,530
-_
9.4 4,880
L] L]
Statistics
9.1 4,240
Past, Recorded Data
8.8 3,660 §
n
8.5 3,040 ."-l":
B.2 “\M 2,480
7.9 1,880
ﬁ
7.6 1,370
» L
s Probability -
L

. Future, Predicted

Wied Thu Fri Sat Sun haon Twe Wed Thu Fri Sat

Jul 29 Jul 30 Jul 31 Aug 01 Aug02  AugD3  AugO4  Aug05  Augls  AugO7  AugOs

Sam Sam Sam Sam Sam Sam Sam Sam Sam Sam Sam

FDT PDT FDT FDT FOT PDT PDT FOT FOT FDT POT

Pacific Local Time

Observed * Fomecast » Guidance =
Created: D8/03/2020 at 916 AMPDT (KLMC1 Forecast Run Time = 14412Z)

California Department of Water Re sources
MOAA / WWS / California Mevada River Forecast Center



Possible future sea levels for different greenhouse gas pathways

2.5 Extreme
w FUTURE - JUDGEMENT
g 2.0
E g PAST - STATISTICS — "
% :
a 10
& tide-gauge o
£ 05 observations— med
3 \ Low
5 0 \ - 2000 sea level
K —
(&

'0.5 | ! 1 1 | 1

1800 1850 1900 1950 2000 2050 2100

year

IN THIS CASE, THE PAST IS LIKLEY NOT A PERFECT PREDICTOR OF THE FUTURE

Berkeley
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Limited “Imagination” for Scenarios

Failure Scenarios

Credible
m Non-Credible

m Unrecognized & Credible (Not Considered)

Berkeley

UNIVERSITY OF CALIFORNIA



Consequences of Failure (Cf)

Less Uncertainty More Uncertainty
> Tradiiiion?I Unfolding Events
= Quantitative
B Risk Analysis
9 NEED DIFFERENT
& S PROBABILITIES CRISIS TOOLS/METHODS/
E § Well-Structured STRATEGIES FOR
% Well-Defined EACH REGION!
L Bounded ~ BOX || BOX 2
; BOX 3| BOX 4
E 2 Anticipated Events Unanticipated
o = Unfolding
a. E ”Earthquakesﬂ Events
c
S50 . SURPRISES
y 1,000 year storm
§ llI-Structured
Un-Defined
POSSIBILITIES Un-Bounded
Funetresund Dg.PE. GE. Augst 2016 NOTE, THESE REGIONS ARE NOT DISCRETE,

BUT VERY FLUID AND TIME-DEPENDENT!!

Berkeley
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Consequences of Failure (Cf)

; Traditional “Risk” & Crisis
o (Box 1 & Box 2)
“Residual Risk”

Possible “Risk”
(Box 3)

Ber

UNIVERSITY O




Uncertainties

Probability, Statistics, and Reliability for Engineers and Scientists 7

| Ignorance |
| |

h 4
[ Conscious Ignorance | [ Blind Ignorance |
[ I

g } g ¥ '
[Inconsistency| |Incompleteness | [Fallacy | [ Unknowable | | Irrele\'/ancew
I |

2 - . .
[ Confusion_| rlnacc'uracyj —_Unknowns [Untopicality | |Undeci'dability|
[Conflict] [ Uncertainty | | Absénce] U_aéil
[

-~

’ .
| Approxi'mations | [ Likelihood | [Ambiguity |
1 [

{— v y v 3
[Vagueness] [Coarseness | [Simplifications] | [ Nonspecificity | | Unspecificity |

3 Y
[Randomness| | Sampling |

FIGURE 1-2 Ignorance types.

Berkeley
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Crisp/EXERCISE

llMess”

Berkeley

UNIVERSITY OF CALIFORNIA




Problem “Crispness”

Crisp “Messy”
EXERCISES PROBLEMS MESSES
* *
*Slirouucr':(j(::d *Establish base assumptions *UUnr;tt):uucr':Sf:d
% .
*Well-Defined Questions to be answered *Ill-Defined

*Abstracted from messes
*Well-Specified
*|dentify plausible "Rules"
*Requires Effective Communication

*Heuristics (judgment)
*No established "Rules"
*Strong Stakeholder Disagreement

*Existing Algorithms
*Estabslished "Rules"
*All stakeholders in strong

agreement *Ineffective Communication
Quantitative Qualitative lll-defined

Type I- - Type IlI-"Possibilities"

Analytic Type ll-Crisis Type IV-"Unexpected"

Berkeley

UNIVERSITY OF CALIFORNIA




Consequences of Failure (Cf)

; Traditional “Risk” & Crisis
3 (Box 1 &Box 2)
“Residual Risk”

Ber

UNIVERSITY O




Consequences of Failure (Cf)

Failure Scenarios

Less Uncertainty More Uncertainty
Iraditional “Risk” & Crisis
P T'aditr"“nr"l Unfolding Events
€ Quantitative
k] Risk Analysis ( B
g oX 0X
I+
— [
c o
e &
g &
3
E BOX || E
X 30X
s T
- BOX 3| BOX 4
&
'g E‘ Anticipated Events v 1"‘1('?“‘ d
| £ Unfolding
£ £ Events
g
[=4
=]
IS
S
=
I

“Residual Risk” e

m Unrecognized & Credible (Not Considered)

Believed Credible

Possible “Risk”
(Box 3)

Believed Non-Credible

Unimagined “Risk”
(Box 4)

Lack of
Imagination




Failure Scenarios

OfEAd
Tl
[m] s =

55

...to address the weather whiplash that we're now experiencing. To
address the extremes that we're experiencing for the first time in our
lives. The fact that this facility shutdown last August, that never

happened before, just never happened before, it was imagined,

but we never thought it would be realized in our lifetime.
It happened and the prospect that will happen again or very real

particularly because we had the driest January the driest February and
driest March in California history...

https://youtu.be/8YolbqOxKHI?t=507

Berkeley

UNIVERSITY OF CALIFORNIA



Confronting Belief

Strategies/Tools

QoK R | . '
e fier]  lmied] |+ Integrity Management

* Prevention Through People

« Enhanced Regulation

* Uncertainty as a Resource

 Safety Culture Principles

« HRO Principles

 Life-Cycle Management

« Total Cost Analysis

* Embracing ‘extreme’
thinking

* Crisp Communication

(Safe = ?77)

Berkeley

UNIVERSITY OF CALIFORNIA



Consequences of Failure (Cf)

CONVENTIONAL
- Less Uncertainty More Uncertainty B LEVERAGE PEOPLE (H Ro) &
A A BUILD ORGANIZATIONAL

| g E g E | cAPABILITIES ACROSS

e A. oy “reliability”

F e UNCERTRINT YIDOIAING
g || C G F (BOXES'P24)
@ ]
5 - B.  Highly integrated reliability and safety-minded
ks D D G organizational culture (widely held
s - . assumptions, attitudes, values, and practices)
)
E > A A E C. Recognize and utilize “uncertainty” as a formal
s = B F B resource
} S D. Use ‘precursor conditions’ as proactive risk-

E C F C F reduction approaches

e}

= D G G E.  Embrace and support “Reliability Professionals”

: F.  Exhibit a strategic degree of organizational
flexibility

Rune Storesund, D.Eng., PE., G.E, August 2016

G.  Are constantly on the lookout for errors

Berkeley

UNIVERSITY OF CALIFORNIA




MAPPING

SCRaM - Crowdsource Tool

Berkeley
TFS Online Survey

Login

Home / Account /' Create Scenario

Create Scenario

Step 1

[J Allow =haring for this scenario?

Step 2

What type of disruption are you going to experience?

Select w

Berkeley

UNIVERSITY OF CALIFORNIA

Step 3

Select boxes in the chart below to represent your range of consequences and likelinoods.

Consequence (Exposure)

None Minor Moderate Serious Catastrophic

Expected

Wery Likely

Likely

Medium Likely

Unlikely

Wery Unlikely

Unexpected




+ " Dam Breach Inundation Map Web Publisher

5 ch
2 mesdsisE ey oo CIEEIETENEY
e 7 )
Bt 52

Elevated Releases Study

1997 Oroville Evacuation

@ ~165,000 cfs
ELEVATED OROVILLE DAM RELEASES

A

'd
VERY LIKELY 150,0 200,000 300,000 400,000 500,000 625,000 VERY UNLIKELY

I cfs cfs cfs cfs cfs cfs I

Drought/Water Shortage Earthquake > Mw 7.0

Floods (Localized
Stormwater)

Severe Weather
Extreme Heat
Freeze/Winter Storm

Wildfires

Full Dam Failure
Volcano

“Ark Storm”

Knowable Unknowable

“Probabilities”
“Possibilities”

“Prevention

Preventable Through People”

Today’s Focus!!

Risk Transfer

UNIVERSITY OF CALIFORNIA j Unpreventable Risk Acceptance Mindfulness _




32 years ago, 300,000 people flattened the Golden
Gate Bridge

Exic Ting, SFGATE
May 25, 2019 | Updated May 25, 20191234 pm

ANTICIPATED
80,000

ACTUAL
800,000

Dr. Rune Storesund, D.E.ng. PE., G.E.

Executive Director

Center for Catastrophic Risk Management (CCRM)
University of California, Berkeley

Berkﬁlﬁy rune@berkeley.edu

UNIVERSITY OF CALIFORNIA


https://www.sfgate.com/local/article/Golden-Gate-bridge-walk-1987-anniversary-disaster-13896571.php#photo-8690881

Q&A
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...the protection of life and property...




Weather Forecast Office

@ Weather Forecast Distribution - NWS Sacramento Sacramento, CA

Friday, April 22

*Partner Email — 3-5 days out — approaching impactful weather

® Watch - Strong possiblility of event to occur in next
12 - 48 hours. Occurrence, location, and /or timing is still uncertain

® Warning —Imminent or Occurring — Life threatening
®*Serious, Long or Short Duration Events
® EAS and WEA messages

® Advisory — Non life threatening, significant weather
events
® May become life threatening if precautions are not taken

® Statements - Follow up/continuation products o
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US National
Weather Service
Sacramento
California

o

@NWS Sacramento il Liked ~

X\ Following ~  # Share

€ Send Message

Official Twitter account for the National Weather Service Sacramento.

Weather Forecast Office
Sacramento, CA

Friday, April 22

@NWSSacramento

Details: weather.gov/twitter
Sacramento, CA - weather.gov/Sacramento

Joined Jun 2012

an 26 7m0 1 a0s

\$): NATIONAL WEATHER SERVICE

PAST WEATHER SAFETY

A

HOME FORECAST INFORMATION EDUCATION NEWS SEARCH ABOUT

Local forecast by
City, St* or ZIP vode News Headlines

= Winter 2022 NorCal Climate Summary

Location Help

NWS Forecast Office Sacramento, CA

Weather gov » Sacramento, CA

Sacramento, CA

Customize: Weather Forecast Office

Current Hazards ~ Current Conditions  Radar  Forecasts  Rivers and Lakes  Climate and Past Weather  Local Programs

Unsettled Late Week

VALLEY AND FOOTHILLS

= Widespread showers possible
= Uncertainty on timing and
amounts

Tuesday Highs

ter Your City, ST or
P Code

Get Weather

NWs Sa;:ramento

RAIN AND SNOW MID TO LATE WEEK

Late Wednesday April 13 - Saturday April 16, 2022

MOUNTAINS

» Snow showers with several
inches of snow possible
« Lighter snow possible Friday

* Snow levels 3500-5000 ft

weather.gov/sacramento

Soclal Media

Facebook: NWSSacramento
Twitter: @NWSSacramento

EAS

WEA

National Weather Service

National Oceanic and Atmospheric Administration

Significant Rain and Snow this Weekend into Early Next Week

KEY POINTS

« Periods of moderate to locally heavy rain could cause small stream and urban flooding
« Possible debris and ash flows on recently burned areas
« Breezy winds Sunday
« Winter Storm Watch in effect Sunday evening into Tuesday
CHANGES FROM PREVIOUS BRIEFING

* Winter Storm Watch issued for Sunday night into early Tuesday
 Flood Watch in effect from Late Saturday night through Sunday

WEATHER RISK OUTLOOK

Risk levels incorporate potential impacts from weather hazards and likelihood of occurrence.

Fri10/22 Sat 10/23 Sun 10/24 Mon 10/25 Tue 10/26 Wed 10/27
Rain/Debri Rain/Wind/Debri
Mountains Rain/Debris alo Rain/Wind/Debris R Rain

Flows

Flows

Weather Forecast Office
Sacramento
Friday, Oct 22, 2021

Thu 10/28

Partner Emails

71



Weather Forecast Office

Sacramento, CA
Friday, April 22

05 hiﬂtacksonl Klamath I Lake | Harne y ‘Malheur
o

R - e 10 NWS Offices -
1T e (NWS Sacramento)
P ) e I - Watch Warning Program
= - Multiple Aspects of Weather
" = - EM Interface
T o = Public Interface
i - 24x7
Y o
N T CA-NV River Forecast Center
- te - Hydrologic expertise
e = Mainstem Rivers
e ——_ - Reservoirs

- Snowpack/water supply
...the protection of life and property...

72



NEATH S

'~ 2
< o”
= m
ch
- <
\’A' 5\

Vo

Observation

CNRFC - Deterministic River Forecasts

Daily RFC
Forecasting

Networks

Mean Areal

CHPS
Hydrologic
Models

Current Basin Conditions

Weather Forecast Office
Sacramento, CA
Friday, April 22

Forecast lssuance: 5/20/05 7:31AM FDT

100 1.00
£ os0 080 &
- =
T 060 080
= =
+ 040 040 &
2= il bl 3
000l I---Illl I II 0.00
14.0 12700
132 1320
124 10040
16 8800 o
g g
£ 108 7660 =
w 7]
o =]
g 100 6600 %
g
92 5500 =
84 4640
76 3760
68 2050
6.0 2230

1507a 1607a 17.07a 18.07a 1907a 2007a 2107a 2207a 2307a 2407a 2507a

Pacific Local Time (Day.Hour)

b d— Forecast —

Gmphic Genemted 08/20/2008 at O7:32 AM PDT

— Flood 10.0 -

MNext Forecast Issuance: 5/21/05 200 AM PDT

Callfornla Deparimeni of Waler Resources
Callfornla Mevada River Forecasi Cenler (CNRFC) , WS / NOAA
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Weather Forecast Office
Sacramento, CA

Friday, April 22

NATIONAL WEATHER SERVICE

HOME FORECAST

Local forecast b :
e News Headlines

= Winter 2022 NorCal Climate Summary.

NWS Forecast Office Sacramento, CA

eather.gov > Sacramento, CA

PAST WEATHER SAFETY INFORMATION EDUCATION NEWS SEARCH

| weather.gov/sacramento

Sacramento, CA
Weather Forecast Office

Click a location below for detailed forecast.

ter Your City, ST or
IP Code

Red Bluff | *

corning quincy
. )
Get Weather Alder springse” ¥ A1 Small Craft Advisory,
e + 0 Reno
ort Bragg Loroville Spe N
Statement

ackson
wurphys

About | Contact | Current Conditions
Department of Water Resources

CALIFORNIA DATA EXCHANZZ Ol

HOME | QUERY TOOLS | PRECIPITATIC { | RIVER FORECAST | \'IVER STAGES | RESERVOIRS | SNOW | STATIONS

S

California Data Exchange Center - River Forecast
RIVER FORECAST BULLETINS RIVER FORECAST GUIDANCE

Delta Tide Forecast Bulletin River Stage Guidance Plots

Upper Sacramento River System NV alifomia-Nevada River Forecast Center

Lower Sacramento River System River Guidance Points Forecast Specified Stage Definitions
San Joaquin River System

North Coast River System TIDE FORECASTS

Russian/itapa River Syslom Sacramento River Tide Table: Latest Yr 2022 (PDF.

Central Coast River System 341KB) | Previous UPDATED

Southem fomia River System San Joaquin River Tide Table: Latest Yr 2022 (PDF:

&
sLakeport Aubum south Lake Tehee || Hazardous
Paint Arena LA e QOutlook
wocdland {"*"”
ramefito

ther

Veather

WEATHER

@jg\ CALIFORNIA NEVADA RIVER FORECAST CENTER

LINKS SEARCH ABOUT US

HOME HYDROLOGY WEATHER CLIMATE RESEARCH /OUTREACH

NOAA / NWS News and Local CNRFC Information

2022 Tide Tables Available - The 2022 tide tables are now available on our river forecast page.

Local forecast by
“"City. St" or ZIP Code

Location Help CNRFC Daily Briefing - View a graphical summary of current & forecast weather & hydrologic conditions. Updated by 10 AM PT.

DUELIVLSESAll River Guidance (Flood Forecast) Points Are Currently and Forecast to Remain Below Critical Stages  [NeL VI8

RecentlyIssued CNRFC Text Products: [ Texs Product Descripsicm (ID) ate/Time Issued to Web ;]

Home Page Version: neractve op | Loy (QEEIIEIED (o]
B Sl LB LU DEL Boundary [\* States I!’ Basins IT Counties I\’ Lakes ]\7 WFOs ]—

CIRi ) Nat! O A 2021 s 2020 mm 2019 wem 201 R
Irs I Rwersl NatIParksl Burn Areas 2021 w2 012 018 IDetermmlstlcForecasts

Markers: 100 E Show only critical stages (fcst plS.O"'
Data updated: Tue Apr 1

Forecast Points

M PDT
[ Other Points

Medf P o Ensemble Forecasts
i ) y Data updated: Tus Agr 122022 07:35 AV PDT
® o° [7) Ensembie Ponts

° Peak Exceedance Probabilities*®
Data updated: Tue Agr 12 2022 02:27 AMPDT
10% 25% 50% 75% ©80%

5-Day Feak [ [ [

S\ A °

10-Day Paak O [ [

(o) [
] "Exceedance probatilities are only availatle for selscted
Carson City Nevada | forecast peints.

Observed Data

o D (
f‘ éacramenm‘ \

(5] Data updated: Tue Agr 12 2022 09:55 AMPDT
.' ° Show only critical stages (app! st pts only) [
_an Fra g‘ \ Latest 1Hr 2Hrs 3Hrs
\ @ % Hour Ago Ago Ago
.S:‘ 3 Riitornfa - 13 Forecast Points [ O O O
&) Fresno, |~ | Other Points O O O O
8 ! Reservoirs O O O O
— { ] Las Vegas
L5 \ ) < 7
o Deterministic Forecast + Observed Data
(o] ) Fest data updated: Tus Apr 122022 10:1Z AMFDT
Obs data updated: Tus Apr 12 2022 02:53 AM FDT
o Forecast Points Snow cnly critical stages [
° o Linkto O observed ® forecast

LatestHour 1HrAgo 2HrsAgo 2HrsAgo
O C O O

%“ Los Angeles

8 Significant River Flood Outlook
= i Data updated: Mon Apr 11 2022 11:00 AM PDT
an Die;
g._'r:;u.‘..a Jextiall Valid: 04/11/2022 - 04/18/20
Y Ty —— B E po v
| P
National Significant River Flood Outicok
No Monitor or Above Above Above
O Flood Stage 0 Narmal Monitor . Flood Danger [ » Water Resources ]
Available Condtions Stage Stage Stage
The number inside each circle above represents the number of gages with forecast conditions inside that category. I » Snow Data 74'
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cnrfc.noaa.gov

D EIZXTE [niap Search

K6,

USE IT!

Weather Forecast Office
Sacramento, CA
Friday, April 22

i | (N

» Rivers/Reservoirs

» Water Resources

» Snow Data

» Observed Precipitation (QPE)

» Forecast Precipitation (QPF)

Forecast Issuance: 5/20/05 7:31AM PDT Next Forecast Issuance: 5/21/05 9:00 AM PDT
100 1.00
£ om0 oo &
S o0s0 oso =
= =
+ 040 040
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14.0 12700
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12.4 10040
16 8800 o
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B
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Pacific Local Time (Day.Hour)
Qb Flood 10.0 —
Graphic Genem?ed 05/2012005 at 07 32 AM PDT

Calnornia Nevasa River Forecas

Sallfornia Depariment of Waier Resources
), MWS S NOAA

E OROVILLE (ORDC1)

Longitude: 121.52° W Elevation: 922 Feet
hiifornia River Group: Lower Say
122022 =t 7:57 AM POT

Flood Stage: N/A
srecasts produced by CNRFC only consider meteorological uncertainty and do
hce Plor  Product Tutorial

Hourly Flow Probabilities.
FEATHER RIVER - LAKE OROVILLE (ORDC1)
Crested: 04/12/2022 =t 7:57 AM POT

3 Apria Apr 15 Apr 18 Apr 17
Thu Fri Sat Sun
o 12am 12am 12am 12am

Date/Time (Pacifich

Piot Type: [Ensemble Forecast ~ CSV En

1 . Las Vegas

Los Angeles

cenDiegy N evealh

» Observed Temperatures

» Forecast Temperatures

*» Freezing Levels
» Flash Flood Guidance/Debris Flow

» Water Temperatures

» Climate/Drought

» QPF Verification

» Watches/Warnings/Advisories

E{NRFC Daily Briefing

ast issued: Tue Apr 12, 2022 at 08:21 AM PST (updated daily by 10 AM Pscific Time)

Click image for full-resolution version.

CNRFC Dain Briefing

Issued: Tue Apr 12, 2022 8:20 AM PST
pr 12 5 AM PDT

o
=
@

NEW

Monterey

111 cNRFC Daily Briefing
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Additional Communication and Notification

Weather Forecast Office
Sacramento, CA

® Emergency Management Contacts
OHourly / Daily / Weekly

® Phone, CalWAS, text, video, etc

@®iNWS

® CalOES SOC

® County EOC Deployments

Friday, April 22

1‘@ ' iINWS - Interactive NWS

INWS MOBILE ALERTING

Receive customized text
message and e-mail alerts for
National Weather Service
products that you care about.

Welcome

InteractiveNWS (iNWS) is the home

Service. This application suite allows
new and innovative ways, such as te|
our mission of protecting life and prg

@® State and Local briefings
® 24x7 NWS Operations accessd

OResponse 5
ORecovery o
O Mitigation

O Preparedness

eATy,

Significant Storm with Potential
for Flooding & Heavy Snow
October 23-26, 2021
Video Briefing

_— . -
+a®&’. National Weather Service October 22, 2021
e = m -

s © =
) <y Sacramento, California

76




Weather Forecast Office

QU EStiOnS? Sacramento, CA

Friday, April 22

If you have questions please contact:
NWS SACRAMENTO

cindy.matthews@noaa.gov

916-979-3064

b‘_ nws.sacramento@noaa.gov @ (916) 979-3045 weather.gov/sacramento 'F , u


mailto:cindy.matthews@noaa.gov

Q&A



5 Minute Break



CALIFORNIA DEPARTMENT OF WATER RESOURCES

State-Federal Flood Operations Center

Oroville Dam Citizens Advisory Commission
Technical Workshop

WATER RESOURCES Elizabeth Bryson, P.E., Flood Operations



FOC Responds to...

High water / flooding
Large and/or intense storms
Earthquakes / tsunamis

Dam incidents

,‘07 .?'F
A o) CALIFORNIA DEPARTMENT OF

& WATER RESOURCES




FOC Coordination

Provides:

® Situational awareness
® Technical and direct assistance

® Conduit for federal assistance
under Public Law 84-99

Does NOT:

® Declare emergencies
® Order evacuations
® Repalr levees

"—-ff--‘?; CALIFORNIA DEPARTMENT OF

& WATER RESOURCES



Situational Awareness

e,

%) & CALIFORNIA NEVADA RIVER FORECAST CENTER
P rOVi d e ye ar_ ro u n d d ai |y fo re CaStS Of HOME HYDROLOGY WEATHER CLIMATE RESEARCH / OUTREACH LINKS SEARCH ABOUT US

Local forecast by NOAA / NWS News and Local CNRFC Information

. . “City, S¢" or ZIP Code : : 4 “ :
| S - ‘@ CNRFC Daily Briefing - View a graphical summary of current & forecast weather & hydrolegic conditions. Updated by 10 AM PT.
e S e rVO I r I n OWS Location Help 2021 Tide Tables Available - The 2021 tide tables are now available on our river forecast page.
Ri flows and water levels
F C n | t 'I: O R & N V Recently-Issued CNRFC TextProducts: | Texs Product Des

Geographic | CNRFC Boundary IV' States | ") Counties {" Lakes I\’ Rivers
Overlays  [[JDrainage Basins | [ National Parks | () Burn Areas 2020 — 2010— 2018

All River Guidance (Flood Forecast) Points Are Currently and Forecast to Remain Below Critical Stages

Deterministic Forecasts

i, 2 Markers: 100 Shows only critical stages (fest pts only) [
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{ 3 Las Vegas Deterministic Forecast + Observed Data
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o Obs data updated: Wed Aug 1 10826 AMPDT

Forecast Points Show only critical stages [
s Linkto () observed @ forecast

° - Latest Hour 1 Hn«gc 2 H’: ngo 2 Hrs Ago

[
@ Los Angeles A

Significant River Flood Outiook
Data updated: Tue Aug 10 2021 10:00 AM POT
0 Valid: 08/10/2021 - 08/15/2021

~an D'Egb Mextrafl [ Latest Flocd Outlook Product (updated daily)
CALIFORNIA DEPARTMENT OF s THudia v National Significant River Fiocd Outlook

W‘ ‘l El E IaESOUlaCES \ » Water Resources
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O Aemane s @ Condtions —or . e e » Snow Data J

The number inside each circle above represents the number of gages with forecast conditions inside that category. » Observed Precipitation (QPE) ]
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High Water Notitfications o

Gridley

New Bullards Bar
Reservoir

Based on river forecasts

z ”
Notifications and updates provided to peoit (T
downstream agencies potentially impacted S
by high river flows and stages -l
Local, city, county, state & federal partners % .A(,,”
These are not evacuation orders ¥ jye 7
%% Yuba-Feather Watersheds

T
2 CALIFORNIA DEPARTMENT OF

@ *%
8 WATER RESOURCES

Swd(fg 0101‘




FOC’s Relationship to Oroville Dam

Notifications and updates provided to downstream agencies

potentially impacted by high flows or failure scenario
LLMAs, cities, counties, state & federal partners

Built-in redundancy
These are not evacuation orders

Participate in annual meetings and exercises

\a CALIFORNIA DEPARTMENT OF

& WATER RESOURCES




Contact Information

FLOOD OPERATIONS CENTER

Resources

A\, (916) 574-2619 flood_center@water.ca.gov

California Data Exchange Center (CDEC)

http://cdec.watet.ca.gov

CA-NV Rivef Forecast Center (CNRFEFC)

htt]

p:/ / Wwwcnrfc.noaa.gov/



http://cdec.water.ca.gov/
http://www.cnrfc.noaa.gov/

Q&A
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Cal OES

GOVERNOR’S OFFICE
OF EMERGENCY SERVICES

Dam Safety
Planning
Division

Emergency Action Plans




GOVERNOR’S OFFICE
OF EMERGENCY SERVICES

Cal OES
Water Code Sections 6160 and 6161

* Owners of state-regulated, jurisdictional dams
must submit an Emergency Action Plan (EAP) to
Cal OES and DWR it classified as EH, H, or S

* EAP must include a DWR-approved inundation
map

* Includes deadlines for submissions
* Cal OES review timelines are given

* Owners must update the EAP, including the
map, at a minimum every 10 years



a Cal OES

GOVERNOR’S OFFICE
OF EMERGENCY SERVICES

Government Code Section 8589.5

* EAP must be developed in consultation with local
public safety agencies

* EAP must adhere 1o FEMA's Guidelines
* 6 Elements of an EAP

Emergency Nofification Flowcharts Responsibilities

Preparedness Activities Inundation Maps
Response Process Additional Info in Appendices

* Dam owner must conduct an EAP nofification
exercise with local public safety agencies once a
year




Cal OES

GOVERNOR’S OFFICE
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Emergency Action Plans

What is an EAP?
* |dentifies potential emergency conditions at a
dam

* Specifies actions to be followed to minimize
property damage or loss of life

* Based on approved inundation maps, which
show critical areas of evacuation in case of a
dam emergency



a Cal OES

GOVERNOR’S OFFICE

OF EMERGENCY SERVICES

Dam Owner Ouireach to Public Safety Agencies

Who

*Those impacted by dam incident

* Local: law enforcement, fire, OES,
* State/Fed: NWS, DWR (DSOD, FOC), Cal OES

How
*Meetings, phone calls, etc.

When

*Earlier is better
*Have something to show those groups



GOVERNOR’S OFFICE
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Cal OES

Incorporating Outreach into Plan

Methods to Meet Statutory Requirement:
* Signature Page

* Narrative explaining which agencies were
consulted during development of the plan and
what the contributions were

* Agendaq, sign-in roster, and minutes from EAP
development meeting(s)

* Include the agencies’ roles within the EAP
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Noltlification Flowcharis

Flowcharis

* |dentftifies who is to be nofified of a dam safety
iIncident, by whom, and in what order

* One chart or a set of charts may be needed
depending on the complexity on the hazards
associated with the dam and affected downstream
areas

* Should include emergency level, individuals who will
conduct notifications, prioritization of nofifications,
individuals who will be notified



Nolification Flowcharis

la Luisa 2) Nafional Weather

County Sherifi ice - Los Angeles

000-100-0000
24 Hour Contact

000-111-1111
24 Howr Contact

City of Santa Luisa

24 Hour Confact

Cily of Santa Lui
Police

000-288-8888
24 Hour Contact

Office
OO0-788-4410

24 Hour Contact

Santa Luisa
County OES

000-232-2232
24 Hour Contact

C{iﬂli I L L]
Pairol
000-333-3333
24 Hour Contact

Calfonna Depo ;

of Transportalion
000-444- 4444

24 Hour Contact

Motification Flowehart for High Flow, Non-Failure, Potential and Imminent Failure

SIWC Operations [on-sie)
Ben Powell, Dam Supervisor
QO0-000-0002
[24 Houwr Contact]

% S WA '|'I e

Anthony Sanchez,
General Manager

000H000-0001
24 Hour Confact

1) California State
ing Center, Cal OE

000-845-5900
24 Hour Confact
[Refer to Appendix H)

2) DWR Hood
Operations Center
DOC-57 42400
24 Hour Confact

3) Santa Lvisa
ineening Deprime

000-666-6666
24 Hour Contact

) $anta Lvisa Water
Works Facility
000-400-000

24 Hour Confact

e Cal OES

GOVERNOR’S OFFICE
OF EMERGENCY SERVICES

4) DSOD
During business hours:
drew Mangney, Chief
ﬁ:ld Engineering Branc
D00-227-2800

Luiside of business hours
Bob Srnith

Area 9 Engineer
000-227-4700

|If unable fo reach Area
Engineer:
Tim Thomas
Southern Regional
Engineer
D00-227-4400
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Questions?

Casey Meredith
Dam Safety Planning
Cal OES
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Making Investments to
"‘Buy Down” Flood Risk

Oroville Citizens Advisory Commission
Flood Management Stakeholder Workshop

April 22, 2022

= Michael Mierzwa, P.E., State Floodplain Manager
T RV G Ty CA Dept. of Water Resources, Division of Flood Management

& WATER RESOURCES




Outline of Today’s Topics

*  “Buying Down Risk Concept”

* Central Valley Flood Protection Plan (CVFPP) Overview
* Using the CVFPP to Guide Future Investment Need

* Example of a Risk Assessment from the CVFPP

ATy =
=" CALIFORNIA DEPARTMENT OF

& WATER RESOURCES




“Buying Down” Risk
a g%

Emergency Management Planning

Many of today’s other land acquisition, and easements), and Development of Risk-Based Tools

* I Floodplain Management, Land Use Planning (zoning, building codes, retreat,

presentations have focused on

‘ Insurance
understandlng flood risk ‘leservoir and Floodplain Storage Operation

through better understanding ~_, =~ Assessand
i w Report Operations and Maintenance
of flood hazards, mapping, > sk
inspections, forecasting, and ; Flood Infrastructure (levee and channel
AW : w ' i
shanng e L o0, - improvements, bypasses, culverts, and pipes)
Emergency Management
* Induding Response (flood ':a'.':gel
. ghting) and Recovery R.ESI: ua
OCAC has previously i *
teatured presentations on airs)
reservoir storage operations.
Risk Planning and Response and
Assessment Preparedness Recovery

TR
e 17

,:I@“Eg CALIFORNIA DEPARTMENT OF

WATER RESOURCES RISK REDUCTION TOOLS



Central Valley Flood Protection Plan

Key Features (as of 2017):
» Land area size of State of Florida

» Highest net agricultural production region in United States

- 1,600 miles of Federal-State levees = e b
« Extensive system of bypasses & floodways o s s Sl
« 2 completely different river basins, each w/ over 5 major rivers

« Over 1.3 million people living in floodplains

« +$80B property / assets at risk

Sycamore Creek
Diversion Chanmel

Big Chico Creek

"["Blg chico Creek |,
Diversion Siructure

Litle Chico
Creck
Diversion
Channel

- Lindo Channel | X
Diversion Structure

Lake
Oroville
Gold Run i
Creek

| Oroville  Orville NewBullards Bar
s Dam o Reservoir

Head of East Levee

Sutter
, Butte Canal
Headgate

Bioudy istand
Pumjing Plant

Colusa Weir| “ " Butte Slough
70,000 A\ Outfall Gate

5 25.000 onciyr
Clear Creek
alake,

\‘\\w‘ﬂ"‘s‘n n

Indhian Valley Butte Slough Outfal
Reservoir

Knights Landing
Qutfall Structure

Fremont Weir|

7~ SPFC Levees 4
® Other SPFC Facilities R

. > ’ . da Cre®
30,000 Flood Channel Design Capacities Wo% o ' £6.99° %6 000 &
i i ache Creek ¥ s &)
in Cubic Feet/Second i Setting Basip?”~ \3 ¢ Creck w{;{‘{"j’Fa4r Oaks

0 8 % Y 6,000, Carmichael Bluffs

—— Bt LR —California State Exposition
Py 0 I

Scale In Miles e O =y Sacramento

115,000 or 152,000 (see Note)

Notes:

The American River has two capacities for the reach
from Carmichael Biuffs to the State Exposition
115,000 cfs with a freeboard of 5 feet, or

152,000 cfs with a freeboard of 3 feet

Tr.
The capacities depicted on this map are from the USACE L
1957 Design Profile and Operations and Maintenance
Manuals and do not represent existing system capacities,
The capacities shown on this map represent only those
pertaining to leveed channel systems.

Camanche
Reservoir

These capacities represent an estimate made at a
specific time with limited resources. The existing system
capaciltes, in some cases, may differ substantially.

Rio Vista &
L)
A

o,

/

CALIFORNIA DEPARTMENT OF
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Recommended 2017 CVFPP Update Investment

cVFEPBE $17t021 billion Investment over 30 years

ONGOING CAPITAL
INVESTMENTS  SM/Y INVESTMENTS ~ $9$
Annual funding One-time funding for construction
for routine activities: or improvements:
$250—310 M/year $12-16.2 B
\ J - J

=T ‘f,n,
A& > CALIFORNIA DEPARTMENT OF

8 WATER RESOURCES




Example of a Risk Assessment

350
@ Life risk assaclated with the systern before ]
Early Implementation Program projects
300
w150 141 Increased life risk due to dimate ]
= change and socioeconomic changes
= 500 Recuced life risk due to Early ]
= Implementation Program projects .
= 150
= WITHOUT 3!
= 100
; SSIA project elements ]
_ and emergency management actions :
' WITH SSIA
J . . . . : .
2007 2017 2027 2037 2047 2057 2067

YEAR
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Thank You



