
www.westconsultants
.com

1

Documentation and Demonstration of a 

Process for Conducting Risk Analysis for 

Hydraulic Impacts of the Proposed 

Modifications to the Sacramento River Flood 

Control Project

Chris Bahner, P.E., D. WRE

Thomas Grindeland, P.E., D. WRE

Christopher Goodell, P.E., D. WRE

2009 NORFMA Meeting and Conference
Yakima, WA



www.westconsultants
.com

2

Outline

ʾDefinitions

ʾPurpose

ʾRisk Analysis Process for Evaluating Potential 

Hydraulic Impacts

ʾSacramento River Flood Control Project 

(SRFCP) Example

ʾExample of Analysis Results

ʾConclusions



www.westconsultants
.com

3

Definitions

ʾDeterministic Analysis

ʴA technical analysis approach that is accomplished 

using single values for key variables, i.e., water 

surface elevation

ʾRisk-Based Analysis

ʴAn analysis that incorporates the uncertainty of 

parameters and function used in the analysis to 

determine the undesirable consequences
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Definitions (Cont.)

ʾRisk-Based Analysis (Cont.)

ʴ Annual Exceedance Probability (AEP)

ʺ Probability a random variable (flood discharge or stage) will 

occur in any given year considering the full range of possible 

annual flood events

ʺ Top of levee was considered for the process demonstration, 

so the AEP corresponds to the probability of overtopping

ʺMedian and Expected Values

ʴ Conditional Non-Exceedance Probability (CNP)

ʺ Probability that a target stage will not be exceeded by a 

specified flood (Assurance)
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Definitions (Cont.)

ʾUncertainty

ʴMeasure of imprecise knowledge of variables 

and functions used in a risk analysis

ʺHydrologic (Inflow hydrographs)

ʺHydraulic (Stage-discharge relationship)

ʺOperational (Levee system performance, or Flood 

fighting activities)
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Purpose

ʾ Define a Risk Analysis Methodology

ʴ Evaluate system-wide hydraulic impacts resulting from 
modifications to the Sacramento River Flood Control Project 
(SRFCP)

ʺ Good example

ʺ Large, complex system

ʺ Several levees and flood control features

ʺ Need  (Early Implementation Projects (EIP)/Section 408)

ʴ Based on USACE guidance and policy

ʺ ER 1105-2-101, Risk Analysis for Flood Damage Reduction

ʺ EM 1110-2-1619, Risk-Based Analysis for Flood Damage Reduction Studies

ʴ Utilize existing models and tools

ʴ Deterministic assumptions were required

ʾ Compare process and results from Risk Analysis Methodology to 
Deterministic Methodology
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Risk Analysis Process for 

Evaluating Hydraulic Impacts

1. Define Analysis Conditions

ʴDefine Study Area

ʴDefine Index Locations

2. Indentify Analysis Criteria

ʴDetermine Agency Policy and Guidance

ʴDefine Criteria for Levee Breach

ʴDefine Potential Impact
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Risk Analysis Process for 

Evaluating Hydraulic Impacts 

(Cont.)

3. Data Collection
ʴTopographic Data

ʴHydrologic Data

ʴPrevious Studies

ʴAerial Photos

ʴFlow and Stage Measurements

ʴEtc.

4. Hydrology

ʴBaseline Conditions

ʴProposed Conditions
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Risk Analysis Process for 

Evaluating Hydraulic Impacts 

(Cont.)

5. Hydraulic Model Development for 
Baseline Conditions

6. Calibration/Verification of Baseline 
Hydraulic Model

7. Levee Failures

8. Hydraulic Model Development for 
Proposed Conditions
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Risk Analysis Process for 

Evaluating Hydraulic Impacts 

(Cont.)

9. Evaluate Hydraulic Conditions (Baseline and 

Proposed)

ʴHydrology at Inflow Locations

ʴDefine Inflow Discharge-Exceedance Probability 

Relationship at Index Locations
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Risk Analysis Process for 

Evaluating Hydraulic Impacts 

(Cont.)

9. Evaluate Hydraulic Conditions (Cont.)

ʴDefine Inflow-Outflow Relationship at Index 

Locations

Outflow Discharge-Exceedance Probability
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Risk Analysis Process for 

Evaluating Hydraulic Impacts 

(Cont.)

9. Evaluate Hydraulic Conditions (Cont.)

ʴEstimate Stage-Discharge Relationship at Index 

Location

10. Definition of Uncertainty (Baseline and 

Proposed)

ʴUncertainty at Inflow Discharge Locations

ʴUnregulated

ʴRegulated
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Risk Analysis Process for 

Evaluating Hydraulic Impacts 

(Cont.)

10. Definition of Uncertainty (Baseline and 

Proposed)

ʴEstimate Uncertainty of Inflow Discharge 

Locations at Index Location

Peak

EYR Discharge

System (years) (cfs) EYR*Q

Feather River 92 150,000 13,800,000

Yuba River 88 123,600 10,876,800

Yuba River Inflow 56 22,100 1,237,600

Yuba River Local Inflow 56 10,400 582,400

Bear River 85 49200 4,182,000

Honcut Creek 48 31,250 1,500,000

Peak Discharge ×386,550

EYR*Q ×32,178,800

Adopted EYR 83
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Risk Analysis Process for 

Evaluating Hydraulic Impacts 

(Cont.)

10. Definition of Uncertainty (Cont.)

ʴEstimate Uncertainty of Inflow-Outflow  

Discharge Locations at Index Location

ʴEstimate Uncertainty of Stage-Outflow 

Discharge Relationship at Index Locations
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Risk Analysis Process for 

Evaluating Hydraulic Impacts 

(Cont.)

11. Perform Risk Analysis using HEC-FDA

12. Compare Results to Identify Potential Impacts

ʴPotential Impacts 

ʺ Increase in AEP

ʺReduction in Assurance (CNP)
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Sacramento River Flood 

Control Project Example

Background Information

ʾ1,300 miles of levees

ʾProtects 800k Acres

ʾComprised of several 

sloughs, bypass, 

tributaries, and 

upstream storage 

reservoirs
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Sacramento River Flood 

Control Project Example (Cont.)

Analysis Information

ʾ 22 Index Locations were considered 

ʾ �+�\�G�U�R�O�R�J�\���E�D�V�H�G���R�Q���&�R�U�S�V�·�������������&�R�P�S�U�H�K�H�Q�V�L�Y�H���6�W�X�G�\
ʴ Sacramento River at Sacramento (Latitude)

ʾ Hydraulics based on Unsteady HEC-RAS model 

developed by Sacramento District (SPK)

ʾ Levee Failures were considered

ʾ Eight plans involving four Early Implementation Plans 

(EIP) were evaluated

ʴ Bear River EIP

ʴ Feather River No. 1 EIP

ʴ Feather River No. 2 EIP (Star Bend)

ʴ Natomas Levee EIP


