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Welcome to RMC-TotalRisk

The U.S. Army Corps of Engineers (USACE) Risk Management Center (RMC) developed the quantitative risk
analysis software (RMC-TotalRisk) to enhance and expedite risk assessments within the USACE Flood Risk
Management, Planning, and Dam and Levee Safety Communities of Practice.

RMC-TotalRisk is a menu-driven software, which performs risk analysis from user defined hazard, system response,
and consequence functions. The software features a fully integrated modelling platform, including a modern graphical
user interface, data entry capabilities, and report quality charts and diagnostics. TotalRisk can perform multi-failure
risk analysis for a single dam or levee or for a complex system with multiple components.

Why you should use RMC-TotalRisk

RMC-TotalRisk is a powerful risk analysis software package with an intuitive and easy to use interface. RMC-
TotalRisk reduces complexity in risk assessments by connecting the components of risk (hazard, response, and
consequences) through an intuitive risk diagram. The software can generate various aspects of risk including
Incremental, Background, Total, Failure, Non-Failure risk [1]. Every component of the software can be defined with
uncertainty. The risk analysis supports modelling multiple locations each with their own failure modes as separate
system components, making system level risk analysis easy.

When should you use RMC-TotalRisk? Any time you perform a risk analysis, you can and should use RMC-TotalRisk.
Typical applications in science and engineering include structural flood mitigation risk but can apply to any application
that has a hazard and a consequence.

Examples related to flood risk for dams and levees are provided throughout this document. However, the software is
not limited to just flood risk management applications. RMC-TotalRisk is a general-purpose risk analysis software,
capable of estimating risk for a variety of complex systems.

System Requirements

The RMC-TotalRisk program and all dependent libraries were developed using the .NET Framework 4.8. As such, the
program is currently only available for the Microsoft Windows operating system. The recommended system
configuration for RMC-TotalRisk includes:

e 64-bit Windows Operating System (Windows 7 or newer)

e 512MB of RAM at a minimum

e 2GB of free disk space at a minimum

e Quad-Core CPU with 2.7GHz (or faster) clock speed

e 1280x1024 screen resolution or higher (and at least a 17" monitor)

Installing RMC-TotalRisk

RMC-TotalRisk version 1.0 is available as a portable package (.zip). Installing a portable package does not require
administrative rights. Simply extract all contents of the portable package to the desired computer location. After
extraction, the package contents will look as shown in Figure 1. Simply double-click the executable RMC-
TotalRisk.exe to get started. For easy access to the program, you can create a desktop shortcut and pin the program
to your Windows taskbar.
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Mame Type Size

Help File folder

Libraries File folder
% RMC-TotalRisk.exe Application 5745 KB
| RMC-TotalRisk.exe.config XML Configuratio.. 1KB

Figure 1 —RMC-TotalRisk executable file in the RMC-TotalRisk portable .zip directory.

Setting the File Association in Windows
RMC-TotalRisk files have the “.tra” file extension. To have Windows automatically open .tra files with RMC-TotalRisk,
first right-click a .tra project file. Select Open with... from the resulting menu.

Open

7-Zip >

CRC SHA >
& Share

Open with... [}

E Scan for threats

Restore previous versions

Send to b

Cut
Copy

Create shortcut
Delete

Rename

Properties

Figure 2 — Right-Click Menu for Project File in Windows.

Then, from the menu that appears when you select Open with..., click Try an app on this PC for an expanded list of
already installed applications. If you do not see RMC-TotalRisk, scroll to the bottom and select Look for another app
on this PC. This will open a Windows Explorer dialog. Navigate to and select the executable RMC-TotalRisk.exe,
then click Open. When you’ve found RMC-TotalRisk and it has been selected, check the box labeled Always use
this app to open [.tra] files before you click the OK button. Now .tra files will appear in Windows Explorer with the
RMC-TotalRisk icon. You can now double-click a project file to automatically open it with RMC-TotalRisk.

o

Mame
4% Example Risk Analysis.tra

Figure 3 — RMC-TotalRisk Project with File Association in Windows.

Terms and Conditions for Use

The United States Government, US Army Corps of Engineers, Risk Management Center ("RMC") grants to the user
the rights to install RMC-TotalRisk "the Software" (either from a copy obtained from RMC, a distributor or another user
or by downloading it from a network) and to use, copy and/or distribute copies of the Software to other users, subject
to the following Terms and Conditions of Use:
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All copies of the Software received or reproduced by or for user pursuant to the authority of this Terms and Conditions
of Use will be and remain the property of RMC. User may reproduce and distribute the Software provided that the
recipient agrees to the Terms and Conditions for Use noted herein.

RMC is solely responsible for the content of the Software. The Software may not be modified, abridged, decompiled,
disassembled, unobfuscated or reverse engineered. The user is solely responsible for the content, interactions, and
effects of any and all amendments, if present, whether they be extension modules, language resource bundles,
scripts or any other amendment.

The name "RMC-TotalRisk" must not be used to endorse or promote products derived from the Software. Products
derived from the Software may not be called "RMC-TotalRisk" nor may any part of the "RMC-TotalRisk" name appear
within the name of derived products. No part of this Terms and Conditions for Use may be modified, deleted or
obliterated from the Software. No part of the Software may be exported or re-exported in contravention of U.S. export
laws or regulations.

Waiver of Warranty

THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS, REPRESENTATIVES, AND
EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS PROVIDE RMC-TOTALRISK "AS IS,"
WITHOUT ANY WARRANTY OR CONDITION, EXPRESS, IMPLIED OR STATUTORY, AND SPECIFICALLY
DISCLAIM ANY IMPLIED WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE AND NON-INFRINGEMENT. Depending on state law, the foregoing disclaimer may not apply to you, and
you may also have other legal rights that vary from state to state.

Limitation of Liability

IN NO EVENT SHALL THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS,
REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS, BE LIABLE FOR
LOST PROFITS OR ANY SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF OR IN
CONNECTION WITH USE OF RMC-TOTALRISK REGARDLESS OF CAUSE, INCLUDING NEGLIGENCE.

THE UNITED STATES GOVERNMENT’S LIABILITY, AND THE LIABILITY OF ITS AGENCIES, OFFICIALS,
REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS, TO YOU OR ANY
THIRD PARTIES IN ANY CIRCUMSTANCE IS LIMITED TO THE REPLACEMENT OF CERTIFIED COPIES OF
RMC-TOTALRISK WITH IDENTIFIED ERRORS CORRECTED. Depending on state law, the above limitation or
exclusion may not apply to you.

Indemnity

As a voluntary user of RMC-TotalRisk you agree to indemnify and hold the United States Government, and its
agencies, officials, representatives, and employees, including its contractors and suppliers, harmless from any claim
or demand, including reasonable attorneys' fees, made by any third party due to or arising out of your use of RMC-
TotalRisk or breach of this Agreement or your violation of any law or the rights of a third party.

Assent

By using this program you voluntarily accept these terms and conditions. If you do not agree to these terms and
conditions, uninstall the program and return any program materials to RMC (If you downloaded the program and do
not have disk media, please delete all copies, and cease using the program).
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Graphical User Interface

RMC-TotalRisk is a menu-driven software package that performs risk analyses. The software features a fully

integrated modeling platform, including a modern graphical user interface, data entry capabilities, multi-failure risk
analysis, and report quality charts.

The graphical user interface consists of a Menu Bar, Tool Bar, and four window panes (Figure 4). The panes will be
referred to as the Project Explorer, the Tabbed Documents, the Properties, and the Message Window. You may
move, dock, hide, or close the window panes as desired.

% RMC-TotalRisk 1.0 - CA\Projects\TotalRisk\Example\Example Project tra

File View Project Tools Window Help

e g

% Bivariate ample stfit xample < LinearExample  #§ TabularExample < Power Example = | Properties

Disgram  Risk Results  Disgnostics General Options

Hazards

ok RMC-BestFit Example g [ 4 RISK ANALYSIS PROPERTIES

[F& Parametric Example '1‘) | Risk Element - RMC-BestFit E I Name Example Analysis

B Tabular Example T T T T T et

%0 Composite Example 1 j | J| Description
4 [ Transforms Created On 1/19/2022 10:29:51 AM

[ Linear Example N Last Modified 1/19/2022 10:29:51 AM

|z Power Example

B Tabular Example Consequence Life Loss |+
4 = System Responses I —— s s ey Ry G e e e R R —— Consequence Unit | Lives |+

?:5:"”&:{‘ E’“I’”p‘e < Hazard 2§ Transform @ Consequence

abular Example

%Bwa,iatem,:p‘e | RMC-Bestfit Example | Linear Bxample - Perametric Bample. ¥ | LifeSim Bxample ¥ -‘i\SSI::-\IJ:;:Ia:an Risk Only
4 [ Consequences fon( Fiow Independent Stage ' . .

£ LifeSim Example ) Simulate Risk with Full Uncertainty

% Tabular Example stngell -

%{ Composite Example 2 P Estimate
4 [ Risk Analyses : : ‘ """"

% Example Analysis Response (e

| TebularBemple ~ | Tabular Bample v
| [4] Independent Stage

Properties

Message Window

@) 00of 13 Messages ¥ Dof 1 Events n

Time | Description Source Name

Parameter

- Risk Analysis
M essage Window ket compts e e i
collection of potential failure modes. A potential failure

mode is composed of a hazard, the system respense to
that hazard, and the consequences given respanse.

Figure 4 — RMC-TotalRisk User Interface.
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Menu Bar

The menu bar located at the top of the window, as shown in Figure 5, contains important commands needed for
working with RMC-TotalRisk.

3'?5 RMC-TotalRisk 1.0 - CAProjects\TotalRisk\ExampletExample Risk Analysis.tra

File View Project Tools Window Help
.o H

Figure 5 — RMC-TotalRisk Menu Bar.

File
The File menu provides essential file management functionality. From this menu, you may create a new project, open
an existing project, save or save as, open recent projects, or exit the application.

File | View Project Tools Window Help

* New Project... % Ctrl+Shift+N

2 Open Project... Ctrl+5Shift+Cr

FH Save Project Ctrl+5
P Save Project As... Ctri+Shift+5 |

ChiUsers\QORMCCHS\Docurments'Blakely Mountain Dam
ChUsers\QORMCCHS\Documents\Bulletin 17C Examples
ChlUsers\QORMCCHS\DocumentsiMojavelam
ChAExample Project\ARR-FLIKE Examples
ChUsers\QORMCCHS\Docurments\Viglione Examples
CAO_RMC_Worl RMC_GeneralV0_HHTY.. APeakFC Test
ChUsers\CORMCCHS\DocumentsiBermno
ChUsers\QORMCCHS \Docurnents\RegionalSkewTestData
ChUsers\QORMCCHS\Documents\Prade Darm

10 CUVIRMC _Warkd.. \Theoretical Verification

Mare Files...

WoE & oW B

() Exit Alt+F4

Figure 6 — File Menu.

If this is the first time you're using RMC-TotalRisk, your recent projects list will be empty. Once you have exceeded
the number of projects shown in the recent project list (the default is 10), a menu item labeled as More Files... will be
available. After clicking this item, a Recent Files dialog will open showing all available recent project files (Figure 7).
From here, you may open any recently used project file, or clear the recent project file list.
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4% Recent Files *
Project Location

.+ Examnple Risk Analysis  CA\Projects\ TotalRisk\Example

.‘f.i Chatuge Spillway C\Projects TotalRisk

#% Blakely Mountain Dam  C:\Projects\ TotalRisk

&% Blakely Mountain Dam C:\Projects\ TotalRisk

f.i Bluestone Dam ChProjectsh TotalRisk

% Grapevine Dam C\Projects TotalRisk

2% Test3 C:\Projects\TotalRisk

2% Test2 C:h\Projectst TotalRisk

2% Test C:\Projectst TotalRisk

.‘f.i LifeSim_lmport C\Projects TotalRisk

.‘f.i Tabular C\Projects\ TotalRisk

.f.i Seismic C\Projects'\ TotalRisk

LRGP TN T = SO PSR N PRS- WO - S T o T I o' B VI i P oY= & E
Open tl:h-j Clear List

Figure 7 — Recent File Dialog.

View

You may move, dock, hide, or close the Project Explorer, Properties Window, and Message Window as desired.
The View menu allows you to unhide or open these windows. In addition, you can restore the default layout of the
window panes.

View | Project Tools Window Helg

== Project Explorer
Message Window I}’
03 Properties Window
O Al Windows

Restore Default Layout

Figure 8 — View Menu.

Project

The Project menu contains commands related to the project you are working in. From this menu, you can create a
new hazard, transform, system response, or consequence function. You can also add a new Risk Analysis. In
addition, you can edit the project properties through the Properties Window.

Project | Tools  Window Help

Hazarcls I}, * | ol Add RMC-BestFit Hazard...

Transforms k @ Add RMC-RFA Hazard...

System Responses » |72 Add Parametric Hazard...

Consequences " f Add Monpararmetric Hazard...
B2 Add Tabular Hazard...

4% Add Risk Analysis...

& 8
Lt

Add Composite Hazard...
~ Project Properties... E

Figure 9 — Project Menu.
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Tools
The Tools menu provides tools for managing your project and personalizing your workspace.

Tools | Window Help

=E Compact & Optimize Project File...
Zip Project File..,

Restore from Backup...

Equivalent Annual Consequences...

Batch Run...

= SR M i

Options...

Figure 10 — Tools Menu.

o Compact & Optimize Project File This option will compact and optimize the project database removing
unnecessary tables. Using this tool can significantly reduce the size of your file without losing any project
data.

e Zip Project File This option will zip your project file and prompt you to save the .zip to a location on your
computer. The zip file will be much smaller and can then be easily shared with others.

¢ Restore From Backup restores the project from the backup file (***.tra.bak). A backup file is created every
30 minutes by default, you can change the duration between backups in the Options dialog, File
Management tab.

¢ Equivalent Annual Consequences With this tool (Figure 11) equivalent annual consequences (EqAD)
between two risk analyses can be calculated. EQAD is required in USACE planning NED cost evaluation
procedures [2]. To calculate, define the analysis period in years and a discount rate as percent then select
current and future risk analyses and the year those results represent. The EqAD will be automatically
calculated. Use the table tools to add and remove EgAD calculations. You can also manually enter Base and
Future Plan results by clicking in the dropdowns and typing the value.

e Batch Run With this tool (Figure 12) you can simulate multiple risk analyses as a batch process. Batch
processing can be very useful when inputs have been changed that are common across multiple risk
analyses.

e Options This tool allows the user to personalize their workspace. The user can customize the Application,
File Management, Message Window, and Default settings. See the Personalize RMC-TotalRisk section below
for more details.
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G Equivalent Consequences — O -4
q q

Discount Rate (%) 7 Analysis Period (Years) |30

HaEaE BHEMmRID

Base Plan Base Mean E[M] faae Future Plan Future Mean E[N] fubae Lt
Year Year Consegquences
Without 2021 | 925 122468574448 ~ 2023 Without 2030 1067.71816385512  ~ 2073 952,9249
Plan 12021 | 545 25412500268  ~ 2023 Plan 1 2030| 555 15672082526  ~ 2073 558.7191
Plan 2 2021 | 507.355488368813  ~ 2023 Plan 2 2030 | 702 667577589945 ~ 2073 545.4363
Plan 3 2021 | 146.843750107503  ~ 2023 w 2073 Mah
925.122
549.394
507.355 Pldw:

*To manually enter base and future values, click on a dropdown and ty, 146,844 B¢

1067718 Vit
505.157 Plan %26,
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Figure 11 — Equivalent Annual Consequences Tool.

() Batch Run Risk Analyses *

Mame Select All
2% Without 2021

Dezelect All
% Plan 2 2021 b Estimate
s Plan 3 2021
s Without 2030
. Plan 12030
2% Plan 2 2030
2% Plan 32030

Pl s 1

Status:

0% Complete

Figure 12 — Batch Run Risk Analyses Tool.
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Window

The Window menu allows you to close or activate the document windows. The active document will have a check
mark next to it as shown in Figure 13. You can see all open windows by clicking Windows..., which will open a
Windows dialog. From here, you can activate or save specific documents. In addition, you can select and close
multiple documents at once.

Window | Help
Bl Close All Documents Ib

"o 1 Example Parametric Hazard
v 2 Example Transform

Windows...

Figure 13 — Windows Menu.

5?5 Windows b4
File Type Mame Activate

=% Hazards Example Parametric Hazard

|45 Transforms Example Transform

Close Window(s)

Figure 14 — Windows Dialog.

Help
From the Help menu, you can access this User Guide, view the Terms & Conditions for Use, or view the About
RMC-TotalRisk splash screen.

Help
ﬂ Uszer Guide...

! Terms & Conditions for Use...

2%  About RMC-TotalRisk...

Figure 15 — Help Menu.
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"+ About RMC-TotalRick

4O\ RMC-TotalRisk
o-. Version 1.0

The guantitative risk analysis software (RMC-TotalRisk) was
developed to enhance and expedite risk assessments within the
Flood Risk Management, Planning, and Dam and Levee Safety
communities of practice,

Risk Management Center

Institute for Water Resources
LS. Army Corps of Engineers m
12596 W, Bayaud Ave, Suite 400

Lakewood. CO 80228

Figure 16 — About RMC-TotalRisk Splash Screen.

Tool Bar

The Tool Bar is located on the main window, below the Menu Bar. The buttons on the tool bar provide frequently
used options under the File menu:

o New Project
e Open Project

e Save Project

Mew Project  Open Project  Save Project
i_ﬂ_,d-r'

Fi|E/<V‘rQI{C/tM/NndDW Help
+ o' H

Project Explorer

Figure 17 — RMC-TotalRisk Tool Bar.
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Window Layout

In RMC-TotalRisk, you can customize the position, size, and behavior of windows to create window layouts that work
best for you. When you customize the layout, RMC-TotalRisk will remember the configuration. For example, if you
change the docking location of the Project Explorer and then close RMC-TotalRisk, the next time that you open the
software, the Project Explorer will be docked in that same location.

Types of Windows

The RMC-TotalRisk layout is made up of four basic window types: the Project Explorer, Tabbed Documents,
Properties, and Message Window (Figure 4). Document tabs provide the editing and reviewing space for the various
project components including hazard, response, and consequence functions. The windows can be resized and
dragged by their title bar, the document windows can be dragged by their tab. On the Project Explorer, Properties,
and Message Window title bar, there is a drop-down with other window options.

Project Explorer AL Bl . Example Parametric Hazard

4 [ Exarnple Risk Analysis Float
4 Hazards Dock
- Fxample Darametiic Hazard Dock as Tabbed Document
e Transforms S .
|3 Example Transform Aute Hide ‘
4 Systern Responses Hide

Figure 18 — Tools Window Options.

With the tabbed documents, you can right-click on the document tab to set other options on the window. These
options include docking, floating, and hiding windows.

Project Explorer ﬁ Example Prra.m.ﬁ'rir Harard X m

4 [T Example Risk Analysis Graphical R Close .
o Hazards Close All But This Ib
~~ Example Parametric Hazard | Close All
o Transforms Float
| Example Transform 10,00 e
Dock as Tabbed Document
4 Systern Responses !
% Example Event Tree 1,00 Mew Haorizontal Tab Group
5 Example Event Tree 2 Mew Wertical Tab Group

Figure 19 — Document Window Options.
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Tab Groups

The tabbed documents can be grouped together to enhance your ability to manage a limited workspace while you are
working with two or more open documents in RMC-TotalRisk. You can organize multiple document windows and tool
windows into either vertical or horizontal tab groups or move documents from one group to another. The windows and
tab groups can also be floated and moved to different monitors. When you need to view or edit two documents at
once, you can split windows by creating two horizontal tab groups as shown below in Figure 20.

% RMC-TotalRisk 1.0 - C:\Projects\TotalRisk\Example\Example Risk Analysis.tra — O X
File View Project Tools Window Help

+ ol H

=% Example Parametric Hazard | Example Transfarm

Graphical Results  Tabular Results  Parameter Sets

saipadoig

Transform Function

1210(dx3 aloig
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=

F OB +
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Message Window

|° OErrors | | 2 0Wamir‘|gs| 0 0of7 Messages ¥ 0 of 24 Events il

Time | Description Source Parameter

Figure 20 — Split Document Windows.

Arrange and Dock Windows
A document window can be docked, so that it will be in the Tabbed Documents area, or the document can be floated
as a separate window independent of the main window. You can arrange windows in the following ways:

e Dock tool windows to the edge of the main window frame.

¢ Float tool and document windows over or outside the main window.
e Hide tool windows along the edge of the main window.

e Display windows on different monitors.

¢ Reset window placement to the default layout by choosing View > Reset Default Layout.

Arrange windows by dragging or right-clicking the title bar or tab of the window to be arranged.
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Dock Windows

When you click and drag the title bar of a tool window, or the tab of a document window, a cross shaped window
placement guide will appear. During the drag operation, when the mouse cursor is over one of the arrows in the guide,
a shaded area will appear that shows you where the window will be docked if you release the mouse button. An
example of the window placement guide is shown below in Figure 21 and Figure 22.

+ o H

= Example Transform
F Transform Function
i Example Parametric Hazard o x
Graphical Results ~ Tabular Results ~ Parameter Sets !_'_'_'_4—'—"'_7_'-’
- - - -.-.-.-‘-.-.-.-._.—F.-.-
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- 10,000,000 5 j |
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- o }
: 1 = Mean =i, 7
] 1,000,000 T Computed : ! a' ; | | P Q
] | | rs
& { - Lid
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@ : ®
S 100005 ag .
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= ; £ 80,000
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0003 g
s - =
100 3
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Figure 21 — Moving and Docking Document Windows.

Figure 22 shows the Properties Windows being docked below the Project Explorer. The new location is
demarcated by the light blue shared area.

Figure 22 — Example of Docking the Properties Window Below the Project Explorer.
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Close and Auto-Hide Tool Windows

You can close a tool window by clicking on the X in the upper right of the title bar. To reopen the tool window,
navigate to the View menu and select the desired tool window to show. Tool windows have an auto-hide feature,
which causes a window to slide out of the way when you use a different window. When a window is auto-hidden, the
window name appears on the tab at the edge of the main window as shown in Figure 23. To show the window again,
move your mouse cursor over the tab so that the window slides back into view.

Properties "EX
Input Data Properties Auto Hide — &k
Marne Exarnple Input Dataset . {‘r?
This is an example input dataset (-:I-l
from Blakely Mountain Darmn in e
Arkansas. This dataset includes i

systematic data, historical data +
dating back to 1870, and palecflood
Description information dating back 5,000 years,
Created On 1162020 10:471:54 AM B
Last Modified 8/7/2020 1:35:47 PM | #

Figure 23 — Auto-Hide Tool Window.
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Project Explorer

The Project Explorer, which is typically on the left-hand side of the main window, shows a graphical representation of
the hierarchy of elements within your project. After you create a new project, you can use the Project Explorer to
view, navigate, and manage the project elements.

Project Explorer v 0 X

4 [T Bear Creek
4 Hazards
4 [ 2021
H SF-2 WO Base ¥r
B SF-9 WO Base Yr
B SF-8 Plan1 Base
B SF-9 Plan1 Base
b [E 2030
b Transforms
Systern Responses
4 Consequences
4 [ 2021
4 [ 5Fs
b 05 Plan 1
r [ Plan 2
I [ Plan 3
4 [ Without
@) Without 2021 5F 8
Fa Without20215F-8 APT 000000082
FS Without20215F-8 AUTO 0000000E3
HS Without20215F-8 COMM 000000024
F@ Without20215F-8 PUE 000000085
Fa Without20215F-8 RES DODDDD0RE |
i [ SF9
b [E 2030
- Risk Analyses
4 [ 2021
2% Without 2021
2% Plan 12021
% Plan 2 2021
&% Plan 3 2021
b [E 2030

Figure 24 — Project Explorer.

Project elements are organized under the Hazards, Transforms, System Responses, Consequences, and Risk
Analyses folder headers. Many menu commands are available from the right-click menu on various items in the
Project Explorer. You can create new elements, create groups, or sort the items in each folder, by right-clicking the
folder icon or name.
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Figure 25 — Project Explorer Element Collection Header Right-Click Menu.

When right-clicking an individual project element, the following commands are made available: group, edit, copy,
rename, delete, move up, and move down. When multiple project elements are selected, three right-click menu
commands are available: group, edit, and delete. Double-clicking a project element will open it for editing.

Project Explorer

v[.l_)(

4 [ Examnple Project
4 Hazards

Project Explorer

vf'l)(

4 [T Fxample Project
4 [ Hazards

g RMC-BestFit Example
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@ RMC-RFA Example
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¢O¢Cl:lmp|:l r‘D GrDUF' % I E Edit. Ctrl+E
k Transform: (%7 Edit,.. Ctrl+E E Transforms % Delete Del
I+ [0 System Re o, Chrle C ' b [ Systermn Resp
b Cu:unsequaED b Consequenc T Movelp
b B Risk Analy] — RonarmeQ 7 b B Risk Analysed & Move Down
Delete... Del
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Figure 26 — Project Explorer Element Right-Click Menu. Options change when more than one item is selected.

You can move individual project elements by left-click-hold and dragging the element. A horizontal line indicates
where the element will be moved, as shown in Figure 27. You can also drag and drop input data from one RMC-
TotalRisk project to another.




RMC-TotalRisk User Guide

Project Explorer 0 X
4 [ Example Project
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Figure 27 — Project Explorer Element Drag and Drop.

Grouping provides a way to manage the project explorer by consolidating project elements into sub-groups. When
right-clicking a group element, all commands from the root folder are available plus Ungroup and Rename.

Project Explorer * 00X

4 [ Examnple Project
4 Hazards

g RMC-BestFit Example

& RMC-RFA Example

@ Parametric Example

. Non b Add RMC-BestFit Hazard...
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%, Com |6 Add Parametric Hazard...
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Consequer E{? Add Tabular Hazard...

&+

Risk Analy: ¢¢': Add Composite Hazard...

= = = =

[ Add Mew Group
1 Ungroup L\}
= Rename... F2
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gl  Sort Descending

Figure 28. Project Explorer Group Element.
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Tabbed Documents

In RMC-TotalRisk, document windows contain the project element data, such as input tabular data, event trees, and
risk analyses. When you open a project element for editing, it will automatically open into the tabbed document group,
which is typically located in the center of the main window (see Figure 29). You can reorder the tabbed documents,
drag, or float them outside of the main window. When you click on, or activate, a document window, the associated
project element properties will be shown in the Properties Window.

#* Example Transform » Example Event Tree 2 |¥& Example Parametric Hazard > (Sl SEIls CReRT EW TS
Graphical Results  Tabular Results  Pararmneter Sets
Hazard Distribution
10,000,000 3 k‘
1 | = 90% Confidence Interval
11— Mean €r?
— Computed

1,000,000 @
3 rsa
3 Lbd
100,000 o @
: o]

) ]
5, o]

= 10,000 E
=) .
- ; 19

1,000 5

100 5

10
0.999 0.99 0.9 0.5 0.1 0.01 0.001 1E-4 1E-5 1E-6 1E-7
Exceedance Probability [P(X = x)]

Figure 29 — Tabbed Document Group.
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Properties Window

The Properties Window, typically on the right-hand side of the main window, displays the properties for the project
and selected project elements. To access the element properties, open the element for edit (Figure 26). Some
properties are common among all project elements, such as Name and Description, while others are unique to the
specific elements. Properties are organized into groups for easier navigation. When you click on a property, the
property description will be placed at the bottom of the properties window as shown in Figure 30. All analyses will be
run from the properties window.

Properties > X
4 TABULAR HAZARD PROPERTIES

Mame Stage-Frequency - U

Based on data from "ARD0150-Risk

Calculations-Blakely Mountain Dam Common prGJECt

Stage Frequency Distributionsxlsm'. element ﬂrﬂﬂem esare
Function can be visualized in Figure Name, Description,
Description 5-34 of ARDD150 IES Report. Created {]ﬂ, and Last
Created On 10/14/2021 12:06:04 PM Modified
Last Modified 10/18/2021 12:44:20 PM
Hazard Type Stage v 4
Hazard Units ft = +

4 |NTERPOLATION TRANSFORMS Each project element

Hazard Mone v will have unique
Probability Logarithmic E properties.
Mone
Legarithmic

Maormal £-variate

The description of the
project element and its
properties will be
displayed here.

Probability Interpolation Transform

If the probability data is nonlinear, the values can be
transformed to improve the accuracy of the linear
interpelation. Options include logarithmic and Mormal z-
wariate transformations for probabilities, The default is
'Mone’, which is no transformation.

Figure 30 — Properties Window.
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Message Window

The Message Window shows you errors, warnings, messages, and event logs regarding the current state of your
project. If there are any errors in your project file, they are listed here. The Message Window lets you perform the
following tasks:

o Display the errors, warnings, messages, and events produced while you work in RMC-TotalRisk.
o Double-click any error message entry to open the project element where the problem occurs.

o Filter the type of entries that are displayed in the Message Window. The default is to only display errors and
warnings.

e Export all entries to a text file.
Once you resolve an error, warning, or message, the entry will be removed from the Message Window. You may

customize the font color of the various message types by navigating to Tools > Options. See the Personalize RMC-
TotalRisk section for more details.

Message Window

B1Ermrs ! 1 'Warnings 0Duf23|"uﬂﬂsaga £ 0 of 1 Events “f i

Time | Description Source Mame Parameter

y ndly af

Consequence function has not been
defined in risk elernent 5F-2'W0O Base ¥,

€ 15:30:45

Risk &Analyses Without - 2021 RiskElementCollection

Figure 31 — Message Window.




RMC-TotalRisk User Guide

Personalize RMC-TotalRisk

You can personalize RMC-TotalRisk in various ways to enhance the user experience by navigating to Tools >
Options. The Options dialog allows the user to customize the Application, File Management, Message Window, and
Default settings.

Application Options

You can set the application color theme to be the Light or Blue theme as shown in Figure 32 and Figure 33. The
default is set to the Light theme. You can choose to Save the window docking layout on close so that RMC-
TotalRisk will remember it when you reopen the application. You can also set the number of window items shown in
the Window menu and the number of recent project items shown in the Recent Project list under the File menu.

o Options w
Application Visual Experience
Color theme: | Light w

File Management

Message Window Window Docking Manager

Save window docking layout on close

Defaults )
Recently Used Files

10 : items shown in Window menu

10 : items shown in Recent Projects list

Cancel

Figure 32 — Options Dialog with Light Color Theme.

¥ Options >

Application — Visual Experience

Tl Color theme: ' Blue

Message Window — Window Docking Manager

Save window docking layout on close
Defaults

— Recently Used Files

10 : items shown in Window menu

10 : items shown in Recent Projects list

Apply @ Cancel

Figure 33 — Options Dialog with Blue Color Theme.
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File Management Options
RMC-TotalRisk project files are saved as SQLite databases. SQLite is a self-contained, high-reliability, SQL database
engine, which is also one of the most used database engine in the world (https://www.sqlite.org/). Database files can
grow quickly as you use them, sometimes hindering performance. They can also occasionally become corrupt or
damaged. You can use the Tools > Compact & Optimize Project File command to prevent or fix these problems.
You can also set RMC-TotalRisk to Compact & optimize project file on close.

You can set the time interval in which a project backup file is created. A file with the extension .bak is automatically
created when a project is opened. If the project closes successfully, then the .bak file is deleted. The database file can
be damaged or corrupted, or the system could close unexpectedly causing you to lose important data, so on
occasion, you might need to restore the project from a backup file by selecting Tools > Restore from Backup.

o 2 Options

Application
File Management
Message Window

Defaults

et

— Filz Size Management

[ ] Compact & optimize project file on close

— Backup & Recovery
Create AutoRecover backup every |30 : minutes

Keep the last backup version if | close witheut saving

Apply Cancel

Figure 34 — File Management Options.
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Message Window Options
You can adjust the auditory and visual setting for the Message Window. You can choose to turn on or off the beep
sound effect and select the font color for the different message types, as shown below in Figure 35.

% Options %
Application Beep when a message occurs
Errors
File M t
ile Managemen Warnings
Message Window [ ] Messages
Defaults [ ] Events
Meszage text color
. Errors
B essages

. Events

-

! Apply Cancel

255

m o o ¥

Common Colors

[
[ | [ ]| |

Figure 35 — Message Window Options.

Default Options

You can set the default project location directory, and the default decimal digits for the project inputs and outputs
(Figure 36 below). In addition, the default hazard type and units can be set for each input function category in
TotalRisk. For example, by default, when you create a new hazard function, the hazard type and unit will automatically
be set to Stage and ft, respectively.

If the desired hazard type or unit is missing, click the =+ button to add a new option, if you want to delete an option,
click the x button that appears inside the dropdown.
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2 Options .

Application Default Directory: | C:\Users\QORMCCHS\Documents

File Management Decimal Digits: |4 s

Message Window 4 Hazard Settings

Defaults Hazard Type Stage v 4
Hazard Unit ft v 4
4 Transform Settings
Hazard Type stage v 4
Hazard Unit ft v 4
Transformed Hazard = Flow w +
Transformed Unit cfs v 4
4 System Response Settings
Hazard Type stage vil4
Hazard Unit ft v 4
4 Consequence Settings
Hazard Type Stage v 4
Hazard Unit ft v 4
Consequence Type  Life Loss v 4
Hazard Unit Lives v 4
4 Risk Analysis Settings
Consequence Type Life Loss v | =
Hazard Unit Lives v

Save Load
Apply Cancel

Figure 36 — Default Options.
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Plot Features

RMC-TotalRisk has plot features which allow you to examine and customize the plots. There is a tool bar located to
the right of each plot, which allows you to interact with the plot in the following ways:

RV L JOage

Figure 37 — RMC-TotalRisk Plot Features.

R Track Data

Track Data to get the X-Y point values (Figure 38). Click on any plotted point or line in the graph to show a tooltip
displaying the plot series name and X and Y data points.

1

| Density

. — Conditional Expected Economic Cost, n: 1,255.1011
1.0000E-003 / Density: 0,000585548

] // bﬁh“"——______

- _\_\_\_\_‘_‘—\——L
0.0000E+ 000 —

I T T T I T T T I T T T I T T T I T T T I T T T I T 1
4,0000E+002  6.0000E+002  8.0000E+002  1.0000E+003  1.2000E+003 . 1.4000E+003  1.6000E+003

Figure 38 — Track Data on Plot.

) Pan

Pan/move the plot area by click-hold-dragging on the graph. The plot can be panned in any direction, up, down, and
side to side. You can also Pan by click-hold-dragging the middle mouse button.

® Zoom In

Zoom in on the plot. Zooming works by click-hold-drag highlighting the area of interest with the magnifying glass
cursor (Figure 39), or by click-hold-dragging on an axis to restrict zooming to only that axis. You can also zoom in and
out using the mouse wheel.

] — R
1.0000E-003 _ay .
- d-.._-___.--"--'. = _'--______\_\_\_\_\_\_\_
0.0000E+000 —
——— 77T
4.0000E+002  6.0000E+002  8.0000E+002  1.0000E+003  1.2000E+003  1.4000E+003  1.6000E+003

Figure 39 — Zoom In on Plot.

rsa
t+3Zoom Out
Zoom out to the plot extents. You can also hit the escape key to zoom out to plot extents.

*+ Add Annotations

Add annotations to the plot (Figure 40). Annotations are elements of the plot that show information that is not part of a
plot series. Annotations are not included in the legend and not used by the tracker. You may add the following
annotation types to the plot: Arrow, Text, Vertical Line, Horizontal Line, Rectangle, Ellipse, Point, Polygon, and
Polyline.
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Arrow Annotation
Text Annotation o

Wertical Line Annotation

| — B N7

Horizontal Line Annotation
Rectangle Annotation
Ellipse Annotation

Point Annotation

Palygon Annotation

,-V Polyline Annctation

Figure 40 — Plot Annotations.

The annotations can be moved by clicking and dragging them to a new spot. An example of an arrow and horizontal
line annotation is shown in Figure 41.

7 Flood of F{ec?rd

| |
Vo

551] —

0999 0.99 0.9 0.5 0.1 0.01 0,001 1E-4 1E-51E-61E-T7
Figure 41 — Example of Arrow Annotation.
®save

Save the plot image as a PNG, PDF, or SVG file. Select from common image sizes or define your own.

Save Plot
600 x 480 (5:4) =
Width: &00 px
Height: 420 px

Save

Figure 42 — Set the Width and Height of the Plot Image.

@ Export
Export plot series data to a Comma Separate (.csv), Excel (.xIsx), or SQLite (.sqlite) file. After clicking the Export

Series Data button, a Save As dialog will open. Select the desired file type and give the file a name, then click save. If
saving to an existing excel file, the plot series data will be saved as tabs in the existing file.

¥ Plot Properties

Plot Properties to customize appearance. In properties, you can edit the general plot settings, legend, axes, series,
and annotations. Click the chevron = in the upper right to open a drop down showing the other plot elements to edit.
Changes to plots in RMC-TotalRisk are saved and persist when you open and close a project.

27
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L GENERAL PLOT SETTINGS v

4 PLOT TITLE

Title |Response Distribution

Color .

Font Segoe Ul N
Font Size 18 N
Font Weight Bold v
Padding 6 N
» SUBTITLE

4 PLOT AREA

Plot &rea Color

Border Calor

Borcer Thickness |1

¢ BACKGROUND

Commaon Colors

[ I

(o | [ [ |

Figure 43 — Plot Propetties.

Table Features

Several tables in RMC-TotalRisk contain the Add and Remove Row Tools, the Export and Copy Tools, and the
Row Selection Tools toolbars.

Table Add/Insert/Remove Row Tools

# Add Row
This tool adds a row to the bottom of the table.
#= |nsert Row

This tool inserts a row above the selected cell(s).

%3 Delete Row

This tool deletes the row(s) of the selected cell(s).
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Table Export and Copy Tools

=

Fig

Select All Cells

This tool selects all cells in the table.

Copy Selected Cells

This tool copies cells selected in the table. The information is copied to the clipboard and needs to be pasted
to another application (e.g., Microsoft Excel®) for saving.

Copy Selected Cells with Table Headers

This tool copies cells selected in the table and the table headers. The information is copied to the clipboard
and needs to be pasted to another application (e.g., Microsoft Excel®) for saving.

Paste from Clipboard into Table

This tool pastes data copied from another table into the current table.

Export Table

The Export Table tool opens a Save As browser window, which allows the user to export the data in the table
to other formats including Microsoft Excel® (*.xlIsx) file. Note, if an existing excel file is selected, it will add the
table to the existing file as a new tab.

Table Row Selection Tools

E& Select Rows By Attribute

This tool opens the Select By Attribute dialog box (Figure 44), which allows the user to perform queries, make
selections, and locate features in the table.

Ml Select By Attribute — O x

Awailable Columns Expression
System I [system]=>0.007
Dam A
Dam A - PFM 1
Dam A - PFM 2

4+ — ¥ = A = Functions [_| Match Case

result

Apply to selected records only

Figure 44 — Select By Attribute Dialog.

EH show All Rows

This tool allows the user to display all rows (selected or unselected) in the table.

@ Show Selected Rows Only
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This tool allows the user to only display rows selected in the table.

% Deselect All Rows

This tool unselects all rows in the table.

Table Column Features

RMC-TotalRisk table columns can be sorted, searched, and when numeric they can have summary statistics
generated (Figure 45). Sorting can be done by right-clicking on a column header and selecting the desired sort option
or double clicking on the column header to sort. Note, double clicking a column header that is already sorted will sort
in the opposite order.

flitered Exit | Roof Support Upstream Flow  Downstream In

Limitar Flewar Limiter Ur
152677087771 |0RREEE YT Sort Ascending 248272...(0.22
i T4 Sort Descending 01821...10.21

Femowve Sort 209290...10.27

|& Summary Statistics... L} 131512, 0.36

75020776645, ikeyel <~ Find.. 15754503 0.30

Figure 45 — Table column header right-click options.

Viewing summary statistics can be a very useful tool to view the data in a column. Note that you can check the
Selected Rows Only checkbox to get summary statistics for only selected rows (e.g. rows where “SRP” is greater than
the 25" percentile).
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% ik - namoge - 1oL=5 < |

Diagrarn  F-MPlot  a-nPlot  Summary Statistics Diagnostics
Integration Risk Type: | Incremental v Risk Measures  Mean, E[N]
. mE D@
Risk Messures EERne BESS
Flow-Freauency Flo
Risk Profile 0 1,86965079 Sort Ascending 1,869
Assurance 1 1.16671472780724 Sort Descending 1.166
2 2.63485333421973 MEMOVE 20rt 2634
Tornado Plot o
3 0.309316326750439 Summary Statistics... % 0.309
bk PR 1.50167634909804 Find... 1.201
Tabular 5 7 ATNGINEEISINNA 2 ATNSING5I5IN0E IETN
&% System Summary Statistics - O X
Selected Rows Only
Statistic Value k
10000 - ™
Minimum 0.0166483803601265 M T
Maximum 7.52843802890143 - | 3
Sum 17067.2027497122 600 | - ]
Mean 1.70672027497122 n - +
Std. Deviation 1.01687664308653 | (O]
5th %-ile 0.375238467434937 M >
; - -
25th %-ile 0.936525230662872 E . L
50th %-ile 1.5305300814763 8 -
75th %-ile 2.29748086425078 I
95th %-ile 3.63300126397085
Classification: | Rice Rule ~ 200 o
Less Than Count
118
0350505738073073 321 |
0517434416020547  |s03 o —AE e e =
0.68436300572602 567 0 1 2 3 4 5 6 7
0851201774642403  [643 System i
101820N45240007 A0S | y L] Background Histogram

Figure 46 — Table Column Summary Statistics Dialog.
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Working with RMC-TotalRisk

In this guide, we will demonstrate how to create a project, enter hazard, transform, response, and consequence
functions, set up a risk diagram, perform a risk analysis, and review results.

Create a Project

When you open RMC-TotalRisk, a Blank Project file is automatically created, as shown in Figure 47. The blank
project is stored in your local temp directory. You may begin working with the blank project file immediately.

ﬁi RMC-TotalRisk 1.0 - Blank Project

File View Project Tools Window Help

+ o H

Project Explorer * X

4 [T Blank Project
Hazards
Transforms
Systern Responses
Consequences
Risk Analyses

Figure 47 — RMC-TotalRisk Blank Project.

To save changes to the blank project, click the Save button on the tool bar or under the File menu. This will open the
Save Project As... prompt. Enter the desired file name and click the save button in the bottom right. Now you are
ready to continue working with RMC-TotalRisk.

"+ Save Project As...

i < (5Disk (C:) » Projects » TotalRisk » Example v | D 2 Search Example

Organize « New folder A== - o

"~ Mame Date modified Type Size

7 Quick access o
4.6 Example Risk Analysisitra 11/2/2021 2:46 PM TRA File 1,216 KB
B o ¢ P X
%) Documents

Projects

Programs

3 This PC
J 3D Objects
[ Desktop
|5 Documents
‘ Downloads
J‘l Music W

File name: | Example Risk Analysis.tra

Save as type: | RMC-TotalRisk Files (*.tra) ~

» Hide Folders Cancel

Figure 48 — Save Project As....
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A new project can also be created by clicking New Project... under the File menu, or by clicking the New Project
button located on the tool bar as shown in Figure 49 and Figure 50. If this is the first time you're using RMC-TotalRisk,
your recent projects list will be empty.

4% RMC-TotalRisk 1.0 - Blank Project
File | View Project Tools Window Help
*. Mew Project... Ctrl+ Shift+N
©. Open Project... Ctrl+Shift+ 0
H save Project Ctrl+5
P> Save Project As... Ctrl+Shift+5
() Exit Alt+F4
T e
Consequences
Risk Analyses

Figure 49 — Create New Project from the File Menu.

ﬁl'r RMC-TotalRisk 1.0 - Blank Project

File View Project Tools Window Help
°
reate Mew Project... - 0

4 [T Blank Project
Hazards

+

Transforms
Systern Responses
Consequences

Risk Analyses

Figure 50 — Create New Project from the Tool Bar.

The project properties will be shown in the Properties Window, which is typically located on the right-hand side of the
main window. You may edit the project name and description.
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Properties > X
4 PROJECT PROPERTIES
Mame Example TotalRisk Project

This is an example application
Description of RMC-TotalRisk.

Created On 10/25/2027 11:27:02 AM
Last Modified | 11/2/2021 1:50:06 PM

File Directory C\Projectsh TotalRisk\Example

Software Version | 1.0

Figure 51 — Project Properties.

Overview of the Risk Analysis Framework

In RMC-TotalRisk, a risk analysis computes the risk associated with a collection of potential failure modes for each
component in the system. A failure mode is composed of a hazard, the system response to the hazard, and the
consequences given the response to the hazard. A non-failure mode is composed of a hazard and the non-failure
consequences given the hazard.

The conceptual risk analysis process for a levee with a single failure mode and a single system component is shown
in Figure 52 below. Beginning in the top left of the figure, the flood hazard is defined by an annual maximum peak
flow-frequency distribution that is estimated using flood-frequency analysis methods. Next, moving to the top right,
peak flow is then transformed to a WSE using a stage-discharge rating curve, which is estimated using a hydraulic
model. Then, moving to the bottom right, the system response function is defined by a probability of failure given
WSE, often derived from engineering analysis and expert elicitation methods. And finally, moving to the bottom left,
the consequences given failure are estimated as a function of WSE. The expected annual consequences are
computed by numerically integrating over these functions following Figure 52. Greater details on the mathematics of
risk analysis are provided in the technical reference [1]. Additional details on risk analysis for flood risk management
can be found in [3] and [4].

Figure 52 illustrates the key inputs for a single failure mode for a single system component. Starting from the top left
of Figure 52 and moving clockwise, the key inputs are as follows:

e Hazard Function: A hazard function describes the exceedance probabilities of various hazard levels. Hazard
functions are also commonly referred to as frequency curves. Examples include annual maximum peak flow-
frequency, peak reservoir pool stage-frequency, and peak ground acceleration.

o Transform Function: A transform function can be used to transform (or convert) the hazard levels from one
type of function to another. For example, a peak flow-frequency function can be transformed to a stage-
frequency function using a flow-to-stage rating curve. Transform functions are optional inputs in TotalRisk.

o System Response Function: A system response function describes the conditional probability of failure for
various hazard levels, such as water surface elevations. System response functions are sometimes referred
to as fragility curves. The system response function defines the failure mode in RMC-TotalRisk.

e Consequence Function: A consequence function describes the consequences of failure or non-failure for

various hazard levels, such as annual maximum peak water surface elevations. Consequence functions are
also sometimes referred to as damage functions.
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Hazard Function Transform Function

SE

Flow
W

Probability Flow
Consequence Function Response Function

P(Failure)

Damage (%)

WSE WSE

Figure 52 - Levee risk analysis process for a single failure mode and a single system component.

The following chapters describe the hazard, transform, response, and consequence function options available in
RMC-TotalRisk.
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Hazard Functions

In RMC-TotalRisk, a hazard function is defined by the exceedance probabilities of various hazard levels, such as
annual maximum peak flow or water surface elevation. Hazard functions are also commonly referred to as frequency
curves. In the risk assessment of dams and levees, the annual maximum peak water surface elevation (or stage) or
the annual maximum peak ground acceleration are typically the primary hazard parameters for evaluating a potential
failure mode [3] [5]. As such, the hazard functions will commonly describe the annual exceedance probability (AEP) of
these hazard levels.

There are 6 options for adding a hazard function to RMC-TotalRisk: Import from RMC-BestFit, import from RMC-RFA,
Parametric, Nonparametric, Tabular, and Composite. The following sections detail each option for adding hazard
functions to RMC-TotalRisk.

RMC-BestFit

The USACE RMC, in collaboration with the Engineer Research and Development Center (ERDC) Coastal and
Hydraulics Laboratory (CHL), developed the Bayesian estimation and fitting software (RMC-BestFit) to enhance and
expedite flood hazard assessments within the Flood Risk Management, Planning, and Dam and Levee Safety
communities of practice [6]. RMC-BestFit can be downloaded from https://www.rmc.usace.army.mil/Software/RMC-
BestFit/. Results from an RMC-BestFit analysis can be imported directly into RMC-TotalRisk.

To import results of an RMC-BestFit analysis, right-click on the Hazards folder in Project Explorer (Figure 53) or
from the Project Menu—>Hazards and select Add RMC-BestFit Hazard.... A dialog will appear where you enter the
name of the hazard function, select the RMC-BestFit project file, and select the Bayesian analysis from the project
that you would like to import.

Project Explorer * X
4 [ Example Project

Y. - .
" b Add RMC-BestFit Hazard... N
:@ Add RMC-RFA Hazard... Name:
; 7% Add Parametric Hazard... | Example BestFit
Fo Add Nonparametric Hazard... | RMC-BestFit Project: | Example BestFit Project.bestfit
E’S Add Tabular Hazard...
¢, Add Composite Hazard... ‘ Bayesian Analysis: = Example Bayesian MCMC ~
[0 Add Mew Group OK @ Cancel

NE
-

Sort Ascending I
gt Sort Descending

Figure 53 — Add RMC-BestFit hazard function option and RMC-BestFit import dialog.

Once satisfied with the import settings, click OK (Figure 53) and the RMC-BestFit hazard function will be added to the
Hazards folder in Project Explorer, the function will be automatically opened into the Tabbed Documents area, and
the input data properties will be displayed in the Properties Window. From here, you can set the Name,
Description, Hazard Type and Hazard Units.

When you create the new RMC-BestFit hazard function, the Hazard Type and Units will automatically be set to
Stage and ft, respectively. The default hazard type and units can be changed by navigating to Tools > Options >
Defaults. See the Default Options section for more details.

The Hazard Type and Units can also be defined using the dropdown menus in the Properties Window (Figure 54).
If the desired hazard type or unit is missing, click the =T~ button to add a new option, if you want to delete an option,
click the ® button. Once the Hazard Type and Hazard Units have been defined, the hazard function is ready to be
used.
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Properties * 0 X
4 RMC-BESTFIT HAZARD PROPERTIES
Mame RMC-BestFit Exarmple
Description
Created On 11/3/2021 2:08:13 PM
Last Modified 117372021 2:08:14 PM
Hazard Type | & +|

. | Flow N x | F
Hazard Units

I Stage W o :I
4 FILE INFO Water Surface Elevation x
Peak Ground Acceleration X ©

RMC-BestFit Project |[orormpreoesomerrapocmoesme—

Bayesian Analysis Example Bayesian MCMC

Figure 54 — RMC-BestFit hazard function properties window.

The Tabbed Document contains three tabs: Graphical Results, Tabular Results, and Parameter Sets. RMC-
TotalRisk provides several tools for exploring the results of the Bayesian analysis. The results will open to the
Graphical Results tab by default as shown in Figure 55.

Graphical Results  Tabular Results Parameter Sets

Frequency Results

The posterior predictive (mean), posterior mode, and Bayesian credible intervals (90% confidence) will be plotted on
the Graphical Results tab. For consistency with other hazard function options, these are labeled as mean, computed,
and confidence intervals, respectively. By default, the hazard function is plotted as a frequency curve, with
exceedance probabilities plotted on the X-axis using a Normal scale, and magnitude on the Y-axis using a logarithmic
scale. You may edit the plot properties, flip the axes, or change the axes scales as desired. RMC-TotalRisk will save
and persist all changes you have made to the plot.




RMC-TotalRisk User Guide

b RMC-BestFit Example X

Graphical Results ~ Tabular Results ~ Parameter Sets

Hazard Distribution
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Figure 55 — Graphical Frequency Results.

Click the Tabular Results tab to view the frequency curve results and the posterior mode summary statistics as
shown in Figure 56. All output posterior parameter sets are available on the Parameter Sets tab as shown in Figure
57. You may sort these tables, copy, or export all values for external use. It can also be useful to generate summary
statistics on the parameter sets column, such as the Mean (of log) () column shown in Figure 58.
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ok ”mc-Bestrit Example >« | NN

Graphical Results ~ Tabular Results Parameter Sets

Frequency Curve Results Surmmmary Statistics

Ex. Probability 95.0%-tile 5.0%-tile Posterior Predictive Posterior Mode Measure Posterior Mode
1E-06 274,719,597 149,203.0999 232,413.6913 203,025.9393 Mean (of log) (W) 441
2E-06 256,348.8164 144,613,844 216,815.313 193,119.9788 Std Dev (of log) (a) 0.2247
5E-06 232,966.1105 138,229.9563 196,976.9876 180,163.4406 Skew (of log) (y) -0.2185
1E-05 216,174.8368 133,269.5669 183,608.3058 170,468.8521 Minimum 0
2E-05 199,918.9159% 128,131.7351 170,837.8707 160,867.4547 Maximum 2,928,186.9371
5E-05 179,866.7893 121,024.9012 154,692.2214 148,319.3772 Mean 29,243.7946

0.0001 165,627.0594 115,255.9803 143,568.2199 138,936.4697 St Dev 15,236.3891

0.0002 152,200.8784 109,568.2697 132,908.9085 129,647.0427 Skewness 1.3626

0.0005 135,093.7101 101,483,551 119,490.1003 117,507.4119 Kurtosis 6.1673
0.001 122,780.6974 95,161.0364 109,791.6143 108,425.8125
0.002 111,153.5638 88,483.0819 100,373.6019 99,425.3104
0.005 96,639.1747 79,165.0418 88,245.9406 87,635.1016
0.01 86,145.6723 71,699.2743 79,314.0293 787774943
0.02 76,202.8316 64,087.8712 70,396.0383 69,944.4056
0.05 63,370.0325 53,557.1197 58,537.4687 58,228.1615
0.1 53,661.6225 45,205.6551 49,448.7793 49,227.2456
0.2 43,574.588 36,551.8279 40,025.7971 39,912.4462
03 37,271.3364 31,201.4168 34,182.2784 34,158.9646
0.5 28,566.3577 23,765.6349 26,102.7837 26,192.8979
0.7 21,736.5409 17,749.6993 19,715.6751 19,877.5596
0.8 18,415.8998 14,704.6525 16,539.5366 16,736.7128
0.9 14,639.693 11,114.04 12,860.6529 13,100.7089

Figure 56 — Tabular Frequency Results.

Graphical Results ~ Tabular Results ~ Parameter Sets

Figure 57 — Parameter Set Results.
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% Mean (of log) (p) Summary Statistics - [m} *
Selected Rows Only
Statistic Value k
10000 _
Minimum 4.30725889251808 1 1 {‘r?
Maximum 4.5010003615668 1 m ___ %
Sum 44099.1567919401 600 - i il
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Less Than Count
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Figure 58 — Summary statistics on parameter sets for Mean (of log) (u).

RMC-RFA

The USACE RMC developed the Reservoir Frequency Analysis (RMC-RFA) software to facilitate hydrologic hazard
assessments within the USACE Dam Safety Program [7]. RMC-RFA produces a reservoir stage-frequency curve with
uncertainty bounds by utilizing a deterministic flood routing model while treating the inflow volume, the inflow flood
hydrograph shape, the seasonal occurrence of the flood event, and the antecedent reservoir stage as uncertain
variables rather than fixed values [5]. RMC-RFA can be downloaded from the following link,
https://www.rmc.usace.army.mil/Software/RMC-RFA/. Results from an RMC-RFA analysis can be imported directly
into RMC-TotalRisk.

To import results of an RMC-RFA analysis, right-click on the Hazards folder in Project Explorer (Figure 59) or from
the Project Menu->Hazards and select Add RMC-RFA Hazard.... A dialog will appear where you enter the name of
the hazard function, select the RMC-RFA project file, select the output type, and select the simulation from the project
that you would like to import.

Project Explorer * 1 ;|

4 [ Example Project

T Add RMC-RFA Hazard X

" b Add RMC-BestFit Hazard... Name:

: @ Add RMC-RFA Hozard... |\ RMC-RFA Example
I |¥& Add Parametric Hazard...

RMC-RFA Project: | Example Dam.rfa.sqlite

o Add Monpararetric Hazard...
o Add Tabular Hazard... Output Type:  Stage-Frequency -
:ﬁ: Add Composite Hazard... ) )

RFA Simulation:  Example Dam v
[ Add Mew Group
2 Sort Ascending 2l @ e

@) Sort Descending

Figure 59 — Add new RMC-RFA hazard function and import dialog.
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Once satisfied with the import settings, click OK (Figure 59) and the RMC-RFA hazard function will be added to the
Hazards folder in Project Explorer, the function will be automatically opened into the Tabbed Documents area, and
the input data properties will be displayed in the Properties Window (Figure 60). From here, you can set the Name,
Description, Hazard Type, Hazard Units, and Hazard and Probability interpolation transforms as shown in Figure
60 below.

Properties * 0 X
4 RMC-RFA HAZARD PROPERTIES

Mame RMC-RFA Example

Description

Created On 4/19/2022 12:22:50 PM

Last Modified 4/19/2022 12:24:35 PM

Hazard Type Stage v 4
Hazard Units ft v =4

4 |NTERPOLATION TRANSFORMS

Hazard Mone .
Probability Mone w

4 FILE INFO

RMC-RFA Project | Example Dam.rfa.sqlite J|

RFA Simulation Example Dam

Figure 60 - RMC-RFA hazard function properties.

As before with the RMC-BestFit hazard function, the RMC-RFA results can be viewed in either graphical or tabular
form. For more information on these viewing options, see the Frequency Results section under RMC-BestFit.

Parametric Function
The parametric hazard option allows the user to define a hazard function using a parametric distribution. To create a
parametric hazard function, right-click on the Hazards folder in Project Explorer (Figure 61) or from the Project

Menu->Hazards and select Add Parametric Hazard.... Next, give the Parametric Hazard function a name and click
OK.

When the new Parametric Hazard function is created, it will be automatically opened into the Tabbed Documents
area, and the parametric function properties will be displayed in the Properties Window. From the properties, you
can set the Name, Description, Hazard Type and Hazard Units. Define the parametric distribution with uncertainty
by setting the Effective Record Length, type of Distribution, and parameters for the distribution. Uncheck the Is
Uncertain checkbox to use the parametric function without uncertainty. Once the parameters have been set, click the
Compute button as shown in Figure 62 to generate and view the parametric hazard function. Further options for
computing the parametric function are available in the Options tab which include bootstrap sampling Confidence
Interval, number of Realizations, PRNG Seed for random number generation, and sample Probability Ordinates.

The parametric frequency results can be viewed in either graphical or tabular form. For more information on these
viewing options, see the Frequency Results section under RMC-BestFit.
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4 [ Example Project

Pl Add RMC-BestFit Hazard...

" @ Add RMC-RFA Hazard..

"5 Add Parametric Hazard...

B Add Nonparametric Hazard...
EE Add Tabular Hazard...

Add Composite Hazard...

[0 Add MNew Group

24 Sort Ascending
ad Sort Descending

Figure 61 — Create new Parametric hazard function.

RMC-TotalRisk User Guide

+ Add Pararmetric Hazard...

Marme:

Parametric Examplel

oK

Cancel

Figure 62 — Parametric Hazard Function properties.

Properties * 0 X
General Options
4 PARAMETRIC HAZARD PROPERTIES
Mame Parametric Example
Description
Created On 11/5/2021 12:01:06 PM P
L ast Modified 11/5/2021 120120 |
Hazard Type Flow v 4
Hazard Units cfs v+
4 DISTRIBUTION
Is Uncertain
Effective Record Length 100 —_ y
Distribution Log-Pearson Type Il &
Farameter Value
Mean (of log] () 3
Std Dev (of log) (g) 0.5
Skew (of log) (y) 0
p Compute

Perform bootstrap analysis

Jm
L
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Nonparametric Function

The nonparametric hazard function option provides an easy way to define a parametric distribution using tabular data
where uncertainty is defined by a single parameter, effective record length (ERL). The longer the ERL, the less
uncertainty and narrower the confidence intervals [1]. The most common use case is copying and pasting a
nonparametric frequency function from another application such as Microsoft Excel®, HEC-FDA, or HEC-SSP, then
enter the ERL to define uncertainty. To create a nonparametric hazard function, right-click on the Hazards folder in
Project Explorer (Figure 63) or from the Project Menu—>Hazards and select Add Nonparametric Hazard.... Next,
give the Nonparametric Hazard function a name and click OK.

Project Explorer * 0 X
4 [T Example Project

' Add RMC-BestFit Hazard...
" @ Add RMC-RFA Hazard..
Add Pararmetric Hazard... Marme:

+ add Menparametric Hazard >

B  Add Nonparametric Hazard... L} Monparametric Example
Eﬂ Add Tabular Hazard...

oK Cancel
Add Composite Hazard.., @

L
ﬁ-oﬁ

&

Add Mew Group

NE
=

Sort Ascending
ad Sort Descending

Figure 63 — Create New Nonparametric Hazard Function.

When the new Nonparametric Hazard function is created, it will be automatically opened into the Tabbed Documents
area, and the tabular function properties will be displayed in the Properties Window. From the properties window,
you can set the Name, Description, Hazard Type, Hazard Units, Hazard and Probability interpolation transforms,
Effective Record Length, and Extrapolation Probability as shown in Figure 64. The hazard and probability
interpolation transforms define how the data is interpolated when sampling values between the specified tabular
ordinates. Effective Record Length is used for estimating uncertainty in the nonparametric function. The
Extrapolation Probability input is used to extrapolate to a less frequent exceedance probability. If the user defined
data already extends beyond the entered value, no extrapolation will be performed.
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Properties 01X
4 NONPARAMETRIC HAZARD PROPERTIES

MNarme Monparametric Exarnple
Description

Created On 8/25/2022 2:51:52 PM

Last Modified 8/27/2022 10:55:56 AM

Hazard Type Flow v 4
Hazard Units cfs v 4

4 |NTERPOLATION TRANSFORMS

Hazard Lagarithmic v

Probability Marmal £-varnate w

4 UNCERTAINTY OPTIONS
Effective Record Length | 100
Extrapolation Probability 0.0001

Figure 64 — Nonparametric Hazard Function properties.

The Tabbed Document for a nonparametric function contains the table where tabular data is entered and a graphical
representation of that data (Figure 65). Data can be entered manually into the table or pasted from another source
such as Microsoft Excel®.

#. Monparametric Example X

EEg EREmED

Hazard Distribution

Exceedance 100.000 =

Probability Flow S k
1 | == 90% Confidence Interval
X Value 1| — Mean {tr?
T | — Median

0.99 500 4 Q
0.5 260 rea
10,000 ~ htd
0.2 1220 s ] +
0.1 1910 5 ] &

0.04 2620 = ]
= 1 -
0.02 3110 - =

1,000 o
0.01 3850 T #
0.004 4310 ]
0.002 5830 i &

100
09939 099 0.9 0.5 0.1 0.01 0001 1E-4 1E-5 1E-6 1E-7
Exceedance Probability [P(X > x)]

Figure 65 — Nonparametric Hazard Function completed flow-frequency function.
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Tabular Function

The tabular hazard function option provides an easy way to define a hazard function using tabular data. The most
common use case is copying and pasting a frequency function from another application such as Microsoft Excel® or
HEC-SSP. To create a tabular hazard function, right-click on the Hazards folder in Project Explorer (Figure 66) or
from the Project Menu—->Hazards and select Add Tabular Hazard.... Next, give the Tabular Hazard function a
name and click OK.

Project Explorer = 0 X
4 [ Example Project

Pl Add RMC-BestFit Hazard...

i ﬁ Add RMC-RFA Hazard... + Add Tabular Hazard... x
i
I =5 Add Parametric Hazard... Marne:

B Add Nonparametric Hazard...
EE Add Tabular Hazard...
:O: Add Composite Hazartﬁ ok Jh"] Cancel

[0 Add MNew Group

Tabular Example

24 Sort Ascending
md  Sort Descending

Figure 66 — Create New Tabular Hazard Function.

When the new Tabular Hazard function is created, it will be automatically opened into the Tabbed Documents area,
and the tabular function properties will be displayed in the Properties Window. From the properties window, you can
set the Name, Description, Hazard Type, Hazard Units, and Hazard and Probability interpolation transforms as
shown in Figure 67. The hazard and probability interpolation transforms define how the data is interpolated when
sampling values between the specified tabular ordinates.

Properties A ﬁ'
4 TABULAR HAZARD PROPERTIES
Mame HE%LE —_ g
Description —_ __
Created On 41 92'2023—3:@%
Last Modified 4/19/2023 3:00:47 PM
Hazard Type Stage v |4
Hazard Units ft v |4
Hazard is Uncertain
4 INTERFOLATION TRANSFORMS
Hazard Mone v
Probability Mormal Z-variate <
Mone
Logarithmic [ |
Mormal Z-variate o

Figure 67 — Tabular Hazard Function properties.
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The Tabbed Document for a tabular function contains the table where data is entered, and a graphical representation
of that data is provided (Figure 68). Uncertainty can be defined around either the hazard or the probability by checking
the Hazard Is Uncertain checkbox in the top left of the document. A distribution must be selected to define
uncertainty, parameters for the selected distribution must be entered for every ordinate in the tabular data. Data can
be entered manually into the table or pasted from another source such as Microsoft Excel®.

B3 stage-Frequency - U < |

[ Hazard ls Uncertain Hazard Distribution

Dhstribution  PERT b
FaaE BEEmD 1| == 90% Confidence Interval k
Al —m
5 Exceedance 610 1 — M:Z?an {ﬂ?
e Probability ] |
Fs®
M i
Min . Max i Rtd
X Likely
(a) () (b} = al}u—_ +
5753 |0952 |096 |0.967 PR (O]
o i
5762 (093 (094 |0949 = ] B
5769 (0409 (092 |0.31 590 #
577.4 (0884 |09 0.912 _
5799 |0678 |07 0.719 i [
5814 (0476 |05 0.526 580
s831 (028 |03 |0326 i
586.1 |0.0861 |0.0996 |0.117 0999 099 09 05 0.1 001 0001 1E-4 1E-5 1E-6 1E-7
386.7 |0.068 | 0.0787 | 0.0827 Exceedance Probability [P(X > x)]
587 5 ONAGT |0 05G8 | 00706

Figure 68 — Tabular Hazard Function completed tabular reservoir stage frequency function.

Data Validation
The input data table has built-in validation. The Tabular Data has the following requirements:

e Hazard values must be in ascending order.
e Probability values must be in descending order since they are exceedance probabilities.

o If uncertainty is defined, uncertain ordinates must contain valid distribution parameters. The uncertainty
bounds must also be ordered.

e Probability values must be between 0 and 1.

When invalid data is entered, the table cell will turn red, and provide a tooltip indicating the source of the error as
shown in Figure 69. In addition, an error message will appear in the Message Window indicating that you must
resolve all errors in the data table.
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Figure 69 — Input Data Validation.

Composite Function

The composite hazard function option allows the user to combine multiple hazard functions into a single function by
weighting the individual input functions. To create a composite hazard function, right-click on the Hazards folder in
Project Explorer (Figure 70) or from the Project Menu->Hazards and select Add Composite Hazard.... Next, give
the Composite Hazard function a name and click OK.

Project Explorer 40X
4 [ Example Project |

' b Add RMC-BestFit Hazards: ]

! ﬁ Add RMC-RFA Hazard... + Add Composite Hazard... X
i

I 7% Add Parametric Hazard... Mame:

B Add Nonparametric Hazard...
5:3 Add Tabular Hazard...
Add Composite Hazard... % GKJh"] Cancel

Composite Exar‘nplel

[0 Add Mew Group

24 Sort Ascending
ad Sort Descending

Figure 70 — Create new Composite Hazard Function.

When the new Composite Hazard function is created, it will be automatically opened into the Tabbed Documents
area, and the composite function properties will be displayed in the Properties Window. From the properties window,
you can set the Name, Description, Hazard Type, Hazard Units, and input Hazard Functions as shown in Figure
71. The Hazard functions table is where the input functions are to be defined. Click the Add Row(s) button in the
Hazard Functions table toolbar to add new rows for input to the composite. The hazard function weights must sum to
1. The user has the option to combine the functions using the probability of union assuming each hazard function is
independent by unchecking the Is Mixture checkbox.
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Properties 01X
4 COMPOSITE HAZARD PROPERTIES

MName Composite Example

Description

Created On 11/5/2021 3:09:12 PM

Last Modified 11/5/2021 3:17:59 P

Hazard Type Flow v 4
Hazard Units cfs v 4

4 |NTERPOLATION TRANSFORMS
Hazard Mone N

Probability None ¥

4 HAFARD FUNCTIONS

Is Mixture
Faoaa BBk

Hazard Function Weight
Parametric Example . 0.9
RMC-BestFit Example ¥ 0.1

RMC-BestFit Example M
Parametric Example

Figure 71 — Composite Hazard Function properties.

The Tabbed Document for a composite function contains a graphical representation of the composite function
(Figure 72).
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Figure 72 — Composite Hazard Function graphical display.

Transform Functions

In RMC-TotalRisk, transform functions will transform from one hazard type into another hazard type. For example, a
peak flow-frequency function can be transformed to a stage-frequency function using a flow-stage rating curve derived
from a hydraulic model.

Linear Function

The linear transform option allows the user to transform a hazard from one type to another using a simple linear
function. To create a linear transform function, right-click on the Transforms folder in Project Explorer (Figure 73) or
from the Project Menu->Transforms and select Add Linear Transform.... Next, give the Linear Transform
function a name and click OK.

Project Explorer > [0 X

4 [ Example Project |
b Hazards

+ Add Linear Transform... X

| Add Linear Transform...
|55 Add Power Transform...
E'a: Add Tabular Transform...

Marme:

b
b
I

Linear Examnple

QK Cancel

[0 Add Mew Group

&5

24 Sort Ascending
ad Sort Descending

Figure 73 — Create new Linear Transform Function.

When the new Linear Transform function is created, it will be automatically opened into the Tabbed Documents area,
and the transform function properties will be displayed in the Properties Window. From the properties window, you
can set the Name, Description, Hazard Type, Hazard Units, Transformed Hazard, Transformed Units, and linear
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transform Parameters as shown in Figure 74. The function is definedasY = a + BX + ¢, where e~N(0,0). If the
Is Uncertain checkbox is un-checked then the Standard Error (0) parameter is removed and only the slope (8) and
intercept () are required.

Properties - 0 X
4 |INEAR TRANSFORM PROPERTIES
MNarme Linear Example
Description
Created On 11/8/2027 9:18:14 AM
Last Modified 11/8/2027 9:18:14 AM
Hazard Type Flow v |4
Hazard Units cfs v 4
Transforrned Hazard | Stage v |+
Transformed Units ft v =4
4 PARAMETERS
Is Uncertain
Minimum X-value |0
Maximum X-value | 100
Parameter Value

Intercept (o) 0
Slope (B) 1
Standard Error (o) L}E

Figure 74 — Linear Transform Function properties.

The Tabbed Document for a linear transform function contains a graphical representation of the function (Figure 75).
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Figure 75 — Linear Transform Function graphical display.

Power Function
The power transform option allows the user to transform a hazard from one type to another using a power function. To
create a power transform function, right-click on the Transforms folder in Project Explorer (Figure 76) or from the
Project Menu->Transforms and select Add Power Transform.... Next, give the Power Transform function a name
and click OK.

Project Explorer 1 XI

4 [ Example Project
b Hazards l

X + Add Power Transform... >

Pl Add Linear Transform.
: | Add Power Transform...
E'a: Add Tabular Transform...

Marme:

Power Examplel

Cancel
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Figure 76 — Create new Power Transform Function.

When the new Power Transform function is created, it will be automatically opened into the Tabbed Documents
area, and the transform function properties will be displayed in the Properties Window. From the properties window,
you can set the Name, Description, Hazard Type, Hazard Units, Transformed Hazard, Transformed Units, and
power transform Parameters as shown in Figure 77. The function is defined as Y = [a X - f)ﬁ] - €, where

e~N(0, o). The standard error o should be in log-space. If the Is Uncertain checkbox is unchecked then the Standard
Error (o) parameter is removed and only the coefficient (), exponent (8), and location (¢) are required.
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Properties * 0 X
4 POWER TRANSFORM PROPERTIES
MNarme Power Exarmnple
Description
Created On 11/8/2027 9:39:51 AM
Last Modified 11/8/2021 9:35:51 AM
Hazard Type Flow « | 4
Hazard Units cfs v 4
Transforrned Hazard | Stage v |+
Transformed Units ft v | =
4 PARAMETERS
Inverse Function ]
Is Uncertain
Minimum X-value |0
Maximum X-value | 100
Parameter Value
Coefficient (o) 1
Exponent (F) 1.5
Location () q
Standard Error (o) 0.1

Figure 77 — Power Transform Function propetrties.

The Tabbed Document for a power transform function contains a graphical representation of the function (Figure 78).
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Figure 78 — Power Transform Function graphical display.

Tabular Function

The tabular transform function option provides an easy way to define a hazard transform function using tabular data.
The most common use case is copying and pasting a transform function (e.g., flow-stage rating curve) from another
application such as Microsoft Excel® or HEC-RAS. To create a tabular transform function, right-click on the
Transforms folder in Project Explorer (Figure 79) or from the Project Menu—>Transforms and select Add Tabular
Transform.... Next, give the Tabular Transform function a name and click OK.

Project Explorer * 0 X

4 [T Example Project
b Hazards I

+ Add Tabular Transform... 4

Add Linear Transfarm...

Marme:

4
]
. Add Power Transform...

Tabular Exarnple

Add Tabular Transform... Ik
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Figure 79 — Create new Tabular Transform Function.
When the new Tabular Transform function is created, it will be automatically opened into the Tabbed Documents

area, and the tabular function properties will be displayed in the Properties Window. From the properties window,
you can set the Name, Description, Hazard Type, Hazard Units, Transformed Hazard, Transformed Units, and
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Hazard and Transformed Hazard interpolation transforms as shown in Figure 80. The hazard and transformed
hazard interpolation transforms define how the data is interpolated when sampling values between the specified
tabular ordinates.
Properties = 0 X
4 TABULAR TRANSFORM PROPERTIES

Mame Tabular Example
Description
Created On 11/8/2021 9:57:51 AM
Last Modified 11/8/2021 9:57:52 AM
Hazard Type Flow « 4
Hazard Units cfs v 4
Transforrned Hazard | Stage v |+
Transformed Units Tt v |4
4 INTERPOLATION TRANSFORMS
Hazard Mone v
Transformed Hazard =~ Mone w

Mone

Lagarithmic [

lag

Figure 80 — Tabular Transform Function properties.

The Tabbed Document for a tabular function contains the table where tabular data will be entered and a graphical
representation of that data (Figure 81). Uncertainty can be defined around the transformed hazard for each tabular
ordinate. A distribution must be selected to define uncertainty, parameters for the selected distribution can be entered
for every ordinate in the tabular data.
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Figure 81 — Tabular Transform Function transforming flow to stage.

Data Validation

The input data table has built-in validation. The Tabular Data has the following requirements:
¢ Hazard and transformed hazard values must be in ascending order.

e If uncertainty is defined, uncertain ordinates must contain valid distribution parameters.

When you enter invalid data, the table cell will turn red, and provide a tooltip indicating the source of the error as
shown in Figure 82. In addition, an error message will appear in the Message Window indicating that you must
resolve all errors in the data table.
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Figure 82 — Input Data Validation.

System Response Functions

System response functions define how a system will respond given a hazard. In RMC-TotalRisk, a system response
function describes the conditional probability of failure for various hazard levels, such as water surface elevations [8]
[1]. Typically, the response function describes the probability of failure for a given hazard level. In dam and levee
safety risk analyses, system response functions are developed for multiple potential failure modes (PFM). Common
failure modes include seepage and piping, erosion and bank caving, and overtopping. It is important to keep the
PFMs distinct in a risk analysis since each PFM can have different consequence outcomes. In RMC-TotalRisk,
system response functions can be defined using an event tree, parametric function, tabular function, bivariate tabular
function, or a composite of multiple functions. The following will go over each input option in detail.

Event Tree Function

RMC-TotalRisk provides the ability to define system response probabilities using an event tree. Event tree analyses
(ETASs) represent the logic of how an initiating event, like a flood or earthquake, can lead to various types of damage
and failure [3]. The event tree consists of a sequence of interconnected nodes and branches [9]. Each node is
associated with an uncertain event (a crack forms in the embankment) or a state of nature (existence of adversely
oriented joint planes). Branches originating from a node represent each of the possible events or states of nature that
can occur. Probabilities are estimated for each node to represent the likelihood for each event or condition. These
probabilities are conditional on the occurrence of the preceding events to the left in the tree. See [1] for more details
on the event tree calculations in RMC-TotalRisk.

To create an event tree response function, right-click on the System Responses folder in Project Explorer (Figure
83) or from the Project Menu->System Responses and select Add Event Tree Response.... A dialog will appear
where you enter the name of the dataset and select an event tree template that you would like to import. This example
will use the Basic template to show the development of an event tree from scratch. However, you can select from a
list of default templates as well as user-defined templates.
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Figure 83 — Create new Event Tree Response Function.

When the new Event Tree Response function is created, it will be automatically opened into the Tabbed Documents
area, and the event tree properties will be displayed in the Properties Window. From the properties window, you can
set the Name, Description, Hazard Type, Hazard Units, Hazard Interpolation, Probability Interpolation, and
selected Event Tree Node properties as shown in Figure 84. The hazard and probability interpolation transforms
define how the data is interpolated when sampling values between hazard and probability intervals.
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Figure 84 — Event Tree Response Function properties.

Terminology
This section provides definitions for the event tree terminology used in RMC-TotalRisk [1].

¢ Node: A branching point in the event tree that signifies a random event in the event tree. This is also
commonly referred to as an event or state. There are four basic node types that define the event tree:

" Initiating Hazard Node: Always the first node in an event tree. This node defines the hazard levels. It is
crucial to relating system response probabilities to the hazard function. For a more accurate assessment
of risk, probabilities should be defined for enough hazard levels to cover nearly the entirety of probability
space. Only hazard levels are entered for this node, not hazard exceedance probabilities.

. Chance Node: Represents the probability that the given event will occur for each hazard level defined in
the initiating hazard node. Probabilities can be defined as a single value for all hazard levels (Single
Value), unique for each hazard level (Multi Value), or from another source (see reference node below).
This is the most fundamental component of an event tree.

D Reference Node: The reference node performs the same task as a chance probability node except that
instead of probability being defined at the node itself, it is defined using a previously added response
function or node in the event tree. The selected function or node can be sampled independently or the
same for all references to the source.




RMC-TotalRisk User Guide

. Remainder Node: This node represents the probability that remains when all other chance node and
reference node probabilities for the current branching point are considered. For example, from a given
event with two potential outcomes the remainder node represents the probability that neither of the
potential outcomes occurs. The remainder probability is computed automatically and is not set by the
user.

e Branch: The line that connects two nodes together.

o End Node: A node that has no downstream branches. The end node defines the end state for a sequence of
events. This is also commonly referred to as a leaf node or terminal node.

o Pathway: A unique sequence of events representing a possible failure progression. The probability of this
pathway occurring is computed as the joint probability of each node in the series that connects the initiating
hazard node to the end node. This is also commonly referred to as path, sequence, connections, or root-to-
node.

o Upstream Nodes: All nodes to the left of a selected node in the tree. The upstream nodes of the selected
node must occur prior to the selected node event. This is also commonly referred to as parent node,
conditional events, or preceding nodes.

o Downstream Nodes: All nodes to the right of a selected node in the tree. The downstream nodes occur after
the selected node event. This is also commonly referred to as child node, conditional events, proceeding
nodes, or subsequent nodes.

¢ Node Probability: The probability that the selected node event occurs conditioned on the occurrence of the
upstream nodes in the tree.

o Event Likelihood: The likelihood, or probability, of a node occurring in the event tree for a given hazard level.
This is the joint probability of the selected node event and all the upstream nodes occurring.

Navigating an Event Tree

The event tree can be moved around the workspace by click-and-holding any mouse button on the background
canvas and dragging the mouse. You can zoom in and out using the mouse wheel. A node or branch will become
highlighted when the cursor is over it. Nodes and branches can be selected by left-clicking on them. Right-clicking on
a node or branch will display the context menu options.

When the mouse cursor is hovering over any node a toolbar will appear just above the node as shown below. The
toolbar options are also available by right-clicking on a node.

€& B+

Figure 85 — Event Tree Node Toolbar.

€< Delete Branches Click to delete all child branches from the target node.
% Copy Branches Click to copy the child nodes into memory to be pasted elsewhere.
[® Paste Branches Click to paste previously copied branches to this node.

+ Add New Branch Click to add a new branch to the node.

When the mouse cursor is hovering over any branch a toolbar will appear just above the branch name as shown
below. The branch toolbar options are also available by right-clicking on the branch. A branch can be renamed by
double-clicking on the branch or through the branch properties.
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Xt

Figure 86 — Event Tree Branch Toolbar.

X

Delete Branch Click to delete the target branch and all child branches from the event tree.

Branch Properties Click to edit branch properties (e.g., name, description, probabilities) directly in the
workspace.

Save Template Save the event tree as a template for future use. This option is only available on initiating
hazard nodes.

Customizing an Event Tree
Tools to customize the look of your event tree can be found in the Options tab within the event tree Properties
Window (Figure 87).

Height Defines the height, in pixels, of each node. Changing the height to greater than 70 will allow the node
names to be on more than 1 line.

Width Defines the width, in pixels, horizontally between each node.

Smooth Defines the smoothness of the connector lines between nodes.

Extend If checked, this option will extend the terminal leaf nodes to the right-most column in the event tree.
Background Color Defines the background color in the event tree workspace.

Gridline Color Defines the background grid line color in the event tree workspace.

Node Fill Defines the fill color for the specified node.

Node Stroke Defines the outline color for the specified node.

Reset If this button is pressed, the options will be reset back to their default settings.

Zoom Scale Defines the current zoom scale factor for the event tree workspace. A value of 1 means that the
event tree is at the base zoom level.
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Figure 87 — Event tree style options.

Building an Event Tree

The following example represents an event tree developed for spillway erosion. The sequence of events are as
follows: Pool elevation rises producing spillway flow, grass in spillway is removed, headcut initiates, headcut
advances to control section, failure of control structure, unsuccessful intervention, breach.

1) Define the hazard. Click on the Initiating Hazard Node branch, Hazard, to select it. Once selected, edit in the
Properties Window under the Selected Branch Properties sub-section (Figure 88). Alternatively, the
branch can be edited by clicking the branch properties button, #¥, in the event tree node toolbar. Change the
name to Pool Elevation and,

2) Use the table editing tools to enter the desired Hazard Levels.
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Figure 88 — Event tree selected node properties editor in the properties window and from the node toolbar options, completed

Initiating Hazard Node.

3) Next, delete the Fail node that was added by default by either clicking the delete button *_in the toolbar or in
the SUB-BRANCHES properties of the Initiating Hazard Node. A message will appear requiring confirmation
of the deletion. Click Yes to confirm deleting the unwanted node.

4) Add the next node in the event tree by clicking the Add Branch button =+ in the node toolbar, right-click node
context menu, or in the SUB-BRANCHES properties section. Using the node properties editor, change the
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name of the new node, add a description, and define the probability of the event for each hazard level defined
in step 1 as shown in Figure 89 below.

MName Grass Rernoval ﬁ
Curation of spillway flow ranges
from 22 days for a peak pool 4._
elevation of 504 feet to 70 days
- for a peak pool elevation 6132
Description feet (BRFL Twn dimensinnal
4 SYSTEM RESPOMSE
Source Multi Value *
Distribution = Triangular M
= e . —
Hazard = 1—r
Level Response Probability _ y *®
. Most }
X Min (a) Likely (<) Max (b) 4 1_ |
591.7 0 0 0 —I_—|—
5594 0.9 097 0.999 I_
597 0.97 0.095 0.899
602 0.09 0.099 0.009 4 ]
607 0.005 0.099 0.009
615.8 0.995 0.999 0.999

Figure 89 —Properties for the Grass Removal probability event tree node.

5) Continue this process of adding nodes and defining the properties until the event tree is complete as shown in
Figure 90 below.
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Figure 90 — Completed spillway erosion event tree.

Event Tree Results

The Tabbed Document contains three tabs: Event Tree, Response, and Diagnostics. RMC-TotalRisk provides
several tools for exploring the results of the event tree analysis. The event tree is built and edited in the Event Tree
tab as discussed in the sections above. The Response tab contains a graphical representation of the system
response function for each hazard level. This is commonly referred to as a fragility curve and represents the
probability of failure for each hazard level defined. The function data can be exported as tabular data using the export
plot data button.
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Figure 91 — System response probability function result from event tree.

The Diagnostics tab contains several tools for reviewing and validating the event tree calculations. Options for
reviewing the event tree results are available on the left side of the Diagnostics tab. Options include Node Filters,
Model Parameters, and Plot Options (Figure 92). Each viewing option is detailed below:

Node Filters
[ ] Show Remainder Modes
Combine Remainder Leaves

[ ] Leaf Modes Only

Model Parameters

1000 *  Monte Carlo [terations

002 Ibu Hazard Level

Plot Options

(@) Event Likelihood
() Correlation to SRP
() Sensitivity Index
() Mode SRP Scatter
() Tabular

Figure 92 — Event tree diagnostic viewing options.

Node Filters Filter the visible plot data.

o Show Remainder Nodes Turns on or off displaying remainder nodes in the results.
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e Combine Remainder Leaves If checked, the terminal remainder nodes are combined in the results. This is
often akin to the probability of non-failure as each remainder node often represents non-fail conditions.

o Leaf Nodes Only If checked, only terminal leaf nodes are displayed. A leaf node is any node that doesn’t
have any child nodes.

Model Parameters Defines how the event tree is analyzed for review.

e Monte Carlo lterations Defines the number of Monte Carlo iterations used to sample the event tree for
diagnostic analysis. If no uncertainty is present, this option is disabled.

¢ Hazard Level Defines the hazard level that the diagnostic results are calculated at.
Plot Options Provides various plots and tables to analyze the event tree results.

e Event Likelihood Displays the likelihood of each node occurring in the event tree for the given hazard level
(defined in the Model Parameters) as a box and whisker plot (Figure 93).

e Correlation to SRP Displays the Pearson’s correlation coefficient for how each node’s sampled probabilities
correlate to the overall system response probability (SRP). Chance nodes will have a positive correlation with
the SRP, whereas remainder nodes will have a negative correlation. The absolute size of the correlation
coefficient indicates the strength of the association with SRP [1]. The nodal correlations to SRP are displayed
as a ranked tornado plot shown in Figure 94 below.

e Sensitivity Index Displays each node’s first-order sensitivity index, or main effect index (Figure 95). This is
the contribution to the output variance. It measures the effect of varying a single node but averaged over
variations in other input parameters. It is standardized by the total variance to provide a fractional contribution.
A node with a high sensitivity index is a good indicator that reducing the nodes uncertainty will have a large
impact on the overall SRP [10, 1].

o Node SRP Scatter This option allows the user to see the sampled values for a given node plotted against the
overall SRP for each Monte Carlo iteration. A node with a strong correlation to SRP will show a clear trend
between the sampled node probability and overall SRP as shown in Figure 96 below.

e Tabular This option allows the user to view the individual node’s sampled probabilities and overall SRP for
each Monte Carlo iteration in the model in table form (Figure 97). Using the table features, verification of node
distribution sampling can be accomplished through the column statistics as shown in Figure 98 below.

Grass Removal q
Headcut Initiates H
Headcut Advances to Control Section ’ [ 1T

Failure of Control Structure

i

Breach |t

Unsuccessful Intervention |+ i
(1T}

Event Likelihood

Figure 93 — Event tree diagnostics event likelihood plot option.
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Figure 94 — Event tree diagnostics tree node correlation to SRP plot.
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Figure 95 — Event tree diagnostics tree node sensitivity indices.
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Figure 96 — Event tree diagnostics tree node probability to SRP scatter plot.
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Figure 97 — Event tree diagnostics tabular output.
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Figure 98 — Column statistics for the Unsuccessful Interventions node’s sampled probabilities confirming that the node distribution
(Triangular) is being sampled correctly.

Parametric Function

The parametric response function option allows the user to define a system response function using a parametric
distribution. To create a parametric response function, right-click on the System Responses folder in Project
Explorer (Figure 99) or from the Project Menu->System Responses and select Add Parametric Response....
Next, give the Parametric Response function a name and click OK.
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Figure 99 — Create New Parametric Hazard Function.

When the new Parametric Response function is created, it will be automatically opened into the Tabbed Documents
area, and the parametric function properties will be displayed in the Properties Window. From here, you can set the
Name, Description, Hazard Type and Hazard Units. The parametric function is defined in the properties window.
Define the parametric distribution by setting the Effective Record Length, type of Distribution, and parameters for
the distribution. Once the parameters have been set, click the Compute button to generate and view the parametric
response function as shown in Figure 100. Further options for computing the parametric function are available in the
Options tab which include bootstrap sampling Confidence Interval, number of Realizations, PRNG Seed for
random number generation, and sample Probability Ordinates.

4 DISTRIBUTION
Is Uncertain
Effective Record Length 100 . _— i
Distribution Ln-Mormal v
Parameter Value
Mean (p) 600
Std Dev (o) 10
p Compute

Perform bootstrap analysis
|

Figure 100 — Parametric Response Function propetrties.

Identical to the RMC-BestFit, RMC-RFA, and Parametric hazard functions, the frequency results can be viewed as
graphical or tabular data. For more information on these viewing options, see the Frequency Results section under
RMC-BestFit.
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Tabular Function

The tabular response function provides an easy way to define a system response function using tabular data. The
most common use case is copying and pasting from another application such as Microsoft Excel®. To create a
tabular response function, right-click on the System Responses folder in Project Explorer (Figure 101) or from the
Project Menu->System Responses and select Add Tabular Response.... Next, give the Tabular Response
function a name and click OK.

Project Explorer > X

4 [T Example Project
k Hazards
5 Transforms

B Systern Responses

! 5 Add Event Tree Response...

~+ Add Tabular Response >

Add Parametric Response.., Mame:

Add Tabular Response... Tabular Example

Cancel

Add Bivariate Response... GK@

Add Composite Response...
Add Mew Group

P o I W

Sort Ascending
b Sort Descending

Figure 101 — Create New Tabular Response Function.

When the new Tabular Response function is created, it will be automatically opened into the Tabbed Documents
area, and the tabular function properties will be displayed in the Properties Window. From the properties window,
you can set the Name, Description, Hazard Type, Hazard Units, and Hazard and Probability interpolation
transforms as shown in Figure 102. The hazard and probability interpolation transforms define how the data is
interpolated when sampling values between the specified tabular ordinates.
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Figure 102 — Tabular Response Function properties.

The Tabbed Document for a tabular function contains the table where tabular data will be entered and a graphical
representation of that data (Figure 103). A distribution must be selected to define uncertainty, parameters for the
selected distribution can be entered for every ordinate in the tabular data. Data can be entered manually into the table
or pasted from another source such as Microsoft Excel®.
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Figure 103 — Tabular Response Function completed tabular probability of failure given reservoir stage.

Data Validation
The input data table has built-in validation. The Tabular Data has the following requirements:

e Hazard values must be in ascending order.
e Probability values must be between 0 and 1.

o If uncertainty is defined, uncertain ordinates must contain valid distribution parameters.

When you enter invalid data, the table cell will turn red, and provide a tooltip indicating the source of the error as
shown in Figure 104. In addition, an error message will appear in the Message Window indicating that you must
resolve all errors in the data table.
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Figure 104 — Input Data Validation.

Bivariate Function

The Bivariate Response function option provides an easy way to define a system response function with two hazards
using tabular data. In many cases a bivariate response function will be defined using the event tree tools. However,
when available a bivariate probability table can be copied and pasted from another application such as Microsoft
Excel®. To create a bivariate response function, right-click on the System Responses folder in Project Explorer
(Figure 105) or from the Project Menu—>System Responses and select Add Bivariate Response.... Next, give the
Bivariate Response function a name and click OK.

Project Explorer * I
4 [ Examnple Project
b Hazards
4 Transforms
B3 System Responses
I Yy ~+ Add Bivariate Response x
15 Add Event Tree Response...
b _ ,
|G Add Parametric Response... Mame:
FO Add Tabular Response... Bivariate Example
Ei% Add Bivariate Response.., L} GK@ Cancel
+2  Add Composite Response...
[ Add MNew Group

NE
e

Saort Ascending
gt Sort Descending

Figure 105 — Create New Bivariate Response Function.
When the new Bivariate Response function is created, it will be automatically opened into the Tabbed Documents

area, and the bivariate function properties will be displayed in the Properties Window (Figure 106). From here, you
can set the Name, Description, Primary Hazard, and Primary Hazard Units. You can also set the Interpolation

74
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Transforms for the Primary Hazard and Probabilities. Finally, the properties window is where the primary and
secondary Hazard Levels are defined. Use the table tools to add the desired hazard levels for the primary and
secondary hazards. The primary and secondary hazard levels must be in ascending order. A weight is required for
each secondary hazard level. The weights are used on the secondary hazard levels during the risk compute to define
a weighted probability associated with each primary hazard level. The weight values must sum to 1. Weights can be

manually entered or automatically calculated using a specified Hazard Function. See [1] for more details on bivariate
hazard properties.

4 PRIMARY HAZARD LEVELS
e:: B [

Hazard Level
2560
2585.5
2550
2603.5
2611
2633.5

4 SECONDARY HAZARD LEVELS

Manually Enter Weights ]
Hazard Function PGA-Frequency -
e:: 23 [
Hazard Level
0.2
0.4
0.6
0.8

Figure 106 — Bivariate Response Function properties.

As the primary and secondary hazard levels are entered in the Properties Window, the table at the top of the
Tabbed Document is automatically updated where each row is a primary hazard level and each column is a
secondary hazard level. To complete the bivariate response function, enter the associated probability of failure in
each cell given the primary hazard (row) and secondary hazard (column) as shown in Figure 107. Below the table is a
graphical representation of the system response functions for each secondary hazard level.
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Figure 107 — Bivariate response function tabbed document.

Composite Function
The composite response function option allows the user to combine multiple response functions into a single function
by weighting the individual input functions. To create a composite response function, right-click on the System
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Responses folder in Project Explorer (Figure 108) or from the Project Menu->Hazards and select Add Composite
Response.... Next, give the Composite Response function a name and click OK.

Project Explorer 40X

4 [ Example Project
b Hazards
b Transforms

B8 System Responses

! 15 Add Event Tree Response...

+ add Composite Response >

Add Parametric Response... Marme:

Add Tabular Response.., Composite Example

ol & g

Cancel

Add Bivariate Response... oK @

]

Ls]
aa

L]

Add Cormnposite Response... %

&

Add Mew Group

NE
=

Sort Ascending
ad  Sort Descending

Figure 108 — Create New Composite Response Function.

When the new Composite Response function is created, it will be automatically opened into the Tabbed Documents
area, and the composite function properties will be displayed in the Properties Window. From the properties window,
you can set the Name, Description, Hazard Type, Hazard Units, and input Response Functions as shown in
Figure 109. The Response functions table is where the input functions are to be defined. Click the Add Row(s) button
in the Response Functions table toolbar to add new rows for.input to the composite. The response function weights
must sum to 1. The user has the option to combine the functions using the probability of union assuming each
response function is independent by unchecking the Is Mixture checkbox.

4 RESPONSE FUNCTIONS
Is Mixture
ez B il
Response Function Weight
02 v 0.999593
0.4 v 0.000290000000000012
0.6 v 7.4899999%990239E-05
0.2 v 4.271000000000449E-05

Figure 109 — Composite Response Function properties.

The Tabbed Document for a composite function contains a graphical representation of the composite function
(Figure 110).
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Figure 110 — Composite Response Function graphical display.

Consequence Functions

Consequence functions in RMC-TotalRisk represent the magnitude of consequences that will occur for a given range
of hazards. In other words, how much life loss or economic damage is expected for a given hazard level and the
associated system response. It is common in dam and levee safety risk analyses for consequence functions to be
defined separately for each PFM because consequence estimates can change depending on which failure mode is
being assessed. For example, an overtopping failure mode may have a very different warning time than an
earthquake driven failure resulting in different life loss estimates. In RMC-TotalRisk, consequence functions can be
defined by importing directly from a LifeSim v 2.0 model, as a tabular function, or as a composite function. The
following will go over each input option in detail.

LifeSim

The USACE-RMC, in collaboration with the Hydrologic Engineering Center (HEC), developed the life loss and
economic damage estimation software LifeSim [11] [12]. LifeSim is an agent-based system for estimating life loss with
the fundamental intent to simulate population redistribution during an evacuation [13]. Life loss and economic
damages are then determined by the hazard (e.g., flooding). LifeSim can be downloaded from the following link,
https://www.rmc.usace.army.mil/Software/LifeSim/. Results from a LifeSim analysis can be imported directly into
RMC-TotalRisk.

To import results of a LifeSim analysis, right-click on the Consequences folder in Project Explorer (Figure 111) or
from the Project Menu—->Consequences and select Add LifeSim Consequence.... A dialog will appear where you
enter the name of the dataset and select the LifeSim project file that contains the desired results.
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Project Explorer = 0 X

4 [ Example Project
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Add Composite Consegquence...
Add Mew Group GK@ Cancel
4 Sort Ascending

&

b Sort Descending

Figure 111 — Create New LifeSim Consequence Function.

Once satisfied with the import settings, click OK (Figure 111) and the LifeSim study results will be imported to the
study. When the new LifeSim consequence function is created, it will be automatically opened into the Tabbed
Documents area, and the function properties will be displayed in the Properties Window (Figure 106). From here,
you can set the Name, Description, Hazard Type, Hazard Units, and Hazard and Consequence interpolation
transforms as shown in Figure 112. The hazard and consequence interpolation transforms define how the data is
interpolated when sampling values between the specified LifeSim results.

The LifeSim Results section contains three important parameters to consider when selecting results from a LifeSim
analysis.

e Consequence: Determines what type of consequence will be selected from the LifeSim results. The options
are Life Loss and $ Damages.

e Starting Hazard: The hazardlevel where consequences begin to occur. This parameter provides a lower
bound for the consequence function. The starting hazard level must be below the lowest value defined in the
imported LifeSim results.

e Combine Zones: If checked, selected LifeSim results are from the entire simulation area. If unchecked,
specific summary zones (regions) must be selected from LifeSim results. LifeSim allows results to be
geographically separated by summary zone allowing for more flexibility when creating consequence functions.




RMC-TotalRisk User Guide

Properties = 0 X
4 LIFESIM CONSEQUENCE PROPERTIES

Mame LifeSim Example
Description
Created On 11/10/2027 2:22:39 PM

Last Modified 11/10/2027 2:24:20 PM

Source LifeSim_Example_Project.fia

Hazard Type Stage v 4
Hazard Units ft v =4
4 INTERPOLATION TRANSFORMS

Hazard Mone v

Consequence MNone v

4 LIFESIM RESULTS

Consequence Life Loss v

Starting Hazard MaM |
Combine Zones

Figure 112 — LifeSim consequence function properties.

The LifeSim consequence function is created in the Tabbed Document. The consequence function is defined by
entering hazard levels (e.g., reservoir pool elevations or river flows) and LifeSim simulation results using the table on
the left. A graphical representation of the function is displayed to the right of the table (Figure 114). There are three
steps to entering each LifeSim result:

1.

2.

Use the table tools to add rows for each desired hazard level (e.g., 2-yr, 10-yr, 50-yr, 100-yr floods). The
hazard levels entered must be in ascending order.

For each defined hazard level, select a LifeSim simulation result from the dropdown menu(s). The Filtered
View checkbox can make it easier to navigate LifeSim results by filtering the cell contents to only contain
results from the selected Simulations/Alternatives/Times of day. For example, in Figure 114 below the only
options in the Alternative column are from the FWOP simulations and the available Hazard Time(s) are based
on the selected Simulation-Alternative combination.

Once a LifeSim simulation result has been selected, multiple distributions will be auto-fit to the data and a
truncated normal distribution will be selected to represent potential consequences with uncertainty at the
specified hazard level. To view, change, or edit the selected distribution click on the button in the Distribution
column cell. A popup appears (Figure 113) that shows the selected distribution, the distributions PDF, and a
histogram of the LifeSim results data for a visual comparison of the distribution fit. Summary statistics are
provided for both the selected distribution and the LifeSim results data including goodness of fit tests for the
distribution and the data.
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Select Distribution for:

Truncated Mormal v p
Mean () 2.229
Std Dev () 3.1579
Min 1]
Max 16
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4 Statistics

Statistic Distribution Data
Minimum 0.0000 0.0000
Maximum 16,0000 16,0000
Mean 35213 2.2200
Mode 2.2290 0.3810
Std Dev 2.3281 3.1579
Skewness 0.7134 1.4327
Kurtosis -3.1843 1.0894
3% 0.3700 0.0000
25% 1er29 0.0000
50% 3.1943 1.0000
75% 50017 3.0000
95% 74324 9.0000
RMSE 1.8241 -
Chi-5gquared 1,387.2853 -
k-5 0.4833 -

Figure 113 - LifeSim result distribution selector control.
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Figure 114 — LifeSim consequence function tabbed document.

Tabular Function

The tabular consequence function option provides an easy way to define a consequence function using tabular data.
The most common use case is copying and pasting from another application such as Microsoft Excel®. To create a
tabular consequence function, right-click on the Consequences folder in Project Explorer (Figure 115) or from the
Project Menu->Consequences and select Add Tabular Consequence.... Next, give the Tabular Consequence
function a name and click OK.
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Figure 115 — Create new Tabular Transform Function.

When the new Tabular Consequence function is created, it will be automatically opened into the Tabbed Documents
area, and the tabular function properties will be displayed in the Properties Window. From the properties window,
you can set the Name, Description, Hazard Type, Hazard Units, Consequence, Consequence Unit, and Hazard
and Consequence interpolation transforms as shown in Figure 116. The hazard and consequence interpolation
transforms define how the data is interpolated when sampling values between the specified tabular ordinates.

Properties * 0 Xl
4 TABULAR CONSEQUENCE PROPERTIES

Mame Tabular Example -
Description y __
Created On 11/15/2021 9:08:43 AM—_ __ |
Last Modified 11/15/2027 9:08:43 AM—:
Hazard Type stage v 4+
Hazard Units ft v ==
Consequence Life Loss v| 4
Conzequence Unit Lives v 4
4 |NTERPOLATION TRANSFORMS
Hazard Mone v
Consequence Meone -

Mone .

Logarithmic Ly

Figure 116 — Tabular Consequence Function properties.

The Tabbed Document for the Tabular Consequence Function contains the table where data will be entered and a
graphical representation of that data (Figure 117). Uncertainty can be defined around the consequence for each
tabular ordinate. A distribution must be selected to define uncertainty, parameters for the selected distribution must be
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entered for every ordinate in the tabular data. Data can be entered manually into the table or pasted from another
source such as Microsoft Excel®.

=8 Tabular examplc < |

Distribution  PERT W .
Consequence Function
EETS BEmD 1 A
Stage Life Loss 1| = %0% Confidence Interval
1| -— Mean {n'?
Min Mcst Masc 30 4 — Median
X oy | likely |,
(c) rga
Levd
592 [0 0 1 iy
¢ +
504 [0 0 1 =
=, 20 ®
sa7 [0 0.1 258 w
L1
62 |0 2 4 s L-”
b}
605|342 [1042 [12.34 b te
610 |12 20 29,58 10
6158 [169 270 |41.22
0

Figure 117 — Tabular consequence function example.

Data Validation
The input data table has built-in validation. The Tabular Data has the following requirements:

e Hazard values must be in ascending order.
o If uncertainty is defined, uncertain ordinates must contain valid distribution parameters.
When you enter invalid data, the table cell will turn red, and provide a tooltip indicating the source of the error as

shown in Figure 118. In addition, an error message will appear in the Message Window indicating that you must
resolve all errors in the data table.
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Figure 118 — Input Data Validation.

Composite Function

The composite consequence function option allows the user to combine multiple consequence functions into a single
function by either weighting the individual input functions or making them additive. A common use case is taking a
daytime consequence function and combining it with a night-time function using a day-night weight ratio. Another
common use case is to take damage functions by structure damage category and aggregate them into a single
damage function. To create a composite consequence function, right-click on the Consequences folder in Project
Explorer (Figure 119) or from the Project Menu->Consequences and select Add Composite Consequence....
Next, give the Composite Consequence function a name and click OK.

Project Explorer 1 XJ
4 [ Example Project
k Hazards

b Transforms l
b Systern Responses + Add Composite Consequence X

D= i

M :
! ‘ Add LifeSim Consequence.., ame
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&, Add Composite Consequence.., I} GK@ Cancel
[0 Add MNew Group

24 Sort Ascending
ad Sort Descending

Figure 119 — Create new Composite Hazard Function.

When the new Composite Consequence function is created, it will be automatically opened into the Tabbed
Documents area, and the composite function properties will be displayed in the Properties Window. From the
properties window, you can set the Name, Description, Hazard Type, Hazard Units, Consequence, Consequence
Unit, Hazard and Consequence interpolation transforms, Additive option for selected inputs, and input
Consequence Functions as shown in Figure 120.
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Properties 01X
4 TABULAR CONSEQUENCE PROPERTIES

MName Composite Example

Description

Created On 11/13/2021 1:21:36 AM

Last Modified 11/15/2021 1:30:33 AM

Hazard Type Stage v 4
Hazard Units ft v |4
Consequence Life Loss v 4
Consequence Unit Lives v | =4
4 |NTERPOLATION TRANSFORMS
Hazard Mone v
Consequence Mone w
4 CONSEQUENCE FUNCTIONS
Compaosite Type Mixture -
=z B iy

Consequence Function Weight

LifeSim Example ~ 0.45
Tabular Exarmple w 0.55 ’

Figure 120 — Composite Hazard Function properties.

The Composite Type provides three options to define how the input functions will be composited:
¢ Additive The input functions will be added together, no weights are required.

e Average The input functions and their uncertainties are combined using a weighted average. The weights
must sum to one.

¢ Mixture The input functions and their uncertainties will be combined as a mixture. The weights must sum to
one. This option results in the same mean as the average method with wider bands of uncertainty in the
composited function.

The Consequence Functions table is where the input functions are selected for composition. Click the Add Row(s)
button £ in the table toolbar to add new rows for input to the composite.

The Tabbed Document for a composite function contains a graphical representation of the composite function
(Figure 121).
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Figure 121 — Composite Hazard Function graphical display.
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Risk Analyses

In RMC-TotalRisk, the risk analysis is composed of three fundamental components: the hazard, system responses to
that hazard, and consequences given response and hazard. These fundamental components are called System
Components. For a given hazard, there can be multiple system response functions, commonly called failure modes,
where each failure mode could potentially have a different consequence outcome. For example, a dam a seepage
failure mode may be slow to progress to breach, which provides more time for people downstream to evacuate;
whereas for a seismic failure mode the population downstream have little time to evacuate. A non-failure mode does
not have a response function. There can only be one non-failure mode per system component. A risk analysis can
have multiple system components, which can represent multiple structures in a system or multiple hazard types for a
single structure. A risk analysis must have at least one system component. A non-failure mode is required to calculate
the risk of non-failure, background risk, and incremental risk. If no non-failure mode is supplied, the non-failure
consequence is assumed to be zero. At least one failure mode is required to calculate incremental, failure, and non-
failure risk. For more details on the quantitative risk analysis framework in RMC-TotalRisk, see the technical reference
manual [1].

Create New Risk Analysis
To create a risk analysis, right-click on the Risk Analyses folder in Project Explorer (Figure 122) or from the Project
Menu and select Add Risk Analysis.... Next, give the Risk Analysis function a name and click OK.

Project Explorer = 0 X

4 [ Example Project
b Hazards

b [0 Transforms ~+ Add Risk Analysis X
b Systern Responses
5

Consequences Marme:

=t Risk Analyses Example_Analysis

=

s0 Add Risk Analysis... b
QK @ Cancel
I Add Mew Group

24 Sort Ascending

gt Sort Descending

Figure 122 - Create new risk analysis.

When the new Risk Analysis is created, it will be automatically opened into the Tabbed Documents area, and the risk
analysis properties will be displayed in the Properties Window (Figure 123).

Risk Analysis Properties

From here, you can set the Name, Description, Consequence, and Consequence Units. The consequence and
consequence units are required, and each consequence function used in the analysis must match the selected
consequence type. Here you can also run the risk simulation once it has been defined. When estimating risk, you can
either Simulate Mean Risk Only which simply uses the mean result from each input function, or you can Simulate
Risk with Full Uncertainty which uses Monte Carlo simulation to estimate risk using the full range of uncertainty
from each input function. To calculate a risk estimate, click the Estimate button.
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Properties - 0 X Properties 0 X
General Options General Options
4 RISK AMALYSIS PROPERTIES 4 SIMULATION OPTIONS
MName Risk Analysis Confidence Interval 0% M
Description Realizations 10000 ”
Created On T/20/2022 9:03:47 AM PRMG Seed 12345
Last Modified 4/22/2023 1:37:13 PM F-M Qutput Length 200
Consequence HfeLoss e 4 INTEGRATION OPTIONS
Consequence Unit Lives v+ Ma: Evaluafions 1000000
4 SIMULATION Max Depth 100
() Simulate Mean Risk Only Tolerance 1E-08
(@ Simulate Risk with Full Uncertainty Use Defaults
P Estimate 4 SYSTEM COMPONENT OPTIONS
Estimate Risk System Component Stage-Frequency M
Failure Maode Methad Cormmon Cause Failures =
Profile Hazard Type | Stage [ft] M
Hazard Threshald 'D—
4 SYSTEM OFTIONS
Compenent Dependency Independent M
Joint Consequences Maximum M
4 RISK MEASURE OFTIONS
Consequence Threshold 0
Alpha 0.0

Figure 123 - Risk analysis properties. The general properties are shown on the left and the risk analysis options are shown on the
right.
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Risk Analysis Options

The risk analysis options can be accessed through the Properties Window in the Options tab (Figure 123). For
typical applications, the default risk analysis options should provide reasonable results out of the box. The following
subsections provided details on the available risk analysis options.

Simulation Options
The simulation options provide settings for the uncertainty analysis and the F-N curve results. The following options

are available:

¢ Confidence Interval (Cl): The width of the confidence interval. For a 90% confidence interval, the value of
interest lies with a 90% probability in the interval. Confidence intervals are only computed after simulating risk
with full uncertainty. The default Cl is 90%.

¢ Realizations: Determines the number of Monte Carlo simulation realizations when simulating risk with full
uncertainty. The default is 1,000 to ensure reasonably accurate confidence intervals and shorter runtimes.
Due to runtime and file size limitations, the maximum number of Monte Carlo realizations allowed is 10,000.
As such, there is a potential for minor sampling errors in the mean risk results and percentiles. It is
recommended to run 10,000 realizations to get the most accurate results.

e PRNG Seed: The pseudo random number generator (PRNG) seed value used within the Monte Carlo
simulation. Using the same seed value ensures repeatability. By changing the seed value, the sequence of
random numbers will change.

¢ F-N Output Length: The number of points used to construct the F-N curves. An F-N curve plots the risk
results with consequences (N) on the x-axis and the exceedance probability, or frequency of occurrence, (F)
on the y-axis. It is recommended to use at least 200 points to improve the accuracy of the curves.

Integration Options

In RMC-TotalRisk, within every Monte Carlo realization, risk is computed using numerical integration. When there is
just a single system component in the risk analysis, the Adaptive Simpson’s Rule (ASR) is used to perform the
numerical integration. The options for the ASR method are as follows:

e Max Evaluations: The maximum number of integrand evaluations allowed when performing numerical
integration. This value must be between 10,000 and 1,000,000. The default value is 1,000,000.

e Max Depth: The maximum recursion depth when performing ASR integration. The default is 100.

e Tolerance: The desired tolerance for the ASR integration. The default is 1078.

When there are two or more system components in the risk analysis, the adaptive importance sampling method
VEGAS is used to perform the numerical integration. The options for the VEGAS method are as follows:

¢ Max Evaluations: The maximum number of integrand evaluations allowed when performing numerical
integration. This value must be between 10,000 and 1,000,000. The default value is 1,000,000.

e Warmup Evaluations: The number of integrand evaluations each warmup cycle. The default is 1,000 - D
warmup evaluations, where D is the number of integrand dimensions (i.e., system components).

e Warmup Cycles: The number of warmup cycles for the adaptive importance sampling method. The default is
5 warmup cycles.

¢ Final Evaluations: After the warmup is completed, the final number of integrand evaluations for the adaptive
importance sampling method. The default is 10,000 final integrand evaluations.

More details on the numerical integration methods employed by TotalRisk are provided in the technical reference [1].

System Component Options
The following system component options are available:

¢ System Component: A system component is composed of three fundamental inputs: the hazard, system
response to that hazard, and consequences given the response and hazard. A system component is
identified and labeled by the selected hazard function. The selected hazard function can only be used once




RMC-TotalRisk User Guide

per risk analysis. A single risk analysis is limited to 20 system components due to virtual memory and
computer runtime limitations. Options are available for how each system component will be computed in the
risk analysis.

e Failure Mode Method: Determines how multiple failure modes are modeled in the risk analysis. By default,
the Common Cause Adjustment (CCA) method is used.

¢ Joint Consequences: If the joint failure mode method is selected, this option determines how the
consequences of joint failures are treated in the risk analysis. The options are additive, average, maximum,
and minimum. By default, when joint failures occur among failure modes in the system component, the
maximum of the joint consequences will be recorded.

In the context of dam and levee safety, additive consequences can be useful when each failure mode has a
different inundation area where the consequences for the joint failure are best represented by adding the
consequences for each inundation area. Average consequences can be used if the inundation areas are
partially overlapping. If each failure mode has practically the same inundation area, then the maximum rule
can be used so that consequences are not overestimated. The minimum rule can be used as a sensitivity or
as a lower bound for risk.

e Profile Hazard Type: The hazard type used for constructing the risk profiles and used for estimating the
probability of exceeding the hazard threshold. The user can choose from the primary hazard function or any
of the hazard-to-response transform functions. For a levee accreditation analysis, the profile hazard type
should be stage or water surface elevation.

o Hazard Threshold: The probability of hazard levels exceeding the threshold will be recorded in the risk
simulation. The default hazard threshold is 0. For a levee accreditation analysis, the hazard threshold should
be the top of levee height or elevation.

System Options:
The system options determine how the system components interact in the risk calculations. The following system
options are available.

e Component Dependency: Determines the dependency between system components in the risk analysis.
The dependency between system components is modeled by the joint probability of the hazard functions. The
options are independent, perfectly negative, perfectly positive, or a user-defined correlation matrix. If the
correlation matrix is selected, a table is presented for the user to enter correlation coefficients between
components. By default, each system component is assumed to be independent of one another.

e Correlation Matrix: This is only available when correlation matrix is selected for component dependency.
Clicking the button will display a table for the user to enter correlation coefficients between system
components.

e Joint Consequences: Determines how the consequences of joint events are treated in the risk analysis. The
options are Additive, Average, Maximum, Minimum, Multiplicative. By default, when joint events occur among
components in the system, the maximum of the joint consequences will be recorded. However, there are
cases where other methods are more appropriate. For example, if the system components have
nonoverlapping inundation areas, then additive consequences would be more appropriate.

Risk Measure Options

RMC-TotalRisk provides additional risk measures that are useful for risk-based design of engineering structures. The
risk measures are computed for the overall system, not the individual system components. The risk measure options
are as follows:

e Consequence Threshold: The probability of consequences equal to or exceeding the threshold will be
recorded in the risk simulation. The default consequence threshold is 0.

e Alpha: The exceedance probability for computing the Value-at-Risk (VaR) and Conditional Value-at-Risk
(CVaR). The default exceedance probability is 1072,

More details on the additional risk measures in TotalRisk are provided in the technical reference [1].




Risk Analysis Tabbed Document
The Tabbed Document for the Risk Analysis contains five tabs: The risk Diagram, F-N Plot, a-n Plot, Summary
Statistics, and Diagnostics. The contents of each tab are detailed below.

Risk Diagram
A risk analysis in RMC-TotalRisk is defined through a diagram as shown in Figure 124 below. The diagram provides
an intuitive way to create and connect the various components of the modeled system.

A risk analysis computes the risk associated with a collection of potential failure modes for each component in the
system. A failure mode is composed of a hazard, the system response to the hazard, and the consequences given the
response to the hazard. A non-failure mode is composed of a hazard and the non-failure consequences given the
hazard.

Figure 124 shows a single system component for a dam safety risk analysis. There is a non-failure mode, shown at
the top of the diagram with the purple line, that connects the hazard function to the non-failure consequences, without
any system response. For many dams, there will often be consequences even if the structure does not fail. For
example, during a major flood event, a dam could activate the emergency spillway, preventing the dam from reducing
downstream flooding. The non-failure mode is used to model the risk of non-failure [1]. There are two failure modes:
1) A spillway erosion failure mode, labelled PFM 1, shown in the center of the diagram connects the hazard function
at Dam A to the PFM 1 response function and consequence function; and 2) A concentrated leak erosion failure
mode, labelled PFM 2, shown in the bottom of the diagram with the same respective connections.
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Figure 124 — RMC-TotalRisk risk diagram.

In the risk diagram, the input functions are connected from left to right, and linked together based on the hazard type
(e.g., stage, flow, etc.) and units (e.g., ft, cfs, etc.) of each function. There cannot be any circular or redundant
connections. As such, the risk diagram is a type of directed acyclic graph (DAG).
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The system components are identified and labeled by the selected hazard function. The failure modes within a
component are identified and labeled by the selected response functions. RMC-TotalRisk permits an unlimited
number of failure modes per component, depending on the selected failure mode method. However, a single system
is limited to 20 components due to virtual memory and computer runtime limitations. For example, the system risk of a
watershed comprising up to 20 dams, each with 20 failure modes, can be assessed.

Creating a Diagram
First, get a feel for working with the diagram. Left-click-drag any open area in the diagram to pan the diagram surface.

Mouse-wheel in and out to zoom the diagram.

Inputs to the risk analysis are designated using nodes in the diagram. Select the desired input function for a node
using the selection box. Left-click-drag on any node to move the node around the diagram. Each node will have
required inputs, shown as a blue circle on the bottom-left side of the node. Node output is shown as an orange circle
on the lower-right side of the node.

There are three ways to add a node to the risk diagram as shown in Figure 125: a) place the mouse cursor over the
large plus symbol in the upper left hand corner of the diagram; b) right-click on any empty space in the diagram to add
at that location; and c) left-click on a node output. The third option has the added benefit of automatically connecting
the new node to the clicked node output.

Sysém Component - Flow-Frequency

H
| " Ii‘ |
J i rd
- & Hazard & Add Hazard L\r |

:
!
| i
“f Transform % S Aol ‘_i_ Flowfrequendy : :
- i i §
! Response s . i Add Response
@® c @& Add Consequence "_'—ﬁ —————————————————— - °
¥ Consequence @& Add Conseguence
4 Add Transform
a) b) c)

Figure 125 - Options to add a new input node to the risk diagram: a) Move cursor over the plus symbol in the upper left corner of
the diagram; b) Right-click on any empty space in the diagram to add at that location; and c) left-click on a node output, this option
will also connect the nodes.

To connect two nodes, left-click-hold on a node output and drag towards the node you want to connect. A line will
appear from the node output to the mouse cursor. Move the mouse cursor over the input of the desired node and
release the mouse button to connect.

Y R -

Click and drag to connect, click to add new

Figure 126 - Instructions for connecting a node to another node. left-click-hold on a node output and drag to the desired node input.
Release the mouse button to finish the connection.

To delete a node, you can either right-click on the node and select delete or click the x that appears in the top-right
corner when the cursor is over the node. To disconnect two nodes, left-click-drag on the input to the connected node
and move the cursor to either another nodes input or remove the connection by clicking in any open space of the
diagram.

There are four fundamental node types in the diagram:
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© Hazard: A hazard function describes the exceedance probabilities of various hazard levels. Examples include
annual maximum peak flow-frequency, peak reservoir pool stage-frequency, and peak ground acceleration. The
system component is identified and labeled by the selected hazard function. There can be multiple connections
made to selected hazard function.

Transform: A transform function can be used to transform (or convert) the hazard levels from one type of function
to another. The required input to this node is the hazard type to be transformed. The node output is the hazard
type that the function is transforming into. Multiple connections can be made from a transform function unless it is
transforming a response function. Multiple transforms can be connected in sequentially. For example, an
unregulated flow-frequency may need to be transformed into a regulated flow and then transformed again from
flow to stage to assess probability of failure on hydraulic structures downstream.

@ Response: A system response function describes the conditional probability of failure for various hazard levels,
such as water surface elevations. The failure modes within a system component are identified and labeled by the
selected response function. There can be multiple failure modes within a system component, each with different
consequences. The required input is the hazard type that was defined by the selected response function. The
output type is the same as the input. There can only be one connection from the output. The response function
also has the option to select if the failure mode is independent of other failure modes within the system
component. If unchecked, the failure mode will be modeled as perfectly negatively dependent of the other failure
modes.

@ Consequence: A consequence function describes the consequences of failure or non-failure for various hazard
levels, such as annual maximum peak water surface elevations. Note that each response node can have a
different consequence node. Also important, a consequence function connected to the hazard node without a
response function is considered the non-failure component of the element. A consequence node has one required
input, the hazard defined by the selected consequence function.

The risk diagram provides the following visual feedback on input data validation:
1 A node with no input selected will be highlighted red.

— A black connection indicates nothing is wrong with the connection, and the units match. But there is not a
completely connected failure mode or non-failure mode. So, this connection will not be included in the risk
calculations.

— A red connection means the connection is not valid. Either the hazard units do not match, or an input hasn’t
been defined for one of the nodes. The risk analysis cannot be computed if there is an invalid connection.

—— A green connection is for valid failure modes. It indicates that every connection in a system component is
valid and failure modes are complete. A system component with green connections for the failure modes
indicates that the component will be included in the risk calculations.

—— A purple connection is for valid non-failure modes. It indicates that every connection in a system component is
valid and the non-failure mode is complete. A system component with purple connections for the non-failure
mode indicates that the component will be included in the risk calculations.

Figure 124 shows the risk diagram for a levee risk analysis. The hazard function is a river peak flow-frequency curve.
Peak flow is transformed to a peak river stage using a flow-to-stage rating curve derived from a hydraulic routing
model. There is a prior to overtopping failure mode (Prior OT) from backwards erosion piping, and an overtopping
(OT) failure mode. There are two failure modes shown with green connectors. The non-failure mode is shown at the
top with the purple connectors. Non-fail consequences are connected directly to the hazard transform function with no
response function in between.
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Figure 127 — Example levee risk diagram.
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Results of the risk analysis can be viewed in the F-N Plot, a-n Plot, and Summary Statistics tabs (Figure 128). The
risk results tabs contain results of the risk analysis shown graphically and in tabular form.

Diagram

rF-I"-J Plot @-nPlot  Summary Statistics r Diagnostics

Figure 128 — Risk results can be viewed in the F-N Plot, a-n Plot, and Summary Statistics tabs.

F-N Plot

The F-N plot has consequences (N) on the x-axis and the exceedance probability, or frequency of occurrence, (F) on
the y-axis [14]. If the hazard function probabilities are defined as an annual frequency, F is an annual exceedance

probability. This type of plot is also commonly referred to as an F-N curve, survival function, or Farmer diagram. A log-
log scale is typically used because the range of probabilities and consequences can span multiple orders of

magnitude.

An example F-N plot is provided below in Figure 129. After simulating risk with full uncertainty, the 90% confidence
interval is shown as a shaded bound. The mean and median curves are also provided. By default, the USACE
tolerable risk limit [8] is also plotted. The tolerable risk limit (or guideline) can be customized or removed from the plot.
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Figure 129 — Example of F-N plot results with confidence intervals and the USACE tolerable risk limit.
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Tolerable risk limits (TRL) can be displayed by selecting from the Tolerable Risk Limits dropdown menu (Figure
129). You can select None, USACE, ANCOLD, or create your own. To add or edit custom limits, press the Edit/Add
Tolerable Risk Limits button (Figure 130). The tolerable risk limit editor will appear (Figure 131). Finally, the plot
extents can be automatically set to the selected TRL extents by checking the Set TRL axis extents checkbox.

Tolerable Risk Limits: | USACE v {g [+] Set TRL axis extents
Edit/Add Tolerable Risk Limits

Figure 130 - Tolerable risk guideline viewing options for graphical risk results in RMC-TotalRisk.
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Figure 131 - Tolerable risk guideline editor.
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Each risk result tab has options to filter which results are available. To filter results, click the button H next to Filter
Results near the top of the risk results tab. Use the checkboxes (Figure 132) to display which risk components and
types to show in both the graphical and tabular results. Risk components include the overall system risk, all elements
within the system, and all failure modes within each element. There are 5 types of risk reported in RMC-TotalRisk [1].
Each risk type is calculated for a range of probable hazard events.

Incremental Risk: The incremental risk of failure of the system. Incremental consequences are the
incremental losses or damages that failure might inflict over and above any damage which might occur for the
same event assuming the structure does not fail. The incremental risk is computed with the product of the
probability of the hazard P(H), the probability of failure given hazard P(F|H), and the incremental
consequences from failure (C, = Cr — Cyr).

Background Risk: Background risk is defined as the risk of the structure assuming that it has no structural
flaws or vulnerabilities. In other words, if all the structural vulnerabilities were eliminated, the

remaining risk would be the background risk from natural hazards. Background risk is computed with the
product of the probability of the hazard P(H) and the consequences from non-failure (Cyg).

Total Risk: The overall risk of the system (or component), which is the sum of the failure risk and non-failure
risk. In some USACE publications, total risk has been referred to as residual risk, i.e., the risk that remains [4]
[8] [15]. Proper estimation takes into consideration all the potential hazard sources, their likelihoods of
occurrence, and their potential consequences.

Failure Risk: The risk from failure of the system. The failure risk is computed with the product of the
probability of the hazard P(H), the probability of failure given hazard P(F|H), and the consequences from
failure (Cr).

Non-Failure Risk: The risk from non-failure of the system. For infrastructure such as dams and levees, there
will often be consequences even if the structure does not fail. For example, during a major flood event, a dam
could activate the emergency spillway, preventing the dam from reducing downstream flooding. The non-
failure risk is computed with the product of the probability of the hazard P(H), the probability of non-failure
given hazard {1 — P(F|H)}, and the consequences from non-failure (Cyr).
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Incremental
[ ] Background

% sk analysis < |

Diagramn  F-MPlot  a@-nPlot  Summary Statistics

[ElFilter Results  Tolerable Risk Limits:  USACE

[] Total
[ ] Failure 1E-002 3
[ ] Mon-Failure ]
> ALTERMATIVES = 1
Al 1E-003 Tea

4 RISK ANALYSES - 1~
4 Risk Analysis &0 ]
4 [ | DamA T
4 [] Failure Modes 2 1E-004 5
[ ] DamA-PFM1 G 3
[ ] DamA-PFM2 8§ :
o |

& 1E-0054—

Figure 132 - Options to filter what risk results you want to view. Clicking a checkbox will show the results of that component of risk
in the graphical and tabular risk results.
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a-n Plot

Risk results can be viewed with the a-n Plot (pronounced as “alpha-N"), which is a commonly used in the USACE
dam and levee safety programs for plotting incremental risk. In this plot, the conditional mean consequences (n) are
plotted on the x-axis and the exceedance probability (a) on the y-axis. Like the F-N plot, a log-log scale is typically
used because the range of probabilities and consequences can span multiple orders of magnitude.

In the USACE dam and levee safety programs, this plot has been traditionally called the f - N plot. However, in
probability and statistics, f is universally used as the symbol for the probability density function, not an exceedance
probability. Therefore, to avoid any unnecessary confusion and to be consistent with other disciplines, RMC-TotalRisk
uses a as the symbol for exceedance probability.

The a-n plot is only available for the risk of failure and incremental risk. Both risk types have the same exceedance
probability, ap = a,. Total risk and background risk are both unconditional expectations where a = 1. The risk of non-
failure is a conditional expectation, where ayr = 1 — ap. However, a, is typically very close to 1, so there is no
reason to plot it.

Figure 133 shows an a-n plot after simulating risk with full uncertainty. The uncertainty is portrayed as a scatter cloud.
To improve the visibility of this plot, the uncertainty scatter is thinned down to ensure a maximum of 1,000 points per
system risk component. The mean incremental risk result for the overall system is shown as a red diamond. The
incremental risk has an exceedance probability a, = 8.7621e° and conditional mean incremental consequences

na = 127.9035. Stated another way, the mean annual probability of failure is 8.7621e~°, and if the dam were to fail,
the expected incremental life loss would be 127.9035. The diagonal of the a-n plot is equal to the product of a and n,
which is the unconditional mean consequences, E[N] = a - = 1.1207e73.
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Figure 133 — a-n plot displaying incremental risk results as the exceedance probability (a) and conditional mean consequences (1).
USACE Tolerable Risk Limits are being shown in the plot.
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Summary Statistics
The Summary Statistics tab displays result statistics for each of the filtered risk measures (Figure 134). Each column
in the table is explained below:

e Component: The overall system, the individual system components, and each failure mode within each
system component. The overall system is labelled by the name of the risk analysis. The system components
are labelled by the name of the selected hazard function. The failure modes are labelled by the hazard
function and the selected response function.

e Risk Type: There are 5 types of risk reported in RMC-TotalRisk: Incremental, Background, Total, Failure, and
Non-Failure.

e Exceedance Probability, a: The exceedance probability of system failure. This probability is 1 for
Background Risk and TotalRisk. For Non-Fail Risk, this is 1 minus the failure probability, which is often very
close to 1.

¢ Conditional Mean, n: The mean (or expected) consequences given system failure. The product of the
exceedance probability (a) and the condition mean (n) is equal to the unconditional mean, E[N] = a - n. This
measure is applicable for Incremental and Failure Risk where the probability of failure is explicitly considered.

¢ Mean, E[N]: The mean (or expected) consequences are a probability weighted average over all hazardous
events. In flood damage assessments this term is commonly called Expected Annual Damage (EAD).

e Standard Deviation, o: The standard deviation of the consequences N. This provides a measure of deviation
from the mean, E[N]. If two alternatives have the same mean, E[N], the one with the smaller standard
deviation is considered less risky.

Figure 134 - Summary statistics from a risk analysis - risk results in RMC-TotalRisk.
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Diagnostics

RMC-TotalRisk provides several diagnostics for exploring the Monte Carlo simulation results for a risk analysis. If no
uncertainty has been defined in the risk analysis inputs, the diagnostic tools provide limited value. The following
subsections describe the available risk analysis diagnostics.

Integration
The integration diagnostics include an estimate of the standard error of the computed total risk for the system, and the

number of integrand function evaluations performed during the risk simulation. The diagnostics are graphically
displayed as a kernel density or cumulative distribution plot. Summary statistics, including the mean, standard
deviation, and key percentiles are provided in a table. Figure 135 shows an example of the integration diagnostics for
the number of function evaluations performed during the simulation. For this example, 121 function evaluations were
performed on average for each Monte Carlo realizations.
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Figure 135 - Example of integration diagnostics.
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Risk Measures
RMC-TotalRisk computes six risk measures for all five risk types:

Exceedance Probability, a: The exceedance probability of system failure. This probability is 1 for
Background Risk and TotalRisk. For Non-Fail Risk, this is 1 minus the failure probability, which is often very
close to 1.

Conditional Mean, n: The mean (or expected) consequences given system failure. The product of the
exceedance probability (a) and the condition mean (n) is equal to the unconditional mean, E[N] = a - n. This
measure is applicable for Incremental and Failure Risk where the probability of failure is explicitly considered.

Mean, E[N]: The mean (or expected) consequences are a probability weighted average over all hazardous
events. In flood damage assessments this term is commonly called Expected Annual Damage (EAD).

Standard Deviation, o: The standard deviation of the consequences N. This provides a measure of deviation
from the mean, E[N]. If two alternatives have the same mean, E[N], the one with the smaller standard
deviation is considered less risky.

Consequence Threshold Probability: The probability that the user-specified consequence threshold will be
exceeded.

Value-at-Risk (VaR): A risk measure that estimates the minimum consequences for a user-specified
exceedance probability (a).

Conditional Value-at-Risk (CVaR): A risk measure that estimates the conditional mean (or expected)
consequences for a user-specified exceedance probability (a).

Please see the technical reference manual [1] for mathematical details on these risk measures.

As shown in Figure 136, select the desired Risk Type and the Risk Measure from the dropdowns to view the results.
You can view the distribution as a Kernel Density or as a Cumulative Distribution using the radio buttons at the
bottom of the plot (Figure 137). Summary statistics of the distribution are displayed in the upper right-hand corner
(Figure 137).
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2

Figure 136 - Select the risk type and risk measure to display results.
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Figure 137 - Risk measure diagnostic tools in RMC-TotalRisk showing the kernel density of the Incremental Conditional Value-at-
Risk (CVaR).
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Risk Profile

A risk profile plots the exceedance probabilities or conditional mean consequences against increasing hazard levels.
The risk profile results can be filtered by System Component and Risk Type. This plot is useful for identifying critical
hazard levels where the probability of failure or risk sharply increases. Figure 138 shows the hazard exceedance
probability for the background risk of Dam A. Since background risk represents the remaining risk from the natural
hazard, this risk profile will match the input reservoir stage-frequency hazard function.
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Figure 138 - Example of a risk profile plot showing the hazard exceedance probability for the background risk at Dam A.

Figure 139 below shows the hazard exceedance probability for the incremental risk at Dam A. There is an inflection
point in the profile near a reservoir stage of 595 ft. The is because PFM 1 (spillway erosion) has a non-zero probability
of failure beginning near this hazard level. This is the point where incremental risk will begin to occur.
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Figure 139 - Example of a risk profile plot showing the hazard exceedance probability for the incremental risk at Dam A.
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Assurance

An assurance plot and summary statistics are provided based on a user-defined profile hazard type and hazard
threshold. This diagnostic is intended to support the National Flood Insurance Program for levees. Please see the
technical reference for more details [1].

Figure 140 below shows an example risk diagram for a levee risk analysis. The primary hazard is river peak flow-
frequency. Peak flow is transformed to a peak river stage using a flow-to-stage rating curve derived from a hydraulic
routing model. There is a prior to overtopping failure mode (Prior OT) from backwards erosion piping, and an
overtopping (OT) failure mode. The top of levee is at a river stage of 65 ft.
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Figure 140 - Example risk diagram for a levee risk analysis.

To compute the assurance, the user must select the Profile Hazard Type and specify the Hazard Threshold for the
desired system component in the risk analysis options as shown in Figure 141:

o Profile Hazard Type: The hazard type used for constructing risk profiles and used for estimating the
probability of exceeding the hazard threshold. For a levee accreditation analysis, the hazard type should be
stage or water surface elevation.

o Hazard Threshold: The probability of hazard levels exceeding the threshold will be recorded in the risk

simulation. For a levee accreditation analysis, the hazard threshold should be the top of levee height or
elevation.
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4 SYSTEM COMPOMENT OFTIONS

System Component Flow-Frequency M
Failure Mode Method Cormmon Cause Failures b
Profile Hazard Type stage [ft] ¥
Hazard Threshold 63

Figure 141 - Setting the profile hazard type and threshold level for the system component.

The assurance diagnostic estimates the uncertainty in the annual probability of inundation (API). The level of
assurance (e.g., the levee can be accredited with 85% assurance) is synonymous with the confidence level, i.e., the
leveed area is inundated with a probability of 0.01 or less, with 85% confidence. To assess the level of assurance with
RMC-TotalRisk, the risk analysis must be simulated with full uncertainty.

After the risk analysis is complete, the user can navigate to the Diagnostics tab, and then the Assurance tab. Figure
142 shows the standard cumulative distribution plot for assurance. The API is on the x-axis, and the non-exceedance
probability of the uncertainty in the API is on the y-axis. For this example, the mean API is shown as a vertical,
dashed blue line at 0.00643. The target level of 0.01 (100-yr), which is shown as a vertical orange line, is shown to
have an assurance level of 84.6%.

If the assurance level is less than 65%, the target level line will be plotted as a vertical red line. If the assurance is
between 65% and 85%, the target level line will be plotted as an orange line. If the assurance is greater than 85%, it
will be plotted as a greed line. In the example below, the assurance of containing the 0.01 AEP event falls between
65% and 85%. Therefore, the levee accreditation recommendation must be supported based on uncertainty, past
system performance, and other factors [16].

4°& Risk - Darnage - TOL=65 X
Diagram  F-NPlot  o-nPlot  Summary Statistics Diagnostics
Integration Systern Component Planning PerE LTEP Mean Std Dev 5.0% 50%, 95.0%
_ Flow-Frequency p/ ’5 1.7600E-001 6.4319E-003 3.6822E-003 1.9267E-003 5.6597E-003 1.3515E-002
Risk Measures ~7
1.00
Risk Profile 1 —coF ! R
I
=2 | &
Aszurance 85%-ile H Q
- 1
Tornado Plot 0.80 i rg
J i (]
K- Plot — g 1 +
= 65%-ile i
Tabular Wl 060 4 1 @
g (o
z ] oY
3 i S
g 0401 !
g 2
o 5
] 2
1 <
0.20 =
i =]
"
b i}
=
] =
0.00 T T T T T T T T T
1.00E-002 1.50E-002 2.00E-002
Exceedance Probability [P(Depth > 0)]
() Kernel Density (® Cumulative Distribution

Figure 142 - Example of the cumulative distribution plot for NFIP assurance.
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Tornado Plot

A tornado plot (Figure 143) is provided so you can visually assess how sensitive the risk results are to the input
functions at each hazard level. The tornado plot is constructed based on the selected System Component, Risk
Type, Sensitivity Measure, and Hazard Level. The inputs are ranked from most sensitive at the top to least sensitive
at the bottom. The sensitivity measure options are Sensitivity Index, Pearson’s Correlation, and Spearman’s
Correlation [1]. The risk sensitivity will typically vary with the hazard level. For example, at low hazard levels, the risk
results might be most sensitive to the uncertainty in response, whereas at higher hazard levels, the results are more
sensitive to the uncertainty in the hazard probability. Change the hazard level to see how the component sensitivity
changes as hazard goes from low to high.

e Risk Analysis X
Diagram  F-MPlot @-nPlot  Summary Statistics Diagnostics
Integration System Component Risk Type Sensitivity Measure Hazard Level
Dam A ¥ Failure ¥ | Sensitivity Index ¥ 11598.1579
Risk Measures
Risk Profile . . k
PFM 2 - Probability of Failure é'“'?
Assurance i &l
Tornade Plot - £
Dam A - Probability of Hazard Foes

K- Plot _ +
Tefiler PFM 1 - Consequence ?

2 &

E_ PFM 1 - Probability of Failure

=

PFM 2 - Consequence :|
< MNeon-Fail » - Consequence :|
< MNon-Fail > - Probability of Nen-Failure [ Sensitivity Results
e o A e e e e R
0 0.05 0.1 0.15 0.2 0.25 03
Sensitivity Index

Figure 143 - Example of a tornado plot for risk diagnostics.
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X-Y Plot

The X-Y plot (Figure 144) is provided to assess the correlation between the different system risk components and
inputs. Results can be filtered by the Risk Type, Risk Measure, X Parameter, and Y Parameter components. For
example, the overall risk of failure at the dam could be the Y parameter, and the risk of failure from an individual
failure mode could be the X parameter. As shown below, the incremental risk of failure mode PFM 2 (concentrated
leak erosion) is very strongly correlated to the incremental risk of the overall system. This means that large changes
to the PFM 2 failure mode will be associated with large changes in the overall system risk. These results align with the

sensitivity results shown in Figure 143.

4 Risk Analysis >

Diagram  F-MPlot o-nPlot  Summary Statistics Diagnostics

Integration Risk Type Risk Measure X Parameter ¥ Parameter
Incremental ¥ Mean, E[N] v Dam A - PFM 2 ¥ Systern Risk v
Risk Measures
1E-002 -
Risk Profile § k
Assurance i éﬂ?
) o @
Ternado Plot 1E-002 Lo o
1 wtd
X-Y Plot 1 &
Tabular 8E-003 —+ @
2] .t &
£ 6E-003
= 1 o ®
= [=]
v 4
J 6’9&3
o
4E-003 a‘;,CD
2E-003 +
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OE+000 — ]
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Dam A - PFM 2

Figure 144 - Example of a X-Y plot for risk diagnostics.




Tabular

Tabular results are provided based on the selected Risk Type and Risk Measure (Figure 145). The table has a
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column for each system component and a row for each Monte Carlo realization. The data in this table can be
exported, copied, or analyzed using the table column tools.

Diagram  F-M Plot

Integration
Risk Measures
Risk Profile
Assurance
Tornado Plot
X-Y Plot

Tabular

2 Risk Analysis

a-n Plot  Summary Statistics Diagnostics
Risk Type:  Incremental hd Risk Measures  Mean, E[M] b
EaEne GEESE
System Dam A Dam A - PFM 1 Dam A - PFM 2
0 0.002187422518206. 0.00218742251820633 2.10574834807521E-05 0.00216636579065377
1 0.000580154644937083 0.000580154644937083 2.58763621194423E-07 0.00057989589735904
2 0.00639904106928797 0.00639904106928797 6.10286265334199E-06 0.00639294118521676
3 0.0033821592017285 0.0033821592017285 3.36203465531844E-05 0.0053485429174228
4 0.00068904332581197 0.00068904332581197 5.7207354816792E-05 0.000631836248015854
5 0.00110734536191593 0.00110734536191593 2.44429098210299€E-05 0.00108290273244188
6 0.000587212189492392 0.000587212189492352 2.9964788035651E-07 0.000586412567739481
7 0.000593316434078281 0.000593316434078281 0.000115394234510184 0.000477922875617824
8 0.000109894073894221 0.000109894073894221 2.08100643787744E-06 0.000107812980972344
9 0.00162652689549521 0.00162652689549521 1.39766435035033E-05 0.00161255063195796
10 0.00104066973535523 0.00104066973535523 1.48639455406601E-05 0.00102580587941059
1 0.00133513341857668 0.00133513341857668 7.76423825024247E-05 0.001257492152066
12 0.00130147697474853 0.00130147697474853 5.47554374400297E-06 0.00129600162050454
13 0.000107392411107169 0.000107392411107169 6.19741352200765E-06 0.000101195008508046
14 0.000557742734885045 0.000557742734885045 2.24950353022381E-05 0.000535247833407332
15 0.000730510351564235 0.000730510351564235 1.04211813179702E-05 0.000720089252173488
16 0.000505543846351084 0.000503543846351084 2.72652970005087E-06 0.000502817344424579
17 0.00288904134329654 0.00288904134329654 2.09289655075914E-06 0.00288654886386241
18 0.000176521240507143 0.000176521240507143 3.88785936178182E-06 0.0001726333871294
19 0.00163892524899036 0.00163892524899036 3.59167935160696E-05 0.00160300900368298
20 0.0023770952728297 0.0023770952728297 6.06057560704814E-06 0.00237103567172887

Figure 145 - Tabular diagnostics tab displays every Monte Carlo realization for the selected risk type and risk measure.

Select a column of interest and right-click on the column header. Then, left-click on the Summary Statistics... option.
A histogram plot and detailed summary statistics will be calculated for the selected column as shown in Figure 146
below.
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Figure 146 - Example of the histogram and summary statistics output for tabular results.
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