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Learning Objectives

* Discuss the basic
framework of a
stochastic simulation

» Describe two kinds of
uncertainty

* Review Monte Carlo
methodology

* Define RMC-RFA
simulation framework
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Guidance
Document for
RMC-RFA

RMC-TR-2018-03
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Hydrologic Hazard Methodology for Semi-
Quantitative Risk Assessments

RMC-TR-2018-03

An Inflow Volume-Based Approach to Estimating
Stage-Frequency for Dams



https://www.rmc.usace.army.mil/

Basic Framework: Two Options -
Stochastic Simulation

Method 1: Precipitation-based approach

Precipitation (in)




Basic Framework: Two Options -
Stochastic Simulation

Method 2: Inflow volume-based approach

Volume(cfs)

AEP

eeeeeeeeeee

uS.ARMY Safety Programs



Two Kinds of Uncertainty

1. Natural variability (aleatory) 2. Knowledge uncertainty (epistemic)
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Natural Variability versus Knowledge
Uncertainty (1 of 2)

1. Natural variability 2. Knowledge uncertainty

Has my dam

ever seen a
4000001 major flood
350,000 ~ event before?
200,000
ﬂzso'om-
e
—
soooo Al L8 :
7
SR

eeeeeeeeeee

uS.ARMY Safety Programs



Natural Variability versus Knowledge
Uncertainty (2 of 2)

The user defined volume-frequency The confidence interval or uncertainty
curve in RFA describes the natural bounds describe the knowledge
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How Uncertainty is Represented
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In statistical terms, the black curve is the
likely distribution to represent the population

of inflow volumes
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However, there is a 90% chance the population

(or parent distribution) could reside anywhere within
these shaded bounds, and a 10% chance the parent

distribution could be outside of these bounds
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Monte Carlo Calculations
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Overview of RMC-RFA Simulation
Framework

Outer Loop
Simulation of kmowledge
urnceramty

N

Go to next realizaton

for inflow vohume

Bootstrap new parameters
frequency curve

|

X 1,000

!

Inner Loop
Simulation of natural
varnahility

~

.

Use stratified sampling
to stochastically generate

probability distribution

~

inflow volume from analytical

7

200 smulations per50

1 probability bins

remaining hydrologic
vanables

i N
Stochastically generate

|

Execute reservoir routing
simulation

|

of reservoir stage using
Total Probability Theorem

i '
Calculate probability quantiles

Calculate incertamty bounds from 1.000 realizations of
quantiles denived from Total Probability Theorem

Two-looped, nested Monte
Carlo methodology:

Outer Loop:

Knowledge uncertainty

* Inflow volume

Inner Loop:

Natural variability

« Seasonality

» Antecedent reservoir stage

* Inflow volume

* Inflow hydrograph shape
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Outer Loop: Knowledge Uncertainty (1 of 4)

For each realization:
Bootstrap new parameters (mean, std. dev, skew)

Inflow volume-frequency curve

Bootstrapping:
Taking (n) samples from a W
distribution

Bootstrapping creates - e
NEW inflow frequency curve /

\

Bootstrap sample size (n) = Same
as effective record length (ERL)

[ User input inflow volume-frequency curve ]
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Outer Loop: Knowledge Uncertainty (2 of 4)

Inflow volume-frequency curve

Bootstrap sample size (n)
= Same as effective
record length (ERL) |l

i
r /
= 100.000

NEW mean L s

NEW standard deviation //
NEW skew




Outer Loop: Knowledge Uncertainty (3 of 4)

BOOtStrap Sample Size (n) 1.01 11 2 HEt'IIJ: e 1,000 10K 100K M 10M
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uter Loop: Knowledge Uncertainty (4 of 4)

Flow (CFS)
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Inner Loop: Natural Variability (1 of 2)

Each inner loop realization has 4 steps:
» Step 1: Sample 10,000 inflows

« Step 2: Randomly sample other variables
= Starting month
= Starting reservoir stage
* Inflow hydrograph shape

« Step 3: Scale the inflow hydrograph and
simulate reservoir routing to compute peak
stages

-+ Step 4: Calculate the probability of stages

Outer Loop
Simmilation of knowledge
uncertainty

N

Go to next realizaton

|

for inflaw volume

Bootstrap new parameters
frequency curve

X 1,000

|

Inner Loop
Smmulation of natural
wvarability

~

-~

o

mflow volume from analytical

-\
Use stratified sampling

to stochastically generate

probability distribution
.

200 smulotions per50
l probobility bins

il A
Stochastically generate

remaining hydrologic
variables

|

Execute reservoir routing
simulation

|

|

Calculate probability quartiles

of reservoir stage using
Total Probability Theorem

Calculate imcertamty bounds from 1,000 realizations of
quantiles derived from Total Probability Theorsm
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Inner Loop: Natural Variability (2 of

2)

50 evenly
spaced bins | | ]
Ifflow Volumie-Freqtiency urye

Importance and stratified sampling approach
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RMC-RFA Simulation: Basic Procedure

Step 1

Bootstrap distribution
parameters

Step 2

Simulate many
thousands of flood
events

Step 6

Construct stage-
frequency curve

Step 5 Step 3

Route flood Sample hydrograph
hydrographs using shapes and scale to
simulated conditions simulated event

Step 4

Sample flood season
and starting pool

L2 18
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RMC-RFA Simulation: Example (1 of 9)

Bootstrapped inflow volume-frequency curve

Monte Carlo netJr Perbd
sampling of: —— | : -

375,000 cfs ‘_.-..-——-
Inflow volume T

375,000 cfs

100.000

Flow (CFS)

10.000

1.000
0.94 09 5 0. 0.01 [.001 1EH E-5 [|1E-6 | 1E-7

. nnua| Exceddance] Probapility




RMC-RFA Simulation: Example (2 of 9)

Monte Carlo
sampling of:

Inflow volume
375,000 cfs
Starting month
May

Starting months developed from flood
seasonality analysis of inflow dataset

o
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RMC-RFA Simulation: Example (3 of 9)

Monte Carlo
sampling of:

Inflow volume

375,000 cfs

Starting month

May

Starting reservoir elevation
724 .4 ft

Reservoir Duration Curve

724.4 feet

" March

U.S. ARMY  Safety Programs
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RMC-RFA Simulation: Example (4 of 9)

Monte Carlo
sampling of:

Inflow volume

375,000 cfs

Starting month

May

Starting reservoir elevation
724.4 ft ~ iShape#5
Inflow hydrograph shape
Shape # 5

22



RMC-RFA Simulation: Example (5 of 9)

Monte Carlo
sampling of:

Inflow volume

375,000 cfs

Starting month

May

Starting reservoir elevation
724 .4 ft

Inflow hydrograph shape
Shape # 5

Dam and Levee
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RMC-RFA Simulation: Example (6 of 9)

User-input hydrograph shape

Scaled hydrograph shape

350,

300.000—
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200.000—]

Flow (CFS)
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RMC-RFA Simulation: Example (7 of 9)

Reservoir Data

Stage-Storage-Discharge Funclion Resarvoir Fealuras

Ordinate

oo~ oo, s W =

Stage (FT)

657.37
659,37
660.37
661,37
662,37
663.37
664,37
665,37
666,37
667.37
668.37
669,37
670.37
671.37
672,37
673.37
G74.37
675,37
676.37
677.37
678.37
679.37
680.37
685.37
680.37

Slorage Discharge

{AC-FT)
0
1
4
n
24
65
119
244
448
T66
1.204
1,767
2492
3413
4,535
5.875
7447
9.243
11,255
13462
15,864
18,450
21232
39,064
64,114

(CF3)
0

o O O o O o | 0 o o o 0 o0 o O o0 0 0| 0 0 o o | D o O

Stage (F1)

77737

757.37—

737,37

697,37

677.37—

657.37

|
0 1.000.000

]
2.000.000
Storage (AC-FT)

I
3.000.000
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RMC-RFA Simulation: Example (8 of 9)

Monte Carlo
sampling of:

Inflow volume
375,000 cfs
Starting month
May

Starting reservoir
elevation

724.4 ft
Inflow hydrograph
Shape #5

Stage (FT)

830.00 4,000,000

A
A

Reservoir stage /\/ \
k‘ow hydrograph

graph

794.80 —

— 3.000.000

— 2,000,000

Outflow hy

— 1.000.000

0

654.00
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RMC-RFA Simulation: Example (9 of 9)

830.00 4,000,000

Monte Carlo &
sampling of: =«~  Peak Stage: 780.5 ft

Inflow volume I
375,000 cfs e
Starting month % 2000000
May 72440
Starting reservoir .

elevation 3020

724 .4 ft

654.00 0

T T T T T T T T T T T T T T T T T T T T T T T T T | | I I
Inflow hydrograph 0 12 24 36 48 60 72 a4 96 108 120 132 144 156 168 180 192 204 216 228 240 252 264 276 288 300 312 324 336 348 360

Time Step (Hours)
Shape # 5

A === Topof Dam=82200FT EA - Spillway =809.00 FT EA — Inflow Design Flood=81400FT 4 —— Stage (FT) E4 — Inflow (CFS) EA —— Discharge (CFS)
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Combining Empirical & Stochastic Frequency

Retum Period
1.01 1.1 2 10 100 1,000 10K 100K ™ 10M
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@ Questions
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