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Teton Dam Failure — 1976

11 killed, %2 billion dollars property damage

e Prompted new
federal
legislation on
dam safety
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Reclamation Public Protection
Guidelines for Dam Safety Risk

Reclamation (2011)

 Public Protection
Guidelines (PPG)

 Rationale

« Examples of Use

Web:
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Reclamation Dam Safety Risk Guidelines

Increasing justification
to reduce or better
understand risks

~

Decreasing-justiﬁcation
to reduce or better
understand risks

N, Estimated Life Loss

http://www.usbr.qov/ssle/damsafety/references.html RECI AM ATION


http://www.usbr.gov/ssle/damsafety/references.html

Reclamation Risk Analysis Equation
and Hydrologic Hazards

Reclamation uses two metrics:

Dam Safety Risk: Risk =P, * PrII * C
Annual Failure
Probability f f :P| * I:)r||

P, = Probability of Load — Hydrologic Hazard —

P, = Probability of Adverse Response Given Load
C = Consequences (or Loss of Life, N)
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Baseline Risk, Risk Reduction, and Design
Floods

« For existing dams and potential Design Standards No. 14

modifications Appurtenant Structures for
« Estimate Baseline Risks Dams (Spillways and Outlet
« Compare to Public Protection Works)

Guidelines

 |nvestigate sufficient information for
loads — Hydrologic Hazard Curves — ERrecg e

November 2013
« Compare to Public Protection

Chapter 2: Hydrologic Considerations

G u I d e I I n eS g?‘lqg;:t andards No. 14isa new document. Chapter 2 of this Design Standard was developedto

[ ] C O n d u Ct I T E RAT I V E rIS k an alyS i S . . lTacj}mcalﬂ prtfcslssas [us"Td }J%t}1F Bu;i:audofég;l]mnz:jtion to ax-'ajluatjl and .SEIEE'E h‘_;dfrolo gic
= s 2 C oadings (including Inflow Design Floods and construction diversion floods) for

d eS I n m O d Ifl Catl O n alte rn atlveS for modif'l?ad and new st orage and multipurpose dams and for appurtenant structures

P ote%ti al risk reduction measures, i vl

an d I D F S e I e Ctl O n S illi;ilit; L;f:dizri:jgailoliiizlce: used for each major task involved with evaluating and
L Eval u ate e aC h rl S k re d u Ctl O n . Exa.millas of selecting the IDF and construction diversion floods are provided in the

appendices.
measure

Risk-based IDF selection:
http://www.usbr.gov/pmts/tech services/engineering/design/DS14-2.pdf
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http://www.usbr.gov/pmts/tech_services/engineering/design/DS14-2.pdf
http://www.usbr.gov/pmts/tech_services/engineering/design/DS14-2.pdf
http://www.usbr.gov/pmts/tech_services/engineering/design/DS14-2.pdf

Why Risk Based Decisions?

 RIsk estimates focused on identified failure modes
are easier to understand for decision makers,
management, our customers and the public.

e Risk is now the primary justification for prioritizing and
pursuing work activities.

* Risk is a convincing tool to explain why the dam
safety program takes actions and how funds are
being expended.

« Complies with Federal Guidelines for Dam Safety
« More comprehensive and consistent evaluations -

less subjectivit
" RECLAMATION



Hydrologic Hazard Guidelines

Guidelines Report
provides details on the
HHA methods and
overall framework.

Reclamation technical
reports for specific
facilities describe
advances In data and
methods

https://sites.google.com/a/alumni.colostate.ed

RECLAMATION

Managing Water in the West

/

s for Evaluating

June 2006 guidelines report

u/jengland/file-

upload/Hydrologic Hazard Guidelines final.p

RECLAMATION


https://sites.google.com/a/alumni.colostate.edu/jengland/file-upload/Hydrologic_Hazard_Guidelines_final.pdf
https://sites.google.com/a/alumni.colostate.edu/jengland/file-upload/Hydrologic_Hazard_Guidelines_final.pdf
https://sites.google.com/a/alumni.colostate.edu/jengland/file-upload/Hydrologic_Hazard_Guidelines_final.pdf

Some Key HHA Concepts

Hierarchy and Risk Process — Agency Specific

Probability Estimates and Full Distributions
needed, with Uncertainty

PMF and Single (Point) Deterministic Flood
Estimate No Longer Adequate — more
Information required

gydkrologic Hazard Curves are the Load Input to
IS

— Peak Flow and Volume Frequency Curves

— 1/1,000 AEP to 1/10,000 AEP (typical for failure
probabillity)

— less than 1/10,000 AEP extrapolation!
Hydrographs; Maximum Reservoir Levels
HHA Methods vary; depend on study level
Multiple HHA Methods Used and Combined

RECLAMATION



HHA Hierarchy and Levels of Study

Risk Analysis and Hydrologic Hazard Levels of Study
(four stages)

— E:(?I%prehensive Facility Review (CFR)/Comprehensive Review

— Issue Evaluation (IE)

— Corrective Action Study (CAS)

— Final Design (FD)

Hydrologic Hazard Products are tailored to the Risk
Analysis (or Design) Level of Study

Approximate levels of effort:
— CR: Low 10 — 20 staff days
— |E: Moderate 25 — 100 staff days
— CAS/FD: High > 100 staff days

RECLAMATION



Hydrologic Hazard Methods
Rainfall-Runoff

construct a space-time extreme
model (rainfall probabillity biggest factor)

generate several large storms from model

model “deterministic” rainfall-runoftf
transformation

produce approximate probability
statements for resultant large flood peaks
and hydrographs.

can use similar rainfall and runoff tools as

PMF technigues
RECLAMATION



Rainfall-Runoff

Hydrologic Hazard Methods:

Method Data Inputs Assumptions Level of Study
rainfall dades/reaionaE flood frequency same shape as rainfall
GRADEX 9ag ) ' frequency with exponential tail, Issue Evaluation
streamflow volumes .
saturated basin
Australian PMP design storm; rainfall Exceedance Probability of PMP; average
Rainfall- frequency; watershed watershed parameter values; runoff Issue Evaluation
Runoff parameters frequency same as rainfall frequency
Precipitation frequency, 6-hr P,T, soil | existing RFC calibration acceptable; runoff
NWS SAC- parameters, snow parameters, frequency approximated by rainfall : :
SMA hourly and 6-hr streamflow frequency; calibrated parameters Rlel(Ee o Tl
(calibration) apply to extremes
ra'n::illl?j?ﬁ:/dueéggedvcz?é?gﬁ é d main inputs defined by distributions; unit
SEFM 9 Y hydrograph; rainfall frequency using Corrective Action
parameters, snowpack, GEV/Imoments
reservoir data
regional et e e diffusive wave runoff; stochastic storm
TREX watershed parameters, ; Corrective Action

snowpack

transposition rainfall frequency

RECLAMATION




Issue Evaluation

Moderate effort (e.g. HEC-1)

Hyd rometeOrOIOgicaI |npUtS (35 staff days meteorologists)

* Precipitation-frequency relationship up to the
PMP

e Storm duration

e Spatial pattern of several storms (2-3) over
watershed

 Temporal pattern of storms

RECLAMATION



ARR Precipitation-Frequency

Australian Rainfall-Runoff method (ARR)

1. Assigns a probability to the PMP,
based on area of the watershed

Recommended
Motional 75% confidence limits

------- Notional upper and low er limits
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Figure 6 Recommended values of AEP of PMP

Nathan and Weinmann, 2000

2. Extrapolates between the credible
limit of extrapolation and PMP using a
2-parameter parabolic function in log-
log space (utilized NOAA Atlas 14)

Credible
limit
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ARR Precipitation-Frequency

Australian Rainfall-Runoff method (ARR)

Assigns uncertainty to the PMP (as calculated using the HMRS)

Trapped Rock Precipitation Frequency
Local Storm
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Duration of Frequency Curve

Determined by:

— Physical properties of storms (based on
nistorical storm data, including DAD tables)

— Flood volume

Trapped Rock Dam, NM
BIA Facility

Limited by:
— ‘Familiar’ durations
6-, 12-, 24-, 48-, or
/2-hours




Storm Selection

Typically select 2-3 storms over watershed

Desirable to select the largest storms of record
Hydrologically significant

Data availability is the limiting factor

Spatial and temporal patterns are created for
these events for use In a rainfall-runoff model

RECLAMATION



Storm Spatial Patterns

Distribution of precipitation over the watershed
— At this level of study, at the sub-basin scale

Isohyetal pattern from
historical storm files

Dec. 1955
Anderson Ranch Dam, ID




Storm Spatial Patterns

Isohyetal pattern from rain
gauge observations
Utilizing a weighting scheme

Feb. 1962
Friant Dam, CA

72-hr Precipitation Maxima, February 1962 storm

Precipitation (in)
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Storm Spatial Patterns

Determined using:

— Historical storm data (DAD tables in HMRs,
nistorical storm files)

— Rain gauge observations (NCDC coop network
and others)

— Radar observations (MPE)
— Satellite observations on occasion

Without a catalog of storms, this process can

be time-consuming!
RECLAMATION



Storm Temporal Patterns

Distribution of precipitation over the watershed in time
— For IE-level studies, limit to the duration of the frequency curve
— On the sub-basin scale
— At the hourly time-step

From rain gauge observations & historical records
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|IE-Level Hydrometeorological Inputs
Recap of Sources

Precipitation-frequency relationship
— ‘Credible limit of extrapolation’ from NOAA Atlas 14 or NOAA Atlas 2
— PMP from HMRs

Storm duration
— Historical storm data, DAD tables

Spatial & temporal pattern of storms
— Rain gauge observations (NCDC COOP, SNOTEL)
— Historical storm data, DAD tables

RECLAMATION



Corrective Action Study

High level of effort (e.g. SEFM)

HydrOmeteOrOIOgical |npUtS (120 staff days meteorologists)
* Precipitation-frequency relationship

e Storm duration

o Spatial pattern of several storms (~15) over
watershed

 Temporal pattern of storms

RECLAMATION



L-moments Precipitation Frequency

 L-moments is a regional statistical method, where space can
by substituted for time.

e Calculated using:

— Annual max precip at rain gauges (e.g. data behind
NOAA Atlas 14)
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Storm Spatial Patterns

Radar derived rainfall for spatial patterns

Tropical Storm Erin
Three-Day Total Precipitation
17-19 August 2007

Precipitation (in) i h J
\ s 1 Y |- %

MPE — Multi-sensor precipitation estimates
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Storm Temporal Patterns

Mass curves from model data
(NCAR-NCEP Reanalysis)
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CAS-Level Hydrometeorological Inputs
Recap of Sources

Precipitation-frequency relationship
— Rain gauge observations from various networks (e.g. NCDC COOP)

Spatial & temporal pattern of storms
— Rain gauge observations (NCDC COOP, SNOTEL)
— Historical storm data, DAD tables
— Radar-derived products (MPE)
— NCAR-NCEP Reanalysis model data

RECLAMATION



Opportunities and Next Steps

1. Opportunities in Extreme Rainfall Observations/Databases
—  Point rainfall data
— Radar data — significant use; better spatial and temporal correlations
— need extreme storm catalog

2. Advances in statistics and data processing methods
—  regionalization techniques
—  storm spatial and temporal patterns
— mapping larger regions, accounting for seasonal variability
— uncertainty estimates

See NRC PFHA Panel 3 Extreme Precipitation
http://www.nrc.gov/public-involve/public-meetings/meeting-archives/research-

wkshps.html RECLAMATION



http://www.nrc.gov/public-involve/public-meetings/meeting-archives/research-wkshps.html
http://www.nrc.gov/public-involve/public-meetings/meeting-archives/research-wkshps.html

Opportunities and Next Steps

3. Physical and Numerical Modeling
—  radar and better resolution models provide better results
— use models for hypothesis testing
— evaluate past events (September 1970; May 2010 Nashville)
— lack of funding restricts research

4. Issues to Address
—  technical complexities (watershed size, different storm mechanisms...)
—  computing resources
—  skilled personnel
—  funding

RECLAMATION



Extra slides/background
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Risk Analysis Key Concepts

Risk Process — Agency Specific

Probability Estimates and Full Distributions
needed for Loads and Responses

Need to quantify RISK

PMF and (Single) Deterministic Floods No
Longer Adequate — more information required

Need to evaluate specific hydrologic PFMs, In
addition to overtopping

Single probability estimate of design flood, such
as ID_Fkor PMF is not enough information and Is
not ris

Need to Estimate Baseline Risk and use Risk
Process for Risk Reduction Analysis

RECLAMATION



Australian Rainfall-Runoff Method

Use ARR rainfall/PMP probability concepts

Customize ARR concepts on spatial/temporal patterns,
runoff models, loss rates and sensitivity by Reclamation

o Estimate rainfall distribution to 1/100 (NOAA 2) or
1/1000 (NOAA 14, state studies)

« Assume rainfall distribution from this AEP to PMP using
ARR shape factors.

« Assign AEP to point PMP from drainage area

« Develop rainfall point to area relationship, temporal
pattern, and spatial pattern

« Use runoff model (e.g. unit hydrograph) with AEP
neutral parameters for losses, lag time, antecedent

floods, Initial reservoir level RECLAMATION



Australian Rainfall-Runoff
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Australian Rainfall-Runoff

Example
varying
temporal B
pattern [EHika
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Australian Rainfall-Runoff

Example
with HEC-1
and
varying:
-loss rate
-lag
coefficient
-temporal
pattern
-upper and
lower
rainfall
estimates

Peak Discharge (ft3/s])
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NRC SE Study Radar
Presentation
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Background and Objectives

Backqground

Extreme storm rainfall & flood design data, standards
and criteria for dams and nuclear power plants
outdated. Climate change?

Unknown risk and safety for new reactors. Potential
costly retrofits.

Objectives

Collect/synthesize extreme storm data since 1973 in
Southeast US

Analyze storm data and examine effects of new storms
on HMR 51 PMP in NC/SC pilot region

Provide guidance to Nuclear Regulatory Commision
on potential changes to PMP estimates for reactor

B RECLAMATION




NC/SC Pilot Region
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Storm Selection

Identified top 24 events in SE since mid-
1970s

. storm rainfall totals in time and space
« Synoptic patterns

Refined number of events to analyze (10)

« precip magnitude, type of data available,
consistent approach

« Isohyet, precip pattern, record rainfalls
Classified TCs based on track climatology
Storm discussions for 10 events

RECLAMATION



Storm Selection and TC tracks
Top 10 Carolinas

Discrimination of Storm Tracks:
Coastal

y

zﬂ??’. ]
Discrimination of Storm Tracks:
West of Appalachians

Storm

Dates

Track Type

Discrimination of Storm Tracks:

Bonnie

26 - 29 August

Coastal

Dennis

28 August - 8 September

Stalled Offshore

Earl

1 - 6 September

East of Appalachians

Ernesto

30 August - 4 September

Coastal

Floyd

14 - 17 September

Coastal

Fran

4 - 8 September

Direct

Frances

3 - 11 September

West of Appalachians

<

Gaston

25 August - 1 September

Coastal

lvan

13 - 26 September

West of Appalachians

Discrimination of Storm Tracks:
Stalled Offshore

Ophelia

5 - 16 September

Stalled Offshore

Discrimination of Storm Tracks:
East of Appalachians

RECLAMATION
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Max Rainfall Locations — Top 10

Sites concentrated near the coast for storms approaching from the Atlantic.
Storms making landfall along the Gulf of Mexico produced highest rainfall totals in
the piedmont and mountain regions.




Data Utilized

TC Tracks
Radar National Mosaics (NCDC)
Surface Weather Maps

NCEP Hydromet Prediction Center
« TC Precipitation daily, storm totals, images

Point Precipitation — Hourly/Daily
MPR — Multisensor Precipitation Reanalysis

SSTs — Sea Surface Temperatures
« ICOADS (monthly, daily)

Precipitable Water (PW) and Specific Humidity
« NCEP/NCAR Reanalysis

RECLAMATION



MPR Data - NCDC

. Radar WSR-88 Digital Precip Array
. Hourly and daily rain gage data (HADS, COOP)
« Combined data set 1 hour, ~4x4 km2

details: Nelson et al. (2010) JHM



Methods

« Depth-Area-Duration estimates (each storm)
. ldentify storm start and end times

« Perform computations on MPR grids to estimate
D-A-D (also bias sensitivity)

« Compute hourly mass curves (gages) for
comparisons

« Moisture Maximization (each storm)
« Estimate maximum moisture available

. Estimate representative storm moisture
« use of NOAA HYSPLIT back-trajectory model

« Compute individual storm maximization factor

« Comparison to HMR 51 (each storm)
« Sensitivity of Max factors and data

RECLAMATION
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Gridded Precipitation
(netCDF data) Accumulation XYP Files
—
XYP
Format : > : NHDS
Accumulation TIF/SHP Files Hourly
| Precip
J, J, Gauge Data
WGS84 UTM
Format Format
|
Gen-:.era?te Compute Extract Mass
Statistics DAD using Curves at
/1 USACE Hourly Sites
Identify Max > Method
Period by /'lf”_\'«?"\_\
Duration /Make DAD Make Mass
Plots by Curve Plots
Storm and by Site and
Duration Storm




Monthly Gridded Sea
Surface Temperatures
(netCDF)

Daily Gridded Sea
Surface Temperatures
(netCDF)

SSTx

Estimated 100-yr
Return Period SST
(warmestmonth ++~ 15
days;mean + 2'stdev)

SSTr
Representative SST
(start date of 24h max)

Maximization

| ConvertSSTto PW
WMO Table

~ | ™~

Individual Storm SST
source location ID

Backward trajectori

Hvoep

es ending

at 1300 UTC 15 Sep 99

CDC1 Meteorological Data

" IPMF=PWx/PWr )
24-hour Back ' Maximization Ratios

Trajectory
Locations

DAD Tables

Maximized DAD =
IPMF*DAD - PMP
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Monthly average SST
estimated from NCEP/NCAR
TCs are in warmest months

Regional Mean Monthly SST

This is not a NOAA product. It was produced by a web us:

Job 1D: 328428 Job Start: Tue Apr 12

Source 1 lat.: 33 lon.:-79  height: 500 m AGL
Trajectory Direction: Backward ~ Duration his

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Sep 2099 - reanalysis

Months




In-place Maximization Factors

Bonnie Dennis Earl Ernesto

mAa1 114 147

._."_;.;= 1.21 Median 1.11 hin= 0.09

x=1.12 Median 1.17 Min= 1.11

distributions
estimated
from
HYSPLIT

U Sed M aX :E; w=1.20 ul._! 3 := s mdia:_l —
value
and median i Dl:ulﬂi?
for sensitivity _

wviax= 1.42 Median 1.22 hn=1.12 hax= 120 Median 1.25 Min= 1.12




Results and Discussion

10 storms analyzed with MPR data

2 storms - Floyd and Fran - exceed HMR 51
PMP at their respective locations (in-place)

Floyd and Fran appear to exceed HMR 51
major storms

Excluded transposition and envelopment
MPR data appear to compare well with gages

RECLAMATION



Individual Storm Analysis- Floyd

Comparison of Hourly Gage and MPR Accumulated Rainfall
Hurricane Floyd: September 14 - 17, 1999

Precip. (in.)
|:| No Precip
I oo0i-010
B o.10025
B 0.25-0.50
B o0.50-1.00
B 1.00-1.50
B 150-2.00
-
I =
[ 4
s
] e

[ 810
1015
B 1520
P 2025

Storm total precipitation for Hurricane Floyd with best storm track from NOAA shown in
red. Hourly precipitation gauge accumulations are overlaid to indicate differences
between gauge and radar estimates.



Floyd —- HMR 51 PMP Comparison

DAD Curves for Floyd 1999

o
2
8
<

600 800 1000

Precip Depth {mm)

Comparison of DADx curves from MPR (solid) and HMR51 (dashed) for Floyd 1999.
Exceedance of HMR51 PMP values are evident where solid lines cross dashed lines of

the same color.



Floyd — HMR 51 24 hour and 72 hr

2589.99

Comparison of PMP values from HMR51 grids and 24-
hour and 72-hour DADx from MPR for Floyd 1999.
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Fran — HMR 51 PMP Comparison

DAD Curves for Fran 1996

o
£
g
o

600 800

Precip Depth {mm)

Comparison of DADx curves from MPR (solid) and HMR51 (dashed) for Fran 1996.
Exceedance of HMR51 PMP values are evident where solid lines cross dashed lines of

the same color.



Fran — HMR 51 6 hour duration

| Franwoes | sh

% diff
-26.98
1082

Comparison of PMP values from HMR51 grids and 6-hour
DADx from MPR for Fran 1996.
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Floyd — HMR 51 Record Storms

DAD Curves for Floyd 1999

—— Floyd 1999
Hearne, TX
Yankeetown, FL

&
£
8
<

Precip Depth {mm)

Comparison of 24-hour DADx curve for
Floyd 1999 with two tropical storms
from HMR51. Floyd exceeds each of
these storms at area sizes greater than
7000 km2.

DAD Curves for Floyd 1999

—— Floyd 1999
Hearne, TX
Yankeetown, FL

Precip Depth {mm)

Comparison of 72-hour DADx curve for
Floyd 1999 with two tropical storms
from HMR51. Floyd exceeds Hearne,
TX below 200 km2 and falls between
the two curves at large area sizes
greater than 10,000 km2.



Comparisons with HMR 51 and

Sensitivity of Methods
For each storm analyzed (10 MPR events)

Comparison in-place with HMR 51 values
» for Key durations

« discrete values from HMR 51 for direct
comparison, from HMR 51 grids (Task 1)

» area sizes determined by storm, intersecting HMR
51 values

Evaluation of Maximization Method
Evaluation of Storm Clipping
Comparisons with 3 TCs used in HMR 51
Radar issues investigated

RECLAMATION



Radar Uncertainties: Precip Estimation

Storm MPR | Ratio
Bonnie | 71.0738 | 36.17 0.51

Comparison of gauge Dennis | 79.7122 | 83.4479 | 1.
(9) and radar-estimated Farl | 65.9051 | 41.6814 | 0.

) precipitation
(r) precip 68.5875 | 67.1569 | 0.98
Ratio calculated as r/g 103.793 | 102.147 | 098 |

Frances | 111,006 | 114.26 | 1.03 |
values less/greater than I

1 indicate under/

overestimates by radar, 46.4617 | 45.1394

respectively

RECLAMATION



Radar Uncertainties: Precip Estimation

Plots of the
differences between
MPR and 30 NHDS
hourly gauges for
Floyd.
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Mean hourly bias
(black dashed line)
from all gauges is
shown.

Hours Since Start
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Moisture Maximization Factors

gridded SST gridded Pw

Max=1.29 Median 1.1 Min=1.01 Max= 1.18 Median 1.13 Min= 1.03

Boxplots of IPMFs for Floyd using gridded SST (left) and gridded PW (right).
The value of n represents the number of combinations from HYSPLIT back-
trajectories. BIG difference in Max; Median is similar



Floyd DAD — Maximization Sensitivity

_ _ DAD Curves for Floyd 1999
Using median

moisture max
(1.10)

24 hr and 72hr
amounts
slightly less
than HMR 51
PMP

Py
AN
S
4
=
©
(O]
=
<

PMP estimates
sensitive!

800 1000 1200

Precip Depth (mm)

Hurricane Floyd DADX plot using the median value of IPMF with SST (solid
lines) compared to PMP values from HMR 51 (dashed lines).
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Floyd DAD — Maximization Sensitivity

Floyd1999

Area Area MPR MPR % diff % diff
(km ) (m| ) HMR51 (max) (medlan) (max) (median)

25 9 1084 59 | 755. 40 644 14 43 58 -68.38

-

-

Comparison of computed DADXx using the median and
maximum and HMR 51 PMP.

RECLAMATION



Potential PMP Increase Locatlons

Based on Floyd — apprOX|mate area affected at 24hr duration and
5000 mi?



Potential Impact Site: Cape Fear River
Basin, Brunswu:k Nuclear Station
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Potential exists for storm track up this ~5300 mi? basin (like Hurricane Fran),

suggesting higher rainfall amounts RECL AMATION



Key Findings

Pilot project in NC/SC centering on MPR data

New data analyses suggest HMR 51 PMP
values too low for durations > 12 hrs and area
sizes > 5,000 mi? along coastal Carolinas (Floyd
and Fran)

Other durations and area sizes unaffected in this
location

Storm maximized values somewhat sensitive to
radar rainfall biases and use of maximized
moisture

Use of median moisture max ratio, Floyd still

close to PMP
RECLAMATION



Potential New Data Impacts — PMP
Unresolved Issues

. Area sizes < 5000 mi2?

« Durations< 12 hrand <6
hr?

« Orographics — western
areas not fully resolved

. Potential reductions in
Piedmont and PMP spatial
resolution compared to
newer data sets/analyses
(NOAA 14)

« Temporal clustering of TC « Longer-duration rainfalls (>
events in August- 72 hr) and soil moisture for
September (1999, 2004, runoff may be changing
2011) factors

RECLAMATION



NRC SE Study PMP uncertainty
and Risk

RECLAMATION



Potential New Data Impacts - PMP

« PMP estimates from HMR 51 in SE US might
Increase based on in-place analyses of
Hurricanes Floyd and Fran

« 6hr, 24hr and 72hr amounts for storm areas
exceeding 5,000 mi?

« can impact coastal watersheds

« Designs based on PMP from HMR 51 might
be insufficient in coastal regions of the
Carolinas by 3 to 17%, depending on duration

« Transposition and Envelopment could
Increase the amounts

RECLAMATION
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Based on Floyd — apprOX|mate area affected at 24hr duration and
5000 mi?



Potential New Data Impacts - PMP

« Clustering of events also may be a previously
unrecognized issue

. May need stronger consideration of pre-storm
events; not just 72hr PMP duration

. 1999: Dennis, Floyd
« Aug 28 - Sept 8; Sept. 14-17
« 2004: Gaston, Frances, lvan, Jeanne
« Aug 25— Sept 1; Sept 3-11; Sept 13-26
o 2011: Irene, TS Lee
« Aug 22 — Sept 22
« Potential strong effect on frequency

RECLAMATION



Potential New Data Impacts - PMP

| Display: Last 30 Days k_ sateite J|_ryorid S

Gridded precipitation totals across the eastern United States for the 30-
day period ending on 22 September 2011, including precipitation from
Hurricane Irene and Tropical Storm Lee. Source:

http://www.srh.noaa.gov/ridge2/ RFC_PVGR/ECLAMATION



Potential New Data Impacts — PMP
Unresolved Issues

. Area sizes < 5000 mi2?

« Durations< 12 hrand <6
hr?

« Orographics — western
areas not fully resolved

. Potential reductions in
Piedmont and PMP spatial
resolution compared to
newer data sets/analyses
(NOAA 14)

RECLAMATION



In-Place Storm Maximization — PMP

here P, is the precipitation with maximized moisture, P, is the observed
precipitation, W, is the maximum precipitable water for the storm reference
location (in place), and W, , Is the observed precipitable water

- W, , — estimated from representative storm
dewpoint

- W, , — estimated from maximum 12-hour
persisting dewpoint (climatology)

RECLAMATION



PMP Sensitivity

Examined Key Factors

Maximum Moisture trends — Climate Change
Impacts?

Frequency Estimates of PMP

« NOAA COOP, NOAA 14 and Regional Freguency
« Precipitation Frequency Ratios

« PMP Frequency Estimates

. Point Frequency Estimates

See H44E-08 Thurs for related work

RECLAMATION



Floyd DAD — Maximization Sensitivity

_ _ DAD Curves for Floyd 1999
Using median

moisture max
(1.10)

24 hr and 72hr
amounts
slightly less
than HMR 51
PMP

Py
AN
S
4
=
©
(O]
=
<

PMP estimates
sensitive!

800 1000 1200

Precip Depth (mm)

Hurricane Floyd DADX plot using the median value of IPMF with SST (solid
lines) compared to PMP values from HMR 51 (dashed lines).
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Floyd DAD — Maximization Sensitivity

Floyd1999

Area Area MPR MPR % diff % diff
(km ) (m| ) HMR51 (max) (medlan) (max) (median)

25 9 1084 59 | 755. 40 644 14 43 58 -68.38

-

-

Comparison of computed DADXx using the median and
maximum and HMR 51 PMP.
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Dewpoint Temperature
Trend Analysis

No significant

3 Trend (Clyr)
trends in Td "' "' < 2on
over land s g — e
Small increase P o
over ocean — ’ ' |
NC coast
PW — p— 1971-2010

approximately |==— - =
statior)l(flj\ry y Li".-.. '-J
Ty

]

Trend analysis for Td for the month of September for each decade during the
period of record for NCEP/NCAR (1948-2010). Only significant trends (alpha >

0.10) are shown
RECLAMATION
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= Sea Surface Temperature

Trend Analysis

Small increase

I Trend (Clyr)
In SST over Rt
ocean — NC %j‘o |
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Trend analysis for SSTs for the month of September for each decade during the
period of record for ICOADS (1960-2010). Only significant trends (alpha > 0.10)
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NOAA Atlas 14 Precip Frequency

Regional Distribution
] GEV
] GLO
] GNO

Regional frequency distribution type selected with region number overlaid



Precipitation Frequency Ratlos

NOAA 14 high
spatial detail
compared to
PMP isolines

high points
along coast,
Appalachians

low In Piedmont

—— HMR51 24h 10 sqmi

NOAA 14 24-hour, 1000-year precipitation with 24-hour, 10 mi? PMP contours
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Precipitation Freqguency Ratios

NOAA 14
underlying
spatial detail
responsible for
the ratio pattern

low ratios along

coast, Ratio (24h PMP/1000-yr)
Appalachian . . -
upslope areas | ‘ =§j

B 4-5
W SC anomaly- _
GLO

Ratios of 24-hour, 10 mi2 PMP from HMR 51 and NOAA 14 24-hour, 1000-yr
precipitation



PMP Freqguency Estimates

NC Regional Distributions SC Regional Distributions

2 (GEV) z 4 (GNO)
3 (GEV) 5 (GEV)

4 (GNO) 13 (GEV)
10 (GNO) 12 {GLO)
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AEP AEP

Regional frequency distributions for North and South Carolina regions. Region
numbers generally increase from coast to inland. Region 12 (GLO) from SC is
anomalous. Distributions extrapolated for each region for PMP ‘point’
comparisons.




PMP Freqguency Estimates

24-hr 10-sgq.mi. PMP Return Period
(years)
] < 1E05
@ 1E05 - 1E06
1E06 - 1E07
@ > 1E07

Return periods of the 24-hour, 10 mi? PMP using regional frequency
distributions.



Point Frequency Estimate

>

Use NOAA 14

Examine return
periods of
maximum
observed point
EEUS

Floyd example

e |
Annual maximum precipitation points at 1-day duration that occurred

"~ RECLAMATION




Point Frequency Estimates

Floyd -
Southport

18.30 in

—4—24-hr

Upper 95%:
240 years

Floyd 1d

Precip {in)

Upper

— | QWer

Model:
374 years

Lower 5%:
900 years

Precipitation frequency curves at Southport 5N, NC, for the 24-hour
duration with upper and lower confidence bounds indicated. The
horizontal red line represents the annual maximum value of 18.30”

during Hurricane Floyd in 1999 RECLAI\/IATION




Key Findings — SE Rainfall

« NoO significant trends found in SST and Td grids;
suggests stationary series for maximization

» Potential for increased temporal clustering of
TC events in August-September (1999, 2004,
2011)

« Longer-duration rainfalls (> 72 hr) and soll
moisture for runoff may be changing factors

« PMP ratios to 1/1000 AEP 24hr rainfall range
from 2 to 6x

« PMP 24hr, 10mi? return periods range from 10>
to > 10/

« Additional efforts needed to address orographics

and piedmont RECI. AMATION



Discussion, Implications, Future Work

Risk perspective:

NOAA 14 extrapolations suggests PMP point
values may be exceeded at 10~ along coast and

less frequent inland

« problems with use of different distributions in space
and extrapolations, especially GLO in W SC

Point frequency estimate confidence intervals
need to be utilized (e.g. observed events)

PMP amounts are ESTIMATES and can be

exceeded

o Uncertainties of PMP estimates can be
guantified for point values

« Further work needed for areal estimate

uncertainties

RECLAMATION



Key Points

« Need Flood RISK Estimates
« EXTREME Flood Probabilities > 1 in 10,000!!!
. Design Rainfalls and Floods Estimates CHANGE!

. Data and Observations from EXTREMES
within Watershed and Region are Required
« Fine-Scale Spatial and Temporal Rainfall
. Flood Hydrographs and Paleofloods

. Integrated Hydrometeorology, Flood Hydrology
and Paleofloods

« Consider Climate Change in Context of
Specific Data and Problem
« Moisture Maximization factors, trends
« Frequency Estimates of PMP; quantify uncertainty

RECLAMATION
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