Flood and Paleoflood Science

Flood frequency in transition regions of mixed-population
flooding with the presence of a high outlier: Sweetwater Creek

for Eagle County Engineering Department, Colorado

Bob Jarrett, U.S. Geological Survey, Lakewood, Colorado
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Problem/Issue

Q100 values using different regional flood-frequency relations for Colorado

for

Sweetwater Creek at mouth & Colorado River

McCain and Jarrett (1976) - Q100 = 2,800 cfs (SEE = 53%)
Kircher and others (1985) - Q100 = 1,520 cfs (SEE = 63%)
Vaill (2000) - Q100 = 1,910 cfs (SEE = 59%)

Capesius and Stephens (2009) - Q100 = 1,540 cfs (SEE = 75%)

Range in Q100 = 1,520 cfs to 2,800 cfs

SEE = Standard Error of Elél te ’ ... is @a measure of the accuracy of predictions.”

What is the 100-yr flood, Q100, (AEP=0.01) four miles upstream from gage”?



Objectives

Problems estimating flood frequency

e Insufficient data for extreme flood

s _ USGS 09061450 SWEETWATER CREEK AT MOUTH NEAR DOTSERO, CO
» Mixed-population flood processes

1976 high outlier
& historic peak
(7,390 cfs)

* Rapid change in flooding over
short distances

* High-outlier and historical floods

» Uncertainty/differences in FF estimates

Overview of paleoflood hydrology

 Methods

Annual Feak Streanflow, in cubic feet

a
1976 1975 1988 1932 1984 1986 1988 1999 1992 1994 1996

* Application to SW '

Conclud'ing __

P

(mixed-population flooding = snowmelt, rainfall, and a combination of rain-on-snow runoff)



Methods

« Multidisciplinary regional paleoflood study
» Help define maximum floods & ages, particularly the largest floods

e Incorporate paleoflood data in robust, flood-frequency analysis

Sweetwater Creek
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Regional Regression Equations for Estimation of Natural Streamflow Statistics in Colorado
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Figure 1. Boundaries of hydrologic regions and Iocations of streamflow gagqing stations in Colorado and adjacent States

{(Modified from Capesius and Stephens, 2009)
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» Approximate storm contributing July 12, 1976, flood (shaded area)

» Sweetwater Creek regional study (blue square)

¥ *July 12,1976, flood =7,390 cfs 6 inches of rain ~90 minutes
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Paleoflood Hydrology

Study of environmental signatures of past floods
to help better understand past, present, and future
flood hazards, and the effects of future climate variability

1976 flood scar
Big Thompson River
at Drake

% USGS

science for a changing world



Types and locations of PaleoStage indicators (PSIs)

Rock Icove with
sequences of
slack-water deposits

Non-inundation
surfaces
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science for a changing world



Types and locations of PaleoStage Indicators (PSls)

Rock alcove with

sequences of : N & Flood stage Erosional scar
slack-water deposits \

Scar on tree
Gravel bar

Low-water channel
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~5,000 yrs old (**C)
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Merced River, Yosemite
National Park, CA

Flood stage on adjacent bank

M Buffalo Creek, Colorado
B Skeena River, British Columbia
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Scar Height Relative to Maximum Flood Stage




Bonneville Glacial Lake Outburst Flood ~15,000 years ago (Snake River, ID)

Flood depth more than 400 feet,
Flood discharge 36 million cfs




When there is a lack of data
for water-resources investigations

® Flood-plain management

» Design of infrastructure in flood plains
* Risk assessments of dam safety

‘ “ * Erosion of bed and bank sediments

 and riparian ecosystem assessments

1976 Big

ris-flow hazard assessment
damage il ,5



Benefits of Paleoflood Research

» Can provide flood data for hundreds to thousands of years

« Complements existing streamflow-gage data

* More robust flood-frequency estimates

» Can evaluate effects of climate variability/change on maximum flooding

e Can be used in many water-resources studies
e.g., reservoir water-storage reallocation (2009 Conference presentation)

Upper Columbia River, Canada -

Bedrock channel with ~10,000

years of paleoflood deposits
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Lower Sweetwater Creek basin

o

_SWC basin

Eagle County S
/ site of interest

Area of less vegetation,
increasing rainfall runoff, .
and debris flows in SWC hasin R



Regional Paleoflood Study Approach

* Analyze regional precipitation data

Analyze regional streamflow data

Collect regional paleoflood data (magnitude and age)

Conduct flood-frequency analysis with paleoflood data

Provide scientific results to water-resources planners and managers

North-central Colo.rado‘ o %USGS

science for a changing world



Extreme Rainfall Data for Colorado Floods in Colorado
w B Eastern Colorado
24 inches B Mtns & West Colo
" Eastern Colorado

Mountains &
Western Colo

1999
Saguache & Dallas Divide
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Unit Discharge, m3/s/km2

0 2000 3000
1000 2000 3000 Gage Elevation, meters
Gage Elevation, meters

2,300 meters ~ 7,500 feet elevation

Summary - Colorado Analyses of Storms and Floods
« small rainstorms and flooding >7,500 ft
e storm footprint In mountains <25 mi?

e rapid transition from snewmelt to rain floods below about 7,500 ft




Paleoflood Methods

Flood Discharge Age of Paleofloods

Validation of flood discharge
using critical-depth method (Qc)
for 36 higher gradient streams
(15 percent)

* Absolute-dating methods

o Critical depth  Linearfi
o Slope conveyance  10g(Qsite) = 0.03 +0.586 log(Qgage)
\ P o]

« 14C of organic material
in flood deposits

m>/s

* OLS

)

* Dendrochronology of
age of trees on flood deposits

8
‘@
w
%
2
]
@
k=
4
R

100 3 1000
Peak discharge at gage, m'/s

« Relative-dating methods

Jarrett & Tomlinson (2000)

Jarrett & England (2002)

For streams with slopes of 0.01+ ft/ft



pes of paleoflood evidence in the Sweetwater Creek area to assess flood height
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Extremely weathered,
very old flood boulders
(stream to left of deposit)
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Lack of flood evidence, non-inundation surfaces
(upper bound of flooding in some length of time)

uneroded
colluvial deposits
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i Mid-channel flood bar deposited
d/s from glacial-outwash boulder

w/ 100+ year old spruce trees
S -_

d Photos for Paleoflood & Ecological Restoration Fieldtrip



Floods and paleofloods Sweetwater Creek and vicinity

Sweetwater Creek at gage
(lower basin)
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Flood and paleoflood deposits Sweetwater Creek and vicinity

Sweetwater Creek
(middle & upper basin) &




Flood-frequency relations
Sweetwater Creek at USGS streamflow-gaging station
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Flood frequency for Sweetwater Creek at gage
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Averaged B17B and EMA Flood-Frequency Analyses
Recurrence Interval B17B results EMA results
Years cfs cfs
2 300 390
10 920 1,100
50 2,000 2,300
100 2,600 2,900
500 4,700 4,800
1,000 - - 5,800
5,000 - 8,600
10,000 0,000

Recallr flood—frequency range was 1,520 cfs to 2,800 cfs
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Peak Discharge vs Elevation for Mainstem Sweetwater Creek
Eagle County, Colorado

Range in peak discharge
July 12, 1976

Range in Q100
with paleoflood
A dataat USGS gage

Blended flood-
frequency curve
w/ paleoflood data

Eagle County
site of interest
Q100 =1,920 cfs

(Turret Creek)

Q100 (Capesius and Stephens, 2009)
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Substantial debris-flow potential in lower/drier basins in
Sweetwater Creek and Eagle County, Colorado




Substantial debris-flow potential in lower/drier basins in
Sweetwater Creek and Eagle County, Colorado

Tributary
just east of
B [ ucky Gulch
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June 1, 2010 snowpack

Eagle River blw Gypsum, CO
e Eagle-Vail Hydrograph, Qp= 7,050 cfs graph of annual peaks

USGS 89670000 EAGLE RIVER BELOW GYPSUH, CO.

Discharge, cubic feet per second
per second

Hay B8 Hay 22 Jun 65 Jun 19 Jul 83 Jul 17 Jul 31 Aug 14 Aug 28
2818 2818 2818 2818 2818 2818 2818 2818 2818

---— Provisional Data Subject to Revision ---—-

Annual Peak Streanflow, in cubic feet

£ Hedian daily statistic {63 years) #* Heasured discharge

— Discharge 1952 1956 1964 1970 1976 1982 1988 1994 2000 2006



Concluding Remarks

» Overview of paleoflood hydrology
» Better define flood and debris-flow hazards
* New insight of flood hydroclimatology

* Improves flood frequency with paleoflood data
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Thanks

rdjarrett@usgs.gov
(303)236-6447
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