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Mission Statement

“The USGS serves the Nation by providing reliable
scientific information to describe and understand the
Earth; minimize loss of life and property from natural

disasters; manage water, biological, energy, and mineral
resources; and enhance and protect our quality of life.”
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Extreme Hydrologic Events

=Extreme hydrologic events are the outliers in
streamflow conditions, occur infrequently but require
the majority of planning and preparation.

»Extreme hydrologic events increase risks to life and
property and their impact can be felt by a community
for years after the flood waters have receded or the
drought has ended.
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Agenda

= Today we'll be talking about:

ﬂ:’rerequisites
* Uses of streamflow information

are located
* What a streamgage is and how it works

» What the current streamgage network in Kansas looks like

* How the USGS streamgage network supports flood management in
Kansas

\Q—Iow the USGS supports drought planning and mitigation

~

« How streamgage network is funded and how that impacts where streamgages

v

« Extreme events and sediment transport
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Prerequisites

=Uses of streamgage data
=\Water supply and allocations

*Engineering design of bridges, roads, culverts,
reservoirs, and treatment facilities

*Flood warning and flood planning
=\Water-quality monitoring and studies
» Aquatic wildlife assessment

» Reservoir operations, hydroelectric dam production,
navigation

»Recreational use by fisherman and paddlers
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Prerequisites

= Types of streamgages:
« Stage only, full discharge, crest stage gage, water quality

* They all measure “stage”
« Other terms “gage height” or “elevation”

* Discharge is the main product for many streamgages but not all

* High flow data can also be assessed with non-realtime data
from crest stage gages

* At some streamgages we have water-quality data, very rarely
do we have locations with water quality data and not have stage
and discharge data
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Streamgages

A continuous record
of stream elevation
IS the foundation for
all streamflow data.

= USGS
USGS 07183500 NEOSHO R NR PARSONS, KS

Gage height (also referred to as
stage) is recorded in local datum.

ar
a1 az a3 :L] a5 a6
2018 26818 26818 2018 26818 26818

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

a7
26818




Streamgages: — Pressure Transducer (Bubbler)

Gas line
running
into stream

High-data
rate data
collection
platform
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Streamgages — Radar

No moving parts to break
down, but are subject to
bias from water-surface
disturbances. Data can be
accurately interpreted
after disturbance has
ceased.
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Streamgages — Data Retrieval

Streamgage data is sent
out to geostationary
(GOEYS) satellites, which
then broadcast the signal
back down to ground
readout stations.

a USGS

science for a changing world



Streamgages — Data Retrieval

NOAA and US Army
Corps of Engineers are
able to directly retrieve
transmissions and ingest
Into their respective
systems and feed the
forecast and reservoir
routing models.

\ =
Local Readout |
Grownd Station ==
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Streamgages — Non-traditional methods

Data transmission can
also be done via cellular
modems, iridium modems,
or a few other options.

Stage/Q doesn’t always
work. For sites where
stage/q relation is invalid we
must bring in more data to
approximate the streamflow.

science for a changing world



Streamflow (Discharge) Measurements
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Q=VxA
Discharge (velocity x width x depth), is calculated for 25 to 35
sections across the stream. These are summed to provide the
total discharge of the stream at the time of measurement.
Measurements are made in cubic feet per second (cfs)

1 cfs = 7.5 gallons per second



Streamflow (Discharge) Measurements

Other measuring devices
i use hundreds to

U thousands of data points
s Wﬂ\\ y on 3-dimensional velocity,

\/ﬂ

. == M width, and depth to
TR compute discharge from a
single cross section.
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Relating elevation to streamflow

USG5 87166508 YERDIGRIS R NE ALTOONA, K5

Raw stream
elevation data
collected by the
streamgage.

Compiled with onsite

23‘}; zgag; 2333 T]g;:s ::::::::::E i "é':":::::::::: i i ':':::':::'::':'f' \ StreamﬂOW
2 | ~LL measurements covering
the entire range of stage.

USG5 6716695680 YERDIGRIS R NRE ALTOONA, KS

To produce the S

record of |

streamflow. "E R EEEEEE
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Breakdown of a stage-discharge rating

DISCHARGE, IN CUBIC FEET PER SECOND
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Breakdown of a stage-discharge rating

Section
Control
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Breakdown of a stage-discharge rating

0688850 WMILL C NR PAXICO, KS - DD: 1 Rating: 0039

Channel
Control
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Breakdown of a stage-discharge rating

Overbank

(Flooding)
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Relating elevation to streamflow

USG5 87166508 YERDIGRIS R NE ALTOONA, K5

Continuous
- record of stage.
_ Streamflow

e
s, measurements
at a range of
S = ==u BRI = =shi i stages and
_ . FHF ' channel
conditions.

STAGE, IN FEET

USG5 6716695680 YERDIGRIS R NRE ALTOONA, KS
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Potential error grows with time since last
measurement

Due to the possibility
of naturally changing
conditions in the
stream, or stage
sensor reporting a
reading in error,
measurements are
made on a routine
basis and in
response to
identified needs for
the site.
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Verdigris R at Independence

An extreme example of changes to a rating at low flow.

October 18, 2011 September 16, 2015
Stage: 2.17 feet (gage Stage: 2.00 feet (gage
datum) datum)

Dis

Discharge: 47 cfs

SR
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Verdigris R at Independence

An extreme example of changes to a rating at low flow.

September 8, 2011 January 30, 2018
Stage: 2.25 feet (gage Stage: 1.50 feet (gage
datum) datum)

Discharge: 39.6 cfs Discharge: 36.5 cfs

-+ Same elevation
~—+ " now corresponds
to 175 cfs

— Gte
" 0 1000 10000 100000
Discharge '3y
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Enough with the
background

i
hﬁ‘ﬂﬁ#@ information, let’s talk
6 5=~ 8 extreme events!
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Extreme Events in Kansas

Come in three general flavors:

1. Flooding

* Not as predictable in Kansas as it is in other areas of the country. The
main drivers for flooding in many areas are snow melt or hurricane.

« Flooding in Kansas is generally caused by either highly convective
storms dropping a large amount of precipitation in a small area over a
short amount of time or persistent rainfall over a large area lasting for
several weeks.

2. Drought

« Can be predicted several months in advance with confirmation coming

in the form of continued monitoring throughout a drought event.
3. Water-quality events

« Can either be related to an extreme in the streamflow conditions (flood

or drought) or can occur independently.
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science for a changing world



Extreme Events in Kansas

Flooding

All streamgages measure stage, not all streamgages have a
discharge that is associated with that stage data.

e

g skl T
Al P YT Ty,
E !

Currently there are
217 USGS
streamgages in
Kansas.
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Extreme Events in Kansas

Flooding

All streamgages measure stage, not all streamgages have a discharge that is
associated with that stage data.

34} ¥ R T T TN e R L Y

Of those 217
streamgages, 187 are full EEEEE Nl o s e e |
hydrograph discharge R R R T R e e T
gages. Meaning that : | @Cﬁ@w
streamflow is calculated 2 BT g A i
at those sites making

them useful for
forecasting reservoir
operations, and peak flow @
studies.
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Extreme Events in Kansas

Flooding

All streamgages measure stage, not all streamgages have a
discharge that is associated with that stage data.

30 of the streamgages yid R DA e
are stage only, which  * &
do not have
streamflow data
calculated at the site.
These sites typically
have municipal
partners using the data
for levee/pump
operations and flood
warning.
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Extreme Events in Kansas

Flooding ZUSGS e

Flood Inundation Mapper EluserGuide  ® About | @ Print

Basemaps
3 o4 Explanation

What does USGS do -l -

with this information? S e W Pt ol R e e

A

A
A0 A Pitsburah -

A, UNITED
STATES

ian C at Overland Park (068933

ichmond. orfolk

Flood inundation mapping.
summmenn (Nteractive maps that are
tied to streamgage data

& showing the extent of flood
jei A waters.

Flood Tools

Elevation:
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Extreme Events in Kansas

Flooding
Prepared in cooperation with the Kansas Depariment of Transportation and
Federal Emergency Management Agency
= . 7 Methods for Estimating Annual Exceedance-Probability
What C!O?S USGS do M t 4 Streamflows for Streams in Kansas Based on Data
with this information? = 3 4 2 Through Water Year 2015

Studies on flood recurrence, which are
used for assessing flood risk at ungaged
locations. The streamstats web
application has made this more user
friendly than ever before.
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Scientific Investigations Report 2017-5063

LS. Departmant of the Interiar
L5 Geological Survey



Extreme Events in Kansas

Flooding _
USGS products include:

What does USGS do * WaterWatch |
with this information? * A web application that provides a

wide array of streamflow statistics
Most importantly the USGS computed on the fly providing
provides streamflow and flooding context to the information
information to the public and available.
other management agencies. * WaterAlert

A SMS messaging system where
users can set thresholds of
Interest and receive automated
alerts when those thresholds are
exceeded at the streamgage.

ZUSGS

science for a changing world



Extreme Events in Kansas

Flooding

Major flood events in Kansas
2019 — Statewide

EXPLANATION—Rank
OO 8289 | 69-81| 23-68 | 10-22

’ 1 €1 | Below

J. ADOWV
0 tormal | Normal 1;\}1:1;161 abov
“7 | normal : orme
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= USGS WaterWatch

Duration huydrograph of 7-day average runoff
for Kansas

in millimeters

Runoff .

7-day Average

JAK FEE MAR AFE MAY JUK JuL AUG SEP ocT HOW OEC

20119

A well mitigated flood.

High soil moisture preceded the
spring rains.

Persistent rainfall throughout the
spring.

Reservoir water levels were high
for several months.



Extreme Events in Kansas

. USGS 071 00 VERDIGRIS R AT INDEPENDENCE, KS
F | OOd I n g (Drainage area: 00 square miles, length of record: 52 - 53 years)

Major flood events in Kansas
2007 — Southeast Kansas

JAN FEB MAR APR MAY JUN JuL AUG SEF acT MO OEC
2007

ZUSGS WaterWatch

Widespread flash flooding.

Remnants of a tropical storm dumped as
much as 17 inches of rain over 2 days.
Rivers throughout Southeast Kansas
overtopped levees, closed major
highways, caused incredible damage.
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Extreme Events in Kansas
Flooding

Major flood events in Kansas
1993 — Statewide

| .R_a-infa_llnthatWouid not stop.
Much like the 2019 year, persistent rainfall
throughout the spring and summer led to the

e¥ flooding of 1993.
% High soil moisture and rising reservoir levels

preceded the flood.
A knockout rainfall event in July of 1993 fell while

~USGS rivers and reservoirs were already high.

science for a changing world




Extreme Events in Kansas
Flooding

Major flood events in Kansas
1951 — Statewide

Juracek, Perry, and Putnam 2001

._'-- . .‘ A large-scale flash flood.
1 *Weather data to analyze this event is not equal

p F. %4 tothe data available for later flood events.
- .
MRS . Y

| o _ Flood event was prior to many of the mitigation
Photo courtesy of Kansas State Historical Society .
efforts put in place soon after such as flood
L USGS control reservoirs and levees.
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Extreme Events in Kansas
Flooding

Other notable events

 Halloween Flood of 1998 — Wichita, KS
* The Great Flood of 1903
« Spotty data is available for this flood.
« The Big Water of 1844
« Thought to be the greatest flood on record.

of 1844 Flood
y

North Topeka during height of 1903 flood (photograph courtesy
of the Kansas State Historical Society, Topeka).

400
ht of the two floods was the same at the gage site
under Menoken

ermined from a definite high-water

% USGS (Courtesy of Kansas State Historical Society)
s
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Extreme Events in Kansas

Flooding

Comparison

1951 — Few flood control measures in place.
1993 — Flood control comes from levees and
reservoirs; real-time data and forecasting
are in their infancy.

2019 — Real-time data is now an expectation
rather than a commodity. Streamflow
forecasting has become highly reliable
based off the availability of current
streamflow combined with forecast weather.

a USGS
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Extreme Events in Kansas

Flooding

What is the streamgage network doing well at?

Data used for reservoir operations. US Army Corps
of Engineers has been a long-standing partner with
the KSWSC and the federal reservoirs have
streamgages used for inflow and outflow.

A robust network for forecasting in the locations
of heavy population and industry.

a USGS
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Extreme Events in Kansas
Flooding

What flooding aspects could see improvement in the USGS
streamgage network?

[OWA

We have holes in our data
where we lack local M e N et O 8 i

A |yl A {6 A !
N Akl -
) 31 \ ___ 3 7 -

partnerships. In particular, the e A
western part of the state lacks ’“
sites which are useful for flood R B O NG| o s

recurrence studies as most Rk 2 PN TRE Ay MISSOUR
sites in that region currently in 2 ARG RN e

operation are subject to 7N AP R
regulated flows or diversions

for irrigation.
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Extreme Events in Kansas
Flooding

What flooding aspects could see improvement in the USGS streamgage
network?

Flood inundation mapping.
Currently only one FIM Manhatan
study in Kansas is
available through the
USGS FIM library, another
FIM study was published
prior to the USGS FIM
library.

ZUSGS
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Extreme Events in Kansas
Drought s

Droughts are... complicated

No single measure can determine
presence or absence of a drought.

Streamflow is part of the equation.
USGS partners with other
organizations in support of drought
monitoring.

During local droughts, USGS
performs studies of seepage to
determine what factors are driving
loss of streamflow.

a USGS
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Extreme Events in Kansas
Drought

Regression studies of streamflow data | T T it

Used to plan for droughts

Streamflow statistics are an indication
of what can be expected during
extreme droughts.

Regression methods allow for this
information to be used at locations
where no streamflow data exists.

a USGS
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Extreme Events in Kansas

Drought

What does the USGS streamgage
network do well for droughts?

Data for water supply managers

The State of Kansas was the first
organization to partner with USGS
anywhere in the nation in support of
streamflow information. This data has
been used for water supply managers at
the state dating back to 1895. Many of the
streamgages in the network support this
function.

a USGS
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Extreme Events in Kansas
Drought

What gaps in drought data exist in
the USGS streamgage network?

Non-irrigation affected streamgaging
sites especially in Western Kansas.

Climatological studies require data
which is unaffected by direct human § =
interference with the streamflow. The @
number of sites representing natural
conditions is shrinking.

a USGS
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Suspended Sediment

»Sediment is a primary aquatic impairment in the United States,
iIncluding Kansas.

=Reasons for concern:
» Decreases storage capacity, flood control, and water supply
* Impacts to recreation
* Negative impacts to wildlife habitats

= Degrades water quality: increased costs for water treatment, strains on

phytoplankton communities and aquatic macrophytes, increased nutrient
transport

*Mitigation solutions can be costly and time consuming

a USGS
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Sedimentation of Federal Reservoirs

Remaining Storage within Kansas Reservoirs
The vertical height of each bar represents total storage capacity. The

u Federal reserVOII’S are plu_e indicates the 2020 capgcity of each reservoilj. The brown
im portant for. Water indicates the volume of sediment in each reservoir. S e BT
Supp]y and flood control i Shend 51.3% Remaining capacity

48.7% Capacity lost to sediment
= Sedimentation —
reducing storage space

= Highlighted USGS

= Kanopolis and Tuttle
Creek Lakes Sebelius Kirwin ‘LWaconda Lake

Lake

i Webster  Reservoir 4 Creek Lake
. CI I nton Lake L Reservoir L Milford Lake 'g ,
; C h e n ey Rese rvo i r Cedar Bluff R::servm'r plisontons l 1 Chiinat
Hillsdale Lake

=L Lovewell Reservoir

sediment studies l

Keith
Tuttle

Grove Lake
- Pomona Lake

= JOhn Redmond Kanopolis Lake
ReserVOI r - John Redmond Reservoir

= Other small Legend L
im pou ndments ¥ Remaining Capacity ey Reservoir El Dorado Lake \l-l' ToroRto Lk

Melvern Lake

Volume of Sediment Fall River Lake
in 2020

d 1

science for a changing world Kansas Water Office




How Is suspended sediment measured?

» Suspended-sediment concentration
Is a discretely measured
constituent, not directly measured
in real time.

= Turbidity is often used as a
surrogate for suspended-sediment
concentration since it is an indicator
of sediment and other solid material
transported in streams.

= Streamflow is also sometimes used
as a surrogate for suspended-
sediment concentration but usually
explains significantly less variance
(much lower R? values)

a USGS
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Neosho River at Neosho Rapids

log, (SSC) = 1.06log(turb) + 0.17
Coefficient of determination (B%) = 0.97
Number of observations (n) = 28

Bias correction factor (Duan, 1983) = 1.03

100 1,000

Turbidity, in formazin nephelometric units

PR
Meosho River at Neosho Rapids
log,{SSC) = 0.700l0g(Q) + 0.32
Coefficient of determination (R?) = 0.53
Mumber of observations (n) = 28
Bias correction factor (Duan, 1983) = 1.54

1,000 10,000 1,000,000

Streamflow, in cubic per second

EXPLANATION
Best-fit line
== — = 90-percent prediction interval
<  Streamflow
SSC Suspended-sediment concentration

turb  Turbidity

EXPLANATION
Best-fit line
= = == 90-percent prediction interval
+  Streamflow
SSC Suspended-sediment concentration

0  Streamflow

Foster, 2014




Extreme events and sedimentation

*Extreme events have many definitions sometimes making it difficult
to directly compare studies
» Extreme precipitation events
= Extreme streamflow events
= Extreme sediment transport events

*The USGS studies included have similar yet slightly different
approaches to describing sedimentation as it relates to extreme
events

a USGS
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Kanopolis and Tuttle Creek Lakes: 2008-10

For both reservoirs, most of the inflow suspended-sediment load was delivered during short-
term, high-discharge periods.

Kanopolis Lake Tuttle Creek Lake

» Ellsworth streamgage (upstream) » Barnes streamgage (upstream)
= 7 storm events — 88% of total suspended-sediment load » 14 storm events — 94% of total suspended-sediment load
» 48% of total discharge, in 12% of the analysis period » 72% of total discharge, in 30% of analysis period

Little Blue R
E near B 5, KS ; ; el o
: Estimated suspended-sediment Big Blue R MAEr Lianas, Ak Estimated suspended-sediment
Smoky HN River trap efficiency = 35 percent at Marysuille, KS trap efficiency = 98 percant
1 Ellswoath, KS . -

Black Vermillion R.

near Frankfort, KS .
Unmonitored

Suspended-sediment load, in billions of pounds
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- ) Estimate to Tuttle Creek Lake Estimate from
science for a changing world Kanopolis Lake

Tuttle Creek Lake

Juracek, 2011




Clinton Lake: 2010-12

Most of the inflow suspended-sediment load was delivered during short-term, high-discharge
periods.

*Trapping efficiency: 97%

=/ storm events — 91% of total suspended-sediment load
=47% of total discharge, in 4% of the analysis period

*The largest stormflow (7 days) accounted for about 33% of the total
suspended-sediment load
*16% of total discharge, in <1% of the analysis period

»Study completed during drought conditions

a USGS

achanging world
Juracek, 2013



Small impoundments study: 2009-11

0 A LDMD 5 storm 1 EXPLAMATION

Dizcharge, in cubic feet par second
= Inflow

= In <0.1% of the record period: | s

im milligrams per liter

= Atchison County Lake: 24% of total ==
suspended-sediment load o

|
’ I' LMD, Little Dedaware Mission Dam
= Banner Creek Lake: 38% of total ﬂ‘&m P —

2115 000 : 18:00 19405

suspended-sediment load B2sa0t

= Centralia Lake: 32% of total 150 B LDMD § storm 2
suspended-sediment load

= Seasonality and preceding
conditions had influence on size of
sediment loads when comparing

similarly sized events T
. C. LDMD EstlurmS

[Discharge, in cubic feet per second

a USGS
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Cheney Reservoir

»Computed using streamflow as
the explanatory variable

*41% of all sediment during the
48-year study period occurred
during 5 storm events
spanning only 8 24-hour
periods

=60% of total sediment load
occurred during 5 years with
extreme flow events

a USGS
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Stone and others, 2015



Cheney Reservoir

» Extreme events (defined as days
with >1.69 in. of precipitation)
accounted for up to 56% of the total
annual precipitation

= During this same analysis period,
55% of the total suspended-
sediment load was transported
during top 1% of loading days (76
days).

= 22% of the total sediment load was
transported in the top 10 loading

1589 000 2001 MR 2003 2004 M05 2006 2007 M08 2009 20 N 2MZ M3 M4 2005 26 M7 2ME 29

d ayS - Year

EXPLANATION

Precipitation totals, in inches
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John Redmond Reservoir and drainage
basin

= Cottonwood and Neosho Rivers flow
Into John Redmond Reservoir which, 2
by 2019, had an estimated .
conservation pool loss of 42%

» Streambank stabilization projects
have been implemented primarily
along the Cottonwood River but also
iIn the Neosho River

» Dredging operation in 2016 removed
3 million cubic yards of sediment
from John Redmond Reservoir

Kansas Water Office

a USGS
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John Redmond Reservoir and drainage

basin

= Storm events during May—-July 2015 exceeded the designed annual

sedimentation rate in May alone

* The total sediment retained in John Redmond Reservoir during these 3
months was 1.6% of the conservation-pool storage capacity of the reservoir

» Dredging effectively removed sediment, but extreme events move a
considerable amount of sediment in a very short period of time.

May 2015

June 2015

17 percant
(24,500 tons)
+

aut

'3 percent
(16,000 tons)
out

97 percent
{543,000 tons)
trapped

83 percent
(117,500 tons)
trapped

Total 142,000 tons in

a USGS
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Total 559,000 tons in

+

May through July 2015

July 2015

10 parcent
{16,500 tons)
ot -

90 percent
{154,500 tons)
trapped

7 percent
(57,000 tons)
out

93 percent
(815,000 tons)

Total 171,000 tons in trapped

Total 872,000 tons in Foster and King, 2016



John Redmond Reservoir and drainage
basin

3,000,000

= John Redmond Reservoir annual EXPLANATION

[Approximate sediment trapping efficiency: 82 to 94 percent]

trapping efficiency during 2009-19: 82—
94% [ ToJohn Redmond Reservoir

I Retained by John Redmond Reservoir

= During high flows and flooding in 2019, o

an estimated 2.2 million tons of | o i
sediment were trapped in the reservoir | | i

(about 17% of the remaining space as -
reported in 2007)

» Suspended-sediment loads transported
during flows greater than the National
Weather Service Flood Action Stage
(0.1-5% of the analysis period)
comprised about 56% of the total load

1,000,000

2010 2014 015 2016 017 2018

ZUSGS —
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What does this mean and what can we do?

= Extreme episodic events — increased
sediment transport

» Possible sediment reduction strategies

= Reservoir outflow management (Lee
and Foster, 2013)

» Operating with shorter residence times and around
normal operating capacity as opposed to higher
flood pool levels — up to 3% reduction of sediment
trapping

* A 3% reduction in John Redmond Reservoir during
the 2009-19 analysis period would have equaled
about 14% of the total sediment removed as part of
the $20 million dredging operation

= Agriculture BMPs
» Streambank stabilization projects
* Dredging

a USGS
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Type

Description

Prevention Technigues

Erosion

control in

Sluicing

Density
current

venting

Land surface methods include contour farming, conservation tillage, grassed waterways, and

terraces. In-channel methods include grade control structures and bank stabilization

Use of a channel or tunnel to bypass sediment-laden flows around the reservoir during high-flow

conditions
The movement of sediment-laden flows through a reservoir as quickly as possible during flood events

to reduce deposition

Passage of sediment-laden density currents through a reservoir along the lakebed is enabled by low-

evel outlets through which the currents are released. Alternatively, density currents can be routed up

and over a dam using a curtain wa

Rermoval Technigues

Dredging

Dry

excavation

Flushing

Removal of deposited sediment from a reserveir using a hydraulic or mechanical dredge
Following the draining of a reservoir, the deposited sediment is remowved using conventional
excavation equipment

Drawdown of the reservoir to tempaorarily establish flow conditions that will resuspend deposited

sediment and remove it through low-level outlets

Morris and Fan, 1998; Annandale, 2013; Juracek, 2014



What does this mean and what can we do?

*Continued investigation of how and when sedimentation occurs
and its relation to sediment reduction strategies with the
understanding that sedimentation rate is largely driven by high
flows.

=Continued water-quality and streamflow data collection and
analysis enhances our ability to understand sedimentation
processes and develop effective sediment management strategies.
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USGS Kansas Water Science
Center

Craig Painter
cpainter@usgs.gov
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