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EXPLANATION




i Hydrology Definition

= the patterns of a river’s flow on a dally,
seasonal, yearly, or multiple-year time
frame , = weweew o 5 e v,
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i Benefits of Hydrology Studies

= Stream classification by hydrologic
characteristics

= Characterizing disturbance and the effects on
stream ecology (stochastic vs. deterministic,
fish spawning patterns, habitat type and
availability, etc.)

= Assessing effects of projects on the stream
system geomorphology and ecology (e.g.,
Indicators of Hydrologic Alteration software
by The Nature Conservancy)

= Flood forecasting



Gaging Stations are Used to Characterize
i the Long-term Hydrology of a Stream

The way a stream gage works-

= The data most often collected are "stage" data. Stage
IS the height of the water surface above a reference
elevation. The most common source of river stage
measurement is a gage house.

= Although stage information is useful, it also is
necessary to have discharge information about a
stream. Discharge is the rate and volume of stream
flow. It is usually estimated from stage/discharge
relations known as rating curves, which are
developed by the USGS by comparing field
measurements of stage and discharge.



The USGS currently administers 7,725
stream discharge gages in the United
States and Puerto Rico.

= Data for selected sites recorded at 5-60
min interval-- may include surface-water,
ground-water, water-quality, and
meteorological parameters.

= The data are relayed through the
Geostationary Operational Environmental
Satellite (GOES) system and is available
on the internet.



USGS Gaging Stations

Monday, October 29, 2001 16:41GMT

Hi .
{> USGS Surface-Water Data for the Nation
http://waterdata.usgs.gov/usa/nwis/sw




Gaging Station Components

Satellite or Radio
Transmitter S

>age

Stage Reading & House
Recording Equipment

Stream and WMrell Lewels
are the Same

Ml

Inlet Pipes=



Gage House
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Willapa River
@ Willapa, WA
Station # 12013500



http://tiger.census.gov/cgi-bin/mapgen/?iwd=350&iht=400&wid=8&ht=12&lat=46.6511&lon=-123.6514&on=counties&mlat=46.6511&mlon=-123.6514&msym=smalldot&mlabel=USGS+Station+12013500
http://tiger.census.gov/cgi-bin/mapgen/?iwd=350&iht=400&lat=46.6511&lon=-123.6514&mlat=46.6511&mlon=-123.6514&msym=bigdot&mlabel=USGS+Station+12013500&wid=0.250&ht=0.250

Station name: WILLAPA RIVER NR WILLAPA

Latitude (degrees, minutes, and seconds) 463904

Longitude (degrees, minutes, and seconds) 1233905

State ..ot WasShington
Pacific

Hydrologic Unit Code

Drainage Area (square miles)

Gage Datum (feet above National Geodetic Vertical

----Period(s) of Record----
1 1947.08.26-1947.09.30
2 1948.08.01-1954.11.30
3 1961.04.01-Current




12013500

WILLAFA RIVER NR WILLAPA. WA
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Discharge data, organized by state

i can be found at:

s http://waterdata.usgs.gov/nwis/current/?
type=flow

= After opening this page go to drop down
menu under “Geographic Area” to select
your state.

= Select “Statewide Stream Flow Table” This new
page will allow you to organized the real time
stream flow data by Major River Basin, County
or Hydrologic Unit.



http://waterdata.usgs.gov/nwis/current/?type=flow
http://waterdata.usgs.gov/nwis/current/?type=flow

OPEQUON CREEK USGS 01616500
NEAR MARTINSBURG, WV

= The drop down menu for “Available
data for this site” includes:

= Real time data

2 180

'''''

-------------------------------



The drop down menu for “Available
data for this site” includes (continued):

= Gage station information

= Dally streamflow

Daily mean stream flow values from the entire record
can be examined or for any period within a record.
This data is used to develop flow duration curves for a
selected gage site.

Don’t confuse with Real Time Data which are actual
cfs readings throughout the day. The daily mean
values are the average discharge over a 24-hour
period.

x» Stream measurements



Hydrographs

puh

A graph of discharge or
depth (stage) versus time



Single Event Hydrograph Terms

=

Rising limb:

Peak:
~alling limb:
Recession curve:

Baseflow:
Direct runoff:

Base time:
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USG5 81616588 OFEQUON CEEEK HEAE HARTINSBURG, HY
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Direct Runoff

Baseflow
1808

DISCHARGE, CUBIC FEET PER SECOND

7
Aug B2 Aug 83 Aug B4 Aug B85 Aug B6 Aug 87 Aug B8 Aug B89

DATES: @8/02/2081 to 88/09/2001 16:00

EAPLANATION
—  DISCHARGE

4 HEDIAN DAILY STREAHFLOM BASED ON 53 YEARS OF RECORD



Presenter
Presentation Notes
Baseflow represents the groundwater contribution to river flow.
Shaded area represents the direct runoff produced by the precipitation event.


Hydrograph Over Multiple Years
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Uses of Multiple-year
i Hydrograph

= These graphs allow calculation of biologically-
relevant hydrologic parameters

Magnitude of monthly water conditions (e.g., mean
monthly flow)

Magnitude and duration of extreme annual flow
conditions (e.g., annual minima 7-day means)

Timing of annual extreme flow conditions
(“predictability”)

Freguency and duration of high and low pulses
Rate and frequency of water flow changes



Opequon Creek (WV)
Water Year 2003 hydrograph
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Presenter
Presentation Notes
This hydrograph for Opequon Creek for water year 2003 shows how precipitation throughout the year influences discharge.
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San Juan River (CO)
Water Year 2003 Hydrograph

USG53 89342388 5AN JUAH EIYER AT FAGOSA SPEINGS, CO,
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Presenter
Presentation Notes
The hydrograph for the San Juan River in Colorado for water year 2003 shows distinct runoff patterns that are common in the west.  Discharge increases in the spring-summer as a result of snowmelt.  Summer thunderstorms with intensity to effect discharge are also obvious.  It can also be determined that no major rain-on-snow flood events resulting in high runoff occurred in the winter during this water year.


Hydrologic Data for Potomac River
@ Sheperdstown on August 21, 2005

N 69 years of data
e (69 y )




Flood Flow Frequency Analysis




i Flow Frequency Analysis

= A method for assigning probabillities of
occurrence to runoff events of a given
size

s Use cumulative distribution of flows

s From these distributions, can determine
“exceedance” probabilities



i Data Needs

= Flood flow frequency analysis uses the highest
recorded instantaneous flow recorded for that water

year (October through September).
= A.k.a. Annual peak flow
= Only one peak flow per water year Is used.
= All data are independent.

= Very important later in determining bankfull
discharges from USGS stream gage data!



Streamflow Frequency

i Analysis

= Rank most extreme events (low or high) of past years
In record

= Describe flow data by graphical methods or by fitting
data with a theoretical probability distribution (in US,
Pearson Type Il distribution is standard)

= The theoretical probability distribution is used to extrapolate
data (e.g., 100 year flood Q on a stream having only 70
years of gage station data)
= The fitted curve or distribution can then be used to
find probabilities associated with floods or low flows

of a given size




i Exceedance

= For high flows, probability that a
flow Is greater than some amount

= For low flows, probabillity that a flow
IS less than a given amount



Plot Annual Peak Discharge

i Data

= Order data by size (largest value Is
given a rank of 1, the second
largest a rank of 2, with lowest
value given a rank equal to N)

= N = total number of data points



Welbull Plotting Position

i Formulas

= P=m/(N+ 1)
= P = probabillity of exceedance
= M = rank of the event
= N = number of years of record




i Example

= Determine the probabillities of
exceedance for the following
annual peak flows (10 years of
record total):

= 463, 286, 301, 3325, 181, 765,
744, 505, 498, 230



Q Rank P=m/(N+1)
3325 1 0.090909
765 2 0.181818
744 3 0.272727
505 4 0.363636
498 5 0.454545
463 6 0.545455
301 7 0.636364
286 8 0.727273
230 9 0.818182
181 10 0.909091




i Probability

= Often expressed as “1-in-N-year”
chance (e.g., 1-in-100-year flood
expected to occur, on average once in
every 100 years)

= The 1-in-100-year flood would have a
probability of 0.01 or 1% of being
equaled or exceeded in any one year




i Average Recurrence Intervals

= Average recurrence interval (or
return period): average length of
time between two floods of a given
size or larger.



Welbull Plotting Position

i Formulas

s [ =(N+1)/m

= T = average recurrence interval
= M = rank of the event
= N = number of years of record



i How They Relate
aP=1T

= Where

« P = probabillity of occurrence
« [ = average recurrence interval

Example: if T = 100 years,
P =1/100=0.01



i Example

= Determine the average recurrence
Intervals for the same annual peak
flows used In exceedance
calculations:

= 463, 286, 301, 3325, 181, 765,
744, 505, 498, 230



Q Rank P=m/(N+1) | T=(N+1)/m
3325 1 0.090909 11.0
765 2 0.181818 5.5
744 3 0.272727 3.7
505 4 0.363636 2.8
498 5 0.454545 | , 2.2
463 6 0.545455 | 5 (1.8
301 7 0.636364 | = |1.6
286 8 0727273 | £ |14
230 9 0.818182 | = 1.2
181 10 0.909091 1.1




Graphical Methods: The
i Probability Plot

= The discharges and associated
exceedances or recurrence Iintervals
are plotted as points on graph paper
and a line is drawn to interpret the
points

= This is called a probability plot and the
fitted line a flood-frequency curve
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Plot Annual Peak Discharge

i Data

= Assign a plotting position to each
coordinate using plotting position
formulas

= Welbull plotting position formulas
are most commonly applied in US



i An Actual Example

= Willapa River @ Willapa, WA
= USGS Gaging Station # 12013500



Willapa River: Peak Flows Ordered by Year

Water

Year

Date

Gage

Stream-

Height

flow

Water

(feet)

(cfs)

Year

1949

Feb. 22, 1949

24.22

11,400

Date

Gage

Height

(feet)

1950

Dec. 28, 1949

18.8

8,450

1976

Dec. 4, 1975

21.49

1951

Feb. 9, 1951

21.86

10,300

1977

Mar. 7, 1977

8. 77

95

Feb. 4, 1952

17.28

6,900

1978

Dec. 2, 1977

21507

1953

Jan. 23, 1953

18.41

7,690

1979

Mar. 5, 1979

17.88

1954

Feb. 19, 1954

19.2

8,240

1980

Dec. 18, 1979

1979

1955

Feb. 8, 1955

16.38

6,270

1981

Feb. 16, 1981

18.75

1956

Dec. 21, 1955

18.92

8,040

1982

Jan. 23, 1982

20.52

1958

Dec. 25, 1957

17.36

6,950

1983

Dec. 4, 1982

20.77

1869

Nov. 18, 1958

17.94

7,360

1984

Nov. 15, 1983

18.18

1962

Nov. 22, 1961

13.75

4,650

1985

Nov. 28, 1984

14.85

1963

Nov. 20, 1962

23.04

11,200

1986

Jan. 19, 1986

21.81

1964

Jan. 25, 1964

19.28

8,300

1987

Nov. 24, 1986

22.7

1965

Dec. 1, 1964

17.18

6,830

1988

Dec. 10, 1987

19.66

1966

Mar. 9, 1966

17.57

7,100

1989

Dec. 30, 1988

15.18

1967

Dec. 13, 1966

23.26

11,400

1990

Jan. 9, 1990

24.06

1968

Feb. 4, 1968

16.75

6,520

1991

Nov. 24, 1990

24.21

1969

Dec. 3, 1968

15.47

5,680

1992

Jan. 28, 1992

20.05

1970

Feb. 16, 1970

16.66

6,460

1993

Mar. 23, 1993

12.22

1971

Dec. 7, 1970

22.68

10,900

1994

Dec. 10, 1993

22.08

1972

Jan. 20, 1972

22.93

11,100

1995

Dec. 20, 1994

217.28

1973

Dec. 21, 1972

18.01

7,410

1996

Feb. 8, 1996

23.21

1997

Mar. 19, 1997

24.53

1974

Jan. 16, 1974

18.6

7,920

1975

Feb. 12, 1975

16.89

6,870

1998

Jan. 14, 1998

19.82

1999

Feb. 24, 1999

24.43

2000

Dec. 15, 1999

22.01




Plot of Peak Annual Discharges by Year

a USGS

USGE 12013500 WILLAPA RIVER NR WILLAPA, WA
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Willapa River

Flood Frequency Curve, 1949 to 2000, 130 square mile drainage area
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12013500
ANNUAL SERIES
1962=1993

WATER YEARS IN RECORD
1949-1956,1958-1959,
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Flood Frequency Theoretical
Distribution Plotting

= To extend beyond the record, you have to
assume something about the total population.

= The population is assumed to have a known
distribution. In U.S., Pearson Type Il

distribution Is standard

= Remember, this is probability of a flow event
In each year, so something could happen as
two 100-year storms that occur back to back.




Software for determining a Flow
Frequency Curve fitted to a Theoretical
i Distribution (Program PeakFQ)

= PeakFQ, Flood Frequency Analysis Based on
Bulletin 17B
http://water.usgs.gov/software/PeakFQ/

= USGS National Water Information System, Peak
Streamflow for the Nation (source of annual peak
flow data for the USGS gaging stations)

= http://nwis.waterdata.usgs.gov/nwis/peak?search_crite
ria=search station nm&submitted form=introduction



http://nwis.waterdata.usgs.gov/nwis/peak?search_criteria=search_station_nm&submitted_form=introduction
http://nwis.waterdata.usgs.gov/nwis/peak?search_criteria=search_station_nm&submitted_form=introduction

Uses of Flow Duration Curve Examples

!

Flow duration curves show the
percent of time during which a
specific discharge were equaled
or exceeded In a given period.



For example, on Opequon Creek (WV),
discharge exceeded or equaled 60 cfs for

90% of the period of record.

Opequon Creek Flow Duration (1947-2003
Water Years)
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Flow duration curves are used to determine
median monthly flow requests as part of instream
flow applications. The median flow request for
October on the Big Sandy River (AZ) was 4.2 cfs.

Big Sandy River @ USGS Gage 09424450
October Flow Duration (1967-2003)

=
o
o
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Discharge (cfs)

=
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Flow duration curves can also describe a river reaches’
potential to support different resources. Since there is no
surface flow for 70% of the time on this reach, native fish

management isn’t a priority on this Arizona river.

Santa Maria River Flow Duration Curve

—~
0
Y
®)
~—~
o
= 10
@©
<
o
2
(@]

00 100 200 300 400 500 600 700 80.0 90.0 100.0

%time discharge was equaled or exceeded




Flow duration curves can also be used to compare streams
In different geomorphic settings. Burro Creek (AZ), which is
confined within a bedrock controlled canyon has high daily
mean floods but little bank storage. It's base flow drops to 0
cfs. The Big Sandy River (AZ), located in a deep alluvial
valley has lower daily mean flood flows, but has sufficient
bank storage to flow year-round.

Flow Duration at Burro Creek and Big
Sandy River Flow Duration Curve (1981-1993)
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Streams with different hydrographs can also be
examined with flow duration curves. Snow-melt
dominated systems, such as the San Juan River
(CO) have a flatter curve than flash-flood
dominated systems such as Burro Creek (AZ).

Burro Creek and San Juan
River Flow Duration Curves
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Presenter
Presentation Notes
Snow-melt dominated systems have a flatter curve because runoff occurs over a longer period of time, rather than occurring as a result of flash floods.


!

HINT - When comparing flow duration
curves between two of more sites, be sure
to divide discharge by watershed size,
then multiply by 100 to adjust for different
sized rivers and their watersheds.



hIIIFIOW Duration Curve Calc.

Daily Mean discharge values from USGS gage sites
on the internet ranked from highest to lowest. The
percent of discharge equaled or exceeded during a
particular period of record is calculated by:

P = Rank (1,2,3 or etc.)/N (# of daily discharge
readings X 100).
Given the large data sets used in these calculations,

daily mean flow data should be cut and pasted from
the USGS website to a spreadsheet.



Rank P=m/(N+1)*100 Discharge

1 5 35000

2 10 31300

3 15 23000

4 20 18600

e For example, 5 25 16200
discharges equaled or j 2‘; ijzgg
exceeded 11,000 cfs g % 13600
60% of the period of 9 45 13000
d 10 50 12500
[SEO0L 11 55 11800
13 65 10500

14 70 10400

15 75 10200

16 80 9590

17 85 9490

18 90 9130

19 95 9050

20 100 9000



!lllBankfuII Discharge

Bankfull discharge is the discharge that
maintains the channels’ form and stability.

It iIs the maximum discharge a stable channel
can convey without flowing out onto it’s
floodplain.

Separates the processes of river channel
formation and floodplain development.




hIIIBankfuII Discharge

It can be used as a surrogate for
effective discharge, the discharge that
moves the most sediment over time
through a river system.

Effective discharge calculation requires
actual measurement of sediment,
development of sediment rating curves,
etc. This is why bankfull discharge Is
used.




!lllBankfuII Discharge

The estimated bankfull discharge has an

average return period of approximately
with a nominal range of

(bankfull Q could be outside this range)

The channel must be stable if on-site bankfull
Indicators; appearance of floodplain
deposition, top of a point bar, etc, are to be
used.



Old floodplain

e |n an
system, If

the old floodplain or
terrace elevation Is
used to determine
the bankfull channel,
bankfull discharge
will be over
estimated

Newer, forming floodplain




e Likewise, If a

channel is
or filling

up with excessive
sediment, the
decreased bankfull
channel cross-
sectional area
would result in
underestimating
bankfull discharge.




The goal Is to identify the
Incipient point of flooding or the location
of the floodplain. The identification of
the floodplain must be substantiated
with streamflow data and geomorphic
iIndicators in the field. It has been
observed that people generally “under-
estimate” bankfull discharge thus
underestimate the size of the bankfull
channel. You must do your homework
prior to going into the field.



!

Bankfull discharge can be determined
through USGS streamflow data.
Discharge-stage rating curves and flood
flow frequency analysis, as shown eatrlier,
can be used to determine

on gaged
streams.



o

Measure bankfull elevation at a stream

segment containing a gaging station
Correlate bankfull elevation to staff plate
elevation

Use discharge-stage rating curve for the
gaging station to determine bankfull discharge

Use flood flow frequency curves to determine
the return interval of your bankfull discharge

Check the “reasonableness” of your
recurrence interval estimate



!lllBankfuII Discharge Estimation

You'll learn how to determine bankfull

C
t

Ischarge from surveying a gage site In
ne Applied Fluvial Geomorphology

(

_evel 1) class.

For the purposes of this course, we will
assume that the recurrence interval iIs
1.5 years for the bankfull discharge.



First Approximation of Bankfull Discharge

Discharge Rank T=(N+1)/m

3325 1 11
765 2 5.9
744 3 3.7
505 4 2.8
498 5 2.2
463 6 1.8
230 9 1.2

181 10 1.1


Presenter
Presentation Notes
For example, using this database, one would expect bankfull discharge to fall between 286 and 301 cfs.  


.

The USGS established numerous stream
gages to collect a minimum of 10 years of
data to develop some level of flood flow
frequency prediction. In some cases
these can result in broad range of
discharges with similar return intervals.
Larger data sets on permanent stream
gages allow for a narrower range of
predicted bankfull discharges.



Predict bankfull discharge on un-gaged streams

o

USGS stream gage data can be used to predict
bankfull discharge on un-gaged streams within the
same hydrologic province and/or watershed.

Determine watershed size for the gaged and un-
gaged sites (USGS website has this information for
gaged sites). GIS can be used for un-gaged sites.

Extrapolate bankfull flows for un-gaged sites using
the following formula (assuming Bankfull Q = 1.5 yr. T):




Determining Bankfull Channel Dimensions

!

Bankfull channel dimensions can be
predicted by:

Regional relationships, or regional curves are
developed for particular regions or hydrologic
provinces. Data collected from numerous
gage stations and channel measurements are
used to develop regression curves to predict
channel dimensions.



Regional Curve -Channel Geometry, Eastern United States
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Example: a stream segment with a watershed size of 100 mi?
would have a bankfull area, width, and depth as indicated on the y-
axis for Eastern U.S. streams.



Presenter
Presentation Notes
For example, if the watershed is 100 square miles in size, the bankfull channel would be approximately 400 ft2


If regional relationships have not been
determined for your region, stream
measurements from a gage station can be
used to predict the cross-sectional area of
the bankfull channel.

USGS hydrologists routinely inspect and
calibrate stream gages. Data collected at
the gage site includes:

Active channel width, cross-sectional area,
mean velocity, gage height, discharge,
and a measurement rating (poor, fair, or
good).



* For example:

frequency Discharge  Interval
Information from 3270 162
the 57 year

3200 1.57
record of
Opequon Creek 3190 1.53

Indicates that the
1.5 year return
Interval flow Is
3,030 cfs. 2910 1.42

ASYAL, 1.46



e Stream
measurement data
was collected 14
times at the
Opequon gage
during discharges
measuring over
1,000 cfs.

Discharge

3530
2970
/7000
1070
1070
3520
1110
1530
1150
3750
7070
1660
2130
2250

Area (ft?)

980
1150
1920
412
479
894
298
447
336
1060
2140
479
543
566



* Linear regression analysis between discharge
and cross-sectional area can be done, for
example, on an Excel spreadsheet. In this
case, an active channel with a discharge of
3,030 cfs would be expected to have a cross-
sectional area of approximately 890 ft?

Opequon Creek, WV

y = 0.2802x + 39.314

= 0.9613
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Bankfull Cross-sectional Area Predictions Most Reliable

o

The relationship between watershed size
and bankfull cross-sectional area usually
has the strongest relationship, or highest
r° value under linear regression.

There Is a weaker relationship between
watershed size and bankfull channel width
and mean depth because of the effects of
channel shape and width-depth ratios.




* These relationships may not be absolute,
the identification of the bankfull channel
must be supported by field data and
observation.

« Bankfull features are built by stream
process, therefore they are depositional.

e Confirm bankfull channel identification
through channel cross-section
measurements at active riffles. Is the
cross-sectional area consistent with
regional curves or stream measurement
data done prior to going In the field.



 Measure a longitudinal profile of the stream
reach including thalweg, water surface, low
bank or predicted bankfull channel elevations
to confirm a consistent bankfull elevation.

Hart Creek
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e Some References:

USFWS regional curve publications for mid-
Atlantic states:

USGS water publications:

Forest Service Stream Team website for bankfull
videos, CDs and DVDs:


http://www.fws.gov/chesapeakebay/stream.htm
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