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CHAPTER 1
INTRODUCTION

GeoTool was developed at the Engineering Research Center at Colorado State
University. This user's manual for GeoTool Version 3 is designed to provide a general
understanding of model structure and capabilities, as well as a requisite knowledge of input
options and output features necessary to implement the modeling package. Chapters 3 through 7
provide step-by-step options and background information associated with automated effective
discharge computations and the “stand alone” components of sediment transport and channel
change estimates. Chapter 8 provides the input and output features associated with partial
frequency analyses and Chapter 9 presents information with respect to disturbance regime

computations.

1.1 OVERVIEW

An important contribution that engineers and geomorphologists can make to
environmental management is to develop parsimonious tools that empower non-specialists to
make rational planning decisions within the context of a changing environment. Existing models
may be used to assess the potential hydrologic effects of land-use change on receiving waters,
but practical tools for trandlating these results into metrics for predicting channel stability and
effects on stream biota are essentially unavailable to local watershed planners. To improve
watershed management in the context of changing land uses, a flexible, changeable package of
models is presented to provide estimates of long-term changes in stream erosion potential,
channel processes, and instream disturbance regime. The models are developed in Visual Basic
for Applications / Excel and include a suite of stream / land-use management modules designed
to operate with either continuous or single-event hydrologic input in a variety of formats. The
tools can also be used as a post-processor for the U.S. Environmental Protection Agency’s (EPA)
SWMM and HSPF models as well as for any genera time series of discharges. Based on the



input channel geometry and flow series, the various modules can provide users with estimates of
the following characteristics for pre- and post-land use change conditions: (1) the temporal
distribution of hydraulic parameters including shear stress, specific stream power, and potential
mobility of various particle sizes; (2) effective discharge / sediment yield; (3) potential changes
in sediment transport and yield as a result of altered flow and sedimentation regimes; (4)
frequency, depth, and duration of bed scour; and (5) several geomorphically relevant hydrologic
metrics relating to channel form, flow effectiveness, and “flashiness.”

Although GeoTool isintended for a broad range of applications, its primary impetus has
been the need for practical tools for assessing fluvial processes in urbanizing watersheds. For
example, GeoTool may be used to quickly compute time-integrated sediment transport and scour
characteristics across a range of flows and time periods associated with varying stormwater
mitigation schemes. The modules give end users a suite of tools to compare the erosive potential
of hydrographs and characterize channel changes that might result from a wide variety of
watershed changes, as well as, to aid interpretation of biomonitoring information through

guantification of stream disturbance regimes.

1.2 MANUAL CONVENTIONS

Actual titles for menus and frames, within these menus, are shown in a different font,

namely, Futura Lt BT. Figure 1.1 isa GeoTool quick reference guide for input options.



User Options frame

o Effective Discharge (Single File)

o Effective Discharge Comparison (Multiple Files)
o Sediment Transport

o Partial Frequency Analysis

o Disturbance Regime

o Channel Change Indices

o Dynamic Channel

[ Suppress progress indicators
[ Suppress log file RUN and Quit buttons

Excel Input Sheet option
o Input From File Run Single File button
o Use Input Sheet

Multiple Files Input option
Reference File
File 1
File 2
File 3
File 4 RUN and Quit buttons

INPUT FILE qPTIONS menu

File Format Options frame

o Default — “date”-stage-discharge

o File Format 2 — date-stage-discharge

o Mean Daily USGS Download — “USGS”-site#-date-discharge

o 15-minute USGS File — year-month-day-minute-stage-discharge
o USGS Download “Peaks”

o SWMM “.OUT” file

o HSPF “P” file

o Other

[ Limit Input to Flows >

Cancel and Continue buttons

User Input Options menu

Flow Data Selection frame Effective Discharge Tools frame
Enter Range of Years to Calculate Effective Discharge: Bin Variation Option
o All Years Number of Variations:
o Specify Years to
Please select time interval for input discharge data: Type and Number of Bins:
Separate number of bins with commas.
I 15 minute [ Arithmetic Bins
i 1 hour Number:
Daily [1 Logarithmic Bins
Other Number:

[ Fill Missing Values =

Figure 1.1 — GeoTool quick reference guide.

Figure 3.1
(p. 8)

Figure 3.2
(p. 9)

Figure 3.3
(p. 10)

Figure 4.1
(p. 14)

Figure 5.1
(p. 21)



User Input Options menu (cont.)

Sediment Transport Tools frame Channel Change Tools frame
Minimum Flow Transporting Sediment Slope (ft/f1)
[ Critical Discharge (cfs): [ Bed Stability Index d50 (mm)

d84 (mm)
0 Qs = aQ® Low High [J Mobility Index d90 (mm)
Discharge  Discharge Characteristic
(cfs) (cfs) [ Specific Stream ~ Width (ft)
Bound Power Specific
a= b= to Weight
[] Use Two Rating Functions [ Scour/Fill Depth ~ Sediment (Ib/#3)
a= b= to
[ Use Three Rating Functions
a= b= to Output Options frame
[ Use SI Units (Default = English)
o Use sediment transport equation o No Comparison Charts
o PDF Comparison Charts
o CDF Comparison Charts
o PDF and CDF Comparisons

[ Leave Application Open When Finished

Cancel and Continue>> buttons

. Figure 6.2
Channel Characteristics menu (p. 39)

First Hydraulic Radius Function frame

Hydraulic radius as a power function as a function of flowrate. R =cQ?
c coefficient = d exponent =

[] Click here to enable the use of two hydraulic radius relationships.

Discharge Separating Relationships frame

Enter discharge at which to switch relationships (cfs):

Overbank Hydraulic Radius Function frame

Hydraulic radius as a power function as a function of flowrate for depths exceeding bank height. R = eQ'
e coefficient = f exponent =

Velocity Function frame

Enter Manning roughness to calculate average channel velocity. ~ Manning’s n =

Cancel and Continue>> buttons

Sediment Transport Rate Calculator (Version 1.0) menu Fi(gpurglg.l

Select Equation frame Select Units frame

Meyer-Peter Miller o Select S.I. Units
Yang’s Sand, d50
Bagnold Total Load o Select English Units
Brownlie Total Load
Wilcock

Figure 1.1 (cont.) — GeoTool quick reference guide.
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Sediment Transport Rate Calculator (Version 1.0) menu (cont.)

Channel Properties frame (only English Units are listed here)

Unit Meyer-Peter Mlller Wilcock

Bagnold Brownlie Yang

Average Velocity (ft/s)
Average Width (ft)
Bedload Efficiency
Critical Tau Star
d16 (mm)

d50 (mm)

d84 (mm)

dg (mm)

dm (mm)

ds (mm)

Discharge (ft*/s)
Effective Width (ff)
Energy Slope (ft/ff)
Fs

Hydraulic Radius (f)
Temperature (°F)
Shear Stress (Ib/f%)
Width (ff)

Cancel and Continue>> buttons

Partial Frequency Analysis menu ‘

Input File Name

File Characteristics frame

Storm Characteristics frame

Please Enter Time Interval )

For Input File seconds |

minutes

hours

days

months
years

o All Years
o Specify Years to

Minimum Discharge to Consider cfs

O Specify Inter Storm Duration
Inter Storm Duration | seconds
minutes
hours
days
| months

Plotting Position Options frame

o Weibull o Cunnane
o Median o Gringorten
o APL o Hazen

o Blom

Cancel and Continue buttons

Figure 1.1 (cont.) — GeoTool quick reference guide.

Figure 8.1
(p. 59)



Figure 9.1

Duration and Time of Sediment Transport menu

(p. 63)
Input File Attributes frame

Input File Name

Please Enter Time Interval for Input File seconds
minutes
hours
days
months
years

o All Years

o Specify Years to

o Metric Units Slope

o English Units Dimensionless critical shear stress for

incipient motion
Characteristic Grain Size (mm)
Specific Weight of Water (Ib/ft%) [J Assume specific weight of water
Specific Weight of Sediment (Ib/f®) ~ [] Assume specific weight of sediment

Exit and Run buttons

Channel Change Tool menu Figure 3.4
o

Units frame Input Parameters frame
o English (Default) o Metric Characteristic Discharge (Q) (cfs)
Slope (ft/ft)
Options frame d50 (mm)
[ Specific-Stream Power d84 (mm)
[ Bed Stability Indicator d90 (mm)
[J Mobility Index Width (ft)
[ Scour/Fill Depth Flow Area (ff?)
Wetted Perimeter (ft)
Specific Weight Water (Ib/f)
Specific Weight Sediment (Ib/f)

EXIT and RUN buttons

——

OUTPUTS

Figure 1.1 (cont.) — GeoTool quick reference guide.



CHAPTER 2
INSTALLATION

Your GeoTool distribution should have come from a “GeoTool_distribution.zip” file.
The most current version of GeoTool is available at http://www.daraff.net/geotool.htm and
http://www.engr.col ostate.edu/~bbledsoe/GeoTool or by contacting David Raff (raff @daraff.net)
or Brian Bledsoe (Brian.Bledsoe@ColoState.edu). To install and run GeoTool, unzip the

distribution zip file into a directory named “GeoTool.”

The current release of GeoTool was designed with Microsoft® Office 2000 and is known
also to function properly on Microsoft® Office XP. In an Office XP installation, the security
settings must be set to medium or low in order to operate GeoTool, as it does not come with a
security certificate. It is expected that the user has installed all appropriate service packs to their
installation of Office 2000 or Office XP. GeoTool has not been tested on versions earlier than
Microsoft® Office 2000 and these installations are not supported. The following references are
necessary within Microsoft® Visual Basic for Applications in the user’s Excel installation for
proper GeoTool execution:

(1) Visual Basic for Applications,

(2) Microsoft® Excel 9.0 Object Library,

(3) OLE Automation,

(4) Microsoft® Office 9.0 Object Library,

(5) Microsoft® Forms 2.0 Object Library, and

(6) Solver.

Please note that any specific references to release versions of GeoTool or its manua are

valid for later release. Happy GeoTooling...



CHAPTER 3
OPENING INPUT OPTIONS

GeoTool is designed to provide users with a variety of tools to assess the geomorphic

implications of watershed modifications and to examine the statistical properties and sediment

transport characteristics of both simulated and historical flow series. The user is initialy

presented with options (Figure 3.1) to:

perform effective discharge computations for one flow series,

perform effective discharge computations and compare multiple flow series,
perform stand-alone sediment transport computations

perform partia frequency analysis,

calculate disturbance regime characteristics,

calculate channel change indices, or

run effective discharge alowing channel adjustment.

Discussion of these options follows:

x|
[ oo g R Geomorphology Toolbox v3
" Effective Dischargs (Single File) eveloped at the Engineering Research Center at
olorado State University.
~ Ef’fec_uve I:_)lscharge Comparison lQuestions and feedback:
(Muitiple Fies) Prof. Brian Bledsoe: Brian.Bledsoe@ColoState.edu
or
" Sediment Transport Dr. David Raff : raffimdaraff.net

" Partial Frequency Analysis

" Disturbance Regime

" Channel Change Indices

" Dynamic Charnel

m Supress progress indicators

I™ Supress lag file

Figure 3.1 — Opening menu screen shot, where user selects one of six GeoTool modules.




3.1 EFFECTIVE DISCHARGE (SINGLE FILE)

This option allows the user to determine the discharge responsible for transporting the
largest amount of sediment over time. This option should be chosen if the user would like to
analyze a single file of historical or single event data. The output includes effective discharge
calculations, flow regime (flashiness) statistics as well as distributions of shear stress, stream
power (total and unit), and water and sediment discharges among others. Channel change
indices may also be selected. The user may specify aflow seriesfile (Input From File option) or

use the GeoTool Input sheet (Use Input Sheet option) (Figure 3.2).

& Input From File _| Run Single File

 Use Input Sheet

Figure 3.2 — Single File Input sheet screen shot, where the user selects either a flow file or
inputs discharge information into an Excel worksheet.

3.2 EFFECTIVE DISCHARGE COMPARISON (MULTIPLE FILES)

This option permits comparison of multiple discharge series within a single run of
GeoTool. This permits direct comparison of geomorphically significant factors (i.e., discharge,
sediment transport, shear stress, and stream power). The program and calculations are the same
as a single-flow record (see above), but allows the user to specify alevel of detail in the output
not available when using the Effective Discharge (Single File) option. The user must use one
input file as the Reference File, and at least one other file to run for comparison (Figure 3.3).
GeoTool will generate comparison sheets for probability and cumulative distribution functions
for water, sediment, stream power, and shear stress distributions if the user chooses these
options. There is also a summary sheet produced which compares flow regimes for each time

series used.




x

(= e R [ Geomorphology Toolbox v3

" Effective Discharge (Single File) Developed at the Engineering Research Genter at
KColorado State University.

+. Effective Discharge Comparisomg lquestions and feedback:

(Multiple Flles) Prof. Brian Bledsoe: BrianBledsoe@ColoState.edu
lor
 Sediment Transport Dr. David Raff: raffmwdaraff.net

" Partial Frequency Analysis

Reference File
 Disturbance Regime

Fie 1 —

© Channel Change Indices _
File 2

© Dynamic Channel —
i File 3

r Supress progress indicators J
I~ Supress log file File 4

RUMN Quit. |

Figure 3.3 — Effective Discharge Comparison (Multiple Files) screen shot.

3.3 SEDIMENT TRANSPORT (STAND ALONE)

This option determines the amount of sediment transported for a single discharge entered
by the user. The user may specify which sediment transport equation GeoTool will use (e.g.,
Bagnold, Brownlie, Yang's Sand, or Wilcock) through the Sediment Transport Rate Calculator
(Figure 6.1). See Chapter 6 for further information about entering data into the Sediment
Transport Rate Calculator and a discussion of the theoretical development for the different

sediment transport equations.

3.4 PARTIAL FREQUENCY ANALYSIS

Often accurate flood frequencies are desired for relatively short return periods (< 10
years). In this case, frequency estimates based on annual maximum series may not be
appropriate and partial flood frequency analyses are more desirable. This option computes flood

frequencies using user-defined plotting positions and general storm characteristics.
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3.5 DISTURBANCE REGIME

This module of GeoTool calculates the bed disturbance of a river or stream based on a
historical flow record. Specificaly, it calculates the number of discrete events as well as the
total length of time that a specific grain size is in motion based on incipient motion criteria

entered by the user.

3.6 CHANNEL CHANGE INDICES

This option determines the channel change indices available within GeoTool. These
include Bed Stability Indicator, Mobility Index, Specific Stream Power, and Scour/Fill Depth
distribution. The user inputs data through the Channel Change Tool menu (Figure 3.4).

Channel Change Tool |
Units — Input Parameters
" English {Default) " Mekric ‘ Charactarist
Discharge (Q) (cfs)
— Options Elope {Ftift)
[v Specific-Stream Power K50 (o)
54 {mm}
[¥ Bed Stabiity Indicator
190 {ram)
[v Mobility Indes
idth (Ft}
Flow Area (FE2)
etted Perimeter (ft)

Bpecific Weight Waker
Ib/FE=)

Epecific Weight
Bediment (b/FE#)

EXIT RN

Figure 3.4 — Channel Change Tool input menu screen shot.
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These indices are calculated for a single-channel flow and geomorphic parameters when
running in stand alone mode. The user may chose to enter information in either English (USCS)
or Metric (SI) units when running in stand alone mode. The output will be in the same units as
the input. Only those text boxes within the Channel Change Tool menu (Figure 3.4), that are

relevant to the user-selected channel change indices, will be enabled for input.
3.7 DYNAMIC CHANNEL

This module is currently under development. A new version of GeoTool, incorporating

this upgrade, will be posted as soon as possible.
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CHAPTER 4
DISCHARGE INPUT FORMAT

With the exception of the sediment transport stand alone mode, GeoTool requires the
input of a flow record. The flow record may be inputted in a variety of formats, and can
represent either long-term continuous flow or a single-storm event. When inputting a flow
record, the file name and location are selected, and then the user is prompted to select the format
of the selected file (Figure 4.1). The flow record must be in cubic feet per second (cfs). While
stage data are not used in this version of GeoTool, the stage data must be included with the flow
record, or placeholders must be used where stage data are expected. If the user has good reason,
or files are exceptionally large and the user is only interested in censored discharges, the Limit
Input to Flows > can be used, which will only load the data from the file which exceeds the

censored value entered in the text box.

4.1 INPUT FILE OPTIONS

GeoTool is capable of loading seven different file formats that are commonly encountered

in practice. These seven formats are discussed (with examples) as follows:

13



INPUT FILE OPTIONS x|

— File Farmat Options

" Default -- "date"-stage-discharge

" File Format 2 -- date-stage-discharge

Mean Daily U3GES Download
"USiE5"- site# -date-discharge

¢~ 15-minute LSGS File
year-month-day-minuke-stage-discharge

UGS Download "Peaks"

O S " OUT" File

" HSPF "P" file

" Other

I Limit Input: ko Flows = |

Cancel Conkinue

Figure 4.1 — Input File Options screen shot, where the user selects the format of the input
flow record. The current version of GeoTool has the capability of reading five file types
including common U.S. Geological Survey (USGS) records and SWMM model outputs.

4.1.1 Default - “date”-stage-discharge

The default file type within GeoTool is a comma-delimited format with the date and time
entry in quotes. Files of this type may not have any header, which if necessary, can be removed
using any common text editor. Thisis a comma-delimited file format, which has the following

format:

"10/8/1991 5:30:00 PM",7.67,36
"10/8/1991 5:45:00 PM",7.67,36
"10/8/1991 6:00:00 PM",7.65,34
"10/8/1991 6:15:00 PM",7.67,36
"10/8/1991 6:30:00 PM",7.66,35
"10/8/1991 6:45:00 PM",7.68,37
"10/8/1991 7:00:00 PM",7.64,34
"10/8/1991 7:15:00 PM",7.68,37
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In the above example a time stamp is provided along with the data but is not required. Also note
that the stage data are not necessary, and if not present, two commas must separate the date and
discharge data (i.e., "10/8/1991 8:45:00 PM", ,33).

4.1.2 File Format 2 — date-stage-discharge

Thisformat is the same as the default format only the date is not contained within quotes.

An example is shown below:

10/8/1991 5:30:00 PM,7.67,36
10/8/1991 5:45:00 PM,7.67,36
10/8/1991 6:00:00 PM,7.65,34
10/8/1991 6:15:00 PM,7.67,36
10/8/1991 6:30:00 PM,7.66,35
10/8/1991 6:45:00 PM,7.68,37
10/8/1991 7:00:00 PM,7.64,34

As with the default format, the time stamps included with the data are not necessary.
Additionally, there can be no header. Like the default format, stage data need not be included,
and if not included, two commas must hold the place where the stage data would be (i.e.,
10/8/1991 8:45:00 PM, ,33).

4.1.3 Mean Daily USGS Download - “USGS”-site #-date-discharge

This input is to be used with mean daily discharge data downloaded from the USGS

website. Thereisno data processing required. The format of afileisasfollows:

#

# U.S. Geologica Survey

# National Water Information System

# Retrieved: 2002-04-10 11:53:48 EDT

#

# Thisfile contains published daily mean streamflow data.
#

# Further Descriptions of the dv_cd column can be found at:
# http://water.usgs.gov/nwis’help?codes_help#dv_cd

#

#
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# Thisinformation includes the following fields:

#

# agency _cd Agency Code

# site no  USGS station number

# dv_dt  date of daily mean streamflow

# dv_va  daly mean streamflow value, in cubic-feet per-second
# dv_cd  daly mean streamflow value qualification code

#

# Sitesin thisfileinclude:
# USGS 07287150 ABIACA CREEK NR SEVEN PINES, MS

#

#

agency_cd Site nodv_dt dv va dv_cd

5s 15s 10d 12n 3s

USGS 07287150 1991-10-01 41 e
USGS 07287150 1991-10-02 41 e
USGS 07287150 1991-10-03 41 e
USGS 07287150 1991-10-04 41 e
USGS 07287150 1991-10-05 41 e
USGS 07287150 1991-10-06 41 e
USGS 07287150 1991-10-07 41 e
USGS 07287150 1991-10-08 42 1
USGS 07287150 1991-10-09 43 1
USGS 07287150 1991-10-10 49 1

GeoTool identifies the “USGS’ string to note the beginning of a data line. Therefore,
there is no limit to the length or location of headers, and the discharge data must be in the format

shown above (with “USGS’ appearing at the start of every dataline).

4.1.4 15-minute USGS File — year-month-day-minute-stage-discharge

This input format is intended to be compatible with 15-minute flow records provided by
the USGS. This format usually has a header that must be removed before inputting into
GeoTool. Any text editor capable of opening and handling large amounts of data (e.g.,
Microsoft® WordPad, TextPad, etc.) can be used to remove the header. The form of this file

type, once the header has been removed, is as follows:
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1991 10 10 630 5.55 40
1991 10 10 645 5.55 40
1991 10 10 660 5.55 40
1991 10 10 675 5.55 40
1991 10 10 690 5.55 40
1991 10 10 705 5.56 41
1991 10 10 720 5.56 41
1991 10 10 735 5.6 44
1991 10 10 750 5.62 45
1991 10 10 765 5.63 46
1991 10 10 780 5.64 47
1991 10 10 795 5.65 48
1991 10 10 810 5.66 48
1991 10 10 825 5.68 50
1991 10 10 840 5.69 51
1991 10 10 855 5.72 53
1991 10 10 870 5.75 56

415 USGS Download “Peaks”

The USGS produces files of peak discharge values for annual durations available through
the National Water Information System (NWIS) web site  accessed at
http://waterdata.usgs.gov/nwis. These files can be input into GeoTool and used to develop flood

frequency analysis. It isunlikely that this file will be used with any effective discharge type of
analysis, however, attempting to run the effective discharge modules with this type of input file
should not generate an error.

416 SWMM “.0OUT” file

The use of GeoTool as a post-processing tool for the Storm Water Management Model

(SWMM)™ is handled through an interface program written in FORTRAN programming

" SWMM contacts:

Dr. Wayne C. Huber, Dept. of Civil, Construction, and Environmental Engineering, Oregon State
University, 202 Apperson Hall, Corvallis, Oregon 97331-2302, Phone: (541) 737-4934, Fax:
(541) 737-3099, e-mail: wayne.huber@orst.edu.

Dr. William James, Computational Hydraulics International, 36 Stuart St., Guelph, Ontario N1E 4S5,
Phone: (519) 767-0197, Fax: (519) 767-2770, e-mail: wjames@uoguel ph.ca.

17



language. The interface program is readSWMM.exe, and when called by the GeoTool main
program it opens and operates in a DOS (Disk Operating System) shell (Figure 4.2). When the
interface program has completed a flow record, the user must signify that the interface program
is complete by clicking the SWMM Interface Complete button on the Input File Options menu.
The user must identify the location of the readSWMM .exe file and completed interface file.
ReadSWMM .exe operates by taking a SWMM output file (filename and directory entered by the
user) and converting the information into a comma delimited file with a new extension “.GTI”
(GeoTooal Interface) which is formatted as File Format 2. Once the “.GTI” file is created, the
readSWMM executable need not be run on the same “.out” SWMM file again. The “.GTI” file
can be read in using the File Format 2 option. The reeadSWMM executable is capable of handling
output from either the “RUNOFF” or “TRANSPORT” blocks within SWMM Version 4 (or any
later version with the same output format). For examples of these types of output files please

consult the SWMM Manual for Version 4 (or later version with the same output format).

SWUMM GeoTool Interface

SWMM Options: Output created hy:
(1> RUNOFF BLOCK

(2> TRANSFORT BLOCK

Enter Option:

2

Enter Mame of SWMM Output File
TR1.0UT

Input File MWameTR1.0UT
Interface file = TR1.GTI
PROGRAM COMPLETE WITH NO ERRORS

Press any key to continue_

Figure 4.2 — SWMM interface screen shot. To use SWMM model output, an interface
program that runs in the DOS environment is launched from within GeoTool.

4.1.7 HSPF “P” File

GeoTool is also capable of reading in Hydrological Simulation Program — FORTRAN
(HSPF) files. The input agorithm for this type of file assumes that the “P’ file has been
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generated using the following format (Table 4.1) (HSPF-12-2 documentation available at
http://smiqg.usgs.gov/cqgi-bin/SMIC/model home pages/model  home?sel ection=hspf).

Table 4.1 — HSPF format table.

Columns Contents
1-4 Identifier (first 4 characters of title)
6-10 Year
11-13 Month
14-16 Day
17-19 Hour
20-22 Minute
25-36 Valuefor curve 1, for this date/time
39-50 Valuefor curve 2, for this date/time
Etc... (repeats until datafor al curves are supplied)
Format: A4, 1X, 15, 413,20(2X,G12.5)

Please note that the Format statement in Table 4.1 refers to the FORTRAN code used to
develop HSPF. The user of GeoTool can simply open up their “P” file in any text editor and
check to see whether their file conforms to the necessary format. If the user desires more
information about HSPF and its output please contact the developers at the EPA, specifically the
USGS Hydrologic Analysis Software Support Team, 437 Nationa Center, Reston, VA 20192 or
by e-mail at h2osoft@usgs.gov.

4.1.8 Other

This option is currently under development. A new version of GeoTool, incorporating

this upgrade, will be posted as soon as possible.
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CHAPTER S
USER INPUT OPTIONS

When utilizing the effective discharge portions of GeoTool, most of the user options are
provided through the User Input Options menu (Figure 5.1). The inputs are divided into five
categories:

e Flow Data Selection,

e Sediment Transport Tools,

e Effective Discharge Tools (Bin Information),

e Channel Change Tools, and

e Output Options.

These frames that comprise the User Input Options menu are discussed below:
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User Input Options il

— Flow Data Selection —————————————— — Effective Discharge Toals
Enter Range of Years to Calculate — Bin Yariation Cption ———— — Tvpe and Number of Bins
Effective Discharge: Separate number of bins with
" all Years Fammas.

I Arithmetic Bins
" Specify Years

Mumber of Yariations: fumber: I
I e |

Please select time interval For input [™" Logarithmic Bins

discharge data: fdumber: I

15 minute:
1 hour — Channel Change Tools
Daily
Bl Ft | FE
Cther ope (ft [ ft)
IV Bed Stability Index
Cthet: I K50 ()
I~ Mobility Index
r &4 {mm)
Fill Missing Yalues = |
A= Vel ¥ Specific Stream Power
— Sediment Transport Tools (B0 v,
— Minimurn Flow Transporting Sediment ———————————————— I ScourFill Depth TR
ar acteriskic Wi
[~ Critical Discharge {cfs): I i3]
= = = Epecific weight
b Low Discharge  High Discharge Eedimert (lbs(Ft=)
% gs=ag {cfs): (cfs):
¥ Bound — Oukput Options
o I b I I I % Mo Compatison Charts
k
D I™" Use =1 Units {Default = English) " PDF Comparisan Charts
|7 Use Two Rating Functions
ae I b I I I ' COF Comparison Charts
ta
" PDF and CDF Compatisons
|+ Use Three Rating Funckions :

a= b=
I I I ta I [ Leave Application Open ‘When Finished

" Use sediment transport equation Cancel Continue ==

Figure 5.1 — User Input Options menu screen shot, where the user specifies most of the
parameters necessary to run the effective discharge processes within GeoTool.

5.1 FLOW DATA SELECTION

After specifying the file name and the format, the user must identify the time period of
the analysis and whether it corresponds to all of the dates within the flow record or whether the
analysis should be performed on subsets of the data (Figure 5.2). For example, if the user would
like to perform an analysis comparing the years 1950 through 1970 to 1970 through 1999 of one
flow record, the single file can be entered in the Reference File and File 2 text boxes on the
Opening menu with GeoTool running in Effective Discharge Comparison (Multiple Files) mode

and selecting the two time periods respectively.
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— Flow Daka Selection

Enter Range of ¥ears to Calculate
Effective Discharge:

Al Years
¢ Specify Years

[ 1991 =] gq | 1997 =]

Please select time interval for input
discharge data:

15 minuke
1 hour
Drail

Other: | 7

Figure 5.2 — Flow Data Selection screen shot, where the user chooses the period of the flow
record analysis, the data time interval, and whether missing values will be filled in.

In addition, the user must specify the time interval for the discharge data (e.g., daily,
hourly, 15-minute, etc.). GeoTool offers a series of common data time intervals but if the user
wishes to select a different value, they can enter an integer number of hours corresponding to the
file time step. Additionally GeoTool offers some data filling for files that may have holes in
their data. If probability distribution function (PDF) and cumulative distribution function (CDF)
comparisons are to be made among multiple files with differing amounts of missing data, these
values will be misrepresented unless the missing data are filled. We suggest filling in the

missing values with an appropriate base flow value for the system being analyzed.

5.1.1 Range of Years to Calculate Effective Discharge

5.1.1.1 All Years

Select this option if you would like the entire data set to be analyzed. The years within
the pull-down menus should correspond to the dates within the inputted flow record and is a
good way to verify that the data were |oaded correctly.
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5.1.1.2 Specify Years

This option should be selected if there is a specific period within the flow record for
which the analysis is desired. If this option is selected, the earliest year must be selected from
the pull-down menu on the left and the latest year must be selected from the pull-down menu on
the right. The values within the pull-down menus should represent the extent of the entire flow
record. If thereis adiscrepancy between the dates in the pull-down menu and the inputted flow
record, then there is an error with the input data process that must be resolved prior to analysis.

5.1.1.3 Select time interval for input discharge data

The time format of the input file must be selected here. The standard options are:

15 minute
1 hour
Daily
Other

If Other is selected, then the actual time step must be specified as an integer number of
hours.

5.1.1.4 Fill Missing Values

GeoTool calculates the maximum total number of records that should appear within the
first and last records of the input file given the time interval selected by the user. If the actual
number of records loaded is not equal to the maximum value, then the user can choose to fill in
the missing values with avalue entered in cfs. This option is particularly useful when comparing
flow files which differ in the number of missing days because these values influence the CDFs
and PDFs. The missing values are not entered date specific, meaning that they will not affect the

annual maximum and minimum series that are used to cal cul ate the flood statistics.
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5.2 SEDIMENT TRANSPORT TOOLS

The GeoTool effective discharge calculations provide the user with multiple sediment
transport solutions to analyze their data set including theoretical and empirical equations (Figure
5.3).

= Sediment Transpart Tools
— Minimum Flow Transporting Sediment

[~ Critical Discharge (cfs): I

b Low Discharge  High Discharge
®os=a0 (cfsh: {cFsh

¥ Baund

= [ ol

v Use Two Rating Functions
= b=

. I I I [{u] I
v ?Use Three Rating Functionsé

= [ [ o

£ Use sediment transport equation

Figure 5.3 — Sediment Transport Tools screen shot, where the user specifies the parameters
of rating curve(s) describing sediment transport and its applicability range or selects a total
load or bedload transport equation.

5.2.1 Minimum Flow Transporting Sediment

5.2.1.1 Critical Discharge (cfs)

If a discharge exists below which it is known that no sediment is transported, then the
Critical Discharge (cfs) check box should be selected and the value inputted in the enabled text

box.

5.2.2 Sediment Transport Relationships

5.2.2.1 Qs = aQ"

This option should be selected if an appropriate rating curve is known for the river

segment being studied. Sediment transport capacity (Qs) is assumed to have units of

24




tons/day. Therefore, a and b must be specified such that an input Q in cfs yields Qs in
tons/day. If therating curveisonly valid for a range of flows, than those values can be entered
by selecting Bound. Any flows not within these values will be assigned a sediment discharge of
zero. If arating curve is only valid above a certain flow, a Critical Discharge (cfs) can be
specified and all flows below this value will be assigned a sediment discharge of zero.

Up to three different rating curves may be selected for flows of increasing magnitude.
The High Discharge box of rating curve 1 must correspond to the Low Discharge box of rating
curve 2 and the High Discharge box of rating curve 2 must correspond to the Low Discharge of
rating curve 3. If a High Discharge is identified for any rating curve it must be selected for all
rating curves and any discharge inputs above the largest High Discharge boundary will be

assigned a zero sediment discharge.

5.2.3 Use Sediment Transport Equation

The user may select the Use sediment transport equation instead of a sediment transport
rating curve. This option will trigger an additional menu once the Continue button is pressed.

See Chapter 6 for a description of sediment transport options.

53 EFFECTIVE DISCHARGE TOOL (BIN INFORMATION)

The effective discharge method as performed within GeoTool is categorized as a
magnitude-frequency analysis. The distribution of flows is divided into a number of “bins’
(Figure 5.4), which span from the minimum discharge to the maximum discharge. The
distribution of these bins can be either arithmetically or logarithmically distributed (henceforth
called the “type’” of binning). The number and type of bins substantialy affects the
determination of the effective discharge and great care should be taken when making these
choices. GeoTool provides the user an efficient method of examining many different bin size
distributions for making the “best” determination of the effective discharge.
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— EFfective Discharge Tools
— Bin Yariation Option

— Twpe and Number of Bins

Separate number of bins with
COMMas,

[ Arithmetic Bins

Number of Yariations: Murnters I

r Logarithmic Bins

[UrmEes: I

Figure 5.4 — Bin Selection screen shot, where the user specifies the number and type of bins
to use in the effective discharge analysis.

5.3.1 Bin Variation Option

5.3.1.1 Number of Variations

It is well known that bin specification is an important factor when determining an
effective discharge (e.g., Bidenharn er al 2000, Hey 1997, Holmquist-Johnson 2002).
Holmqui st-Johnson (2002) also discussed some standards for selecting the number and type (i.e.,
Arithmetic or Logarithmic) of bins. Therefore, it may be desirable to run many different bin set
ups for the same input file. It is possible to run the program multiple times for each flow record
file specifying a different number of bins for each run only when no file comparisons are being
made. If Effective Discharge (Single File) was selected on the Opening menu than the user may
enter up to 50 different bin number variations that they would like run for a single type. If
Effective Discharge (Compare Multiple Files) was chosen from the Opening menu the Number
of Variations option will be disabled and the integer 1 will be observed in this text box. Thisis

to ensure that the same numbers of bins are being used for each of the files being compared.

5.3.1.2 Type and Number of Bins

As stated previoudly, it has been documented that bin specification plays an important
role in effective discharge results (Holmquist-Johnson 2002). Therefore, care should be taken
when choosing the Type and Number of Bins. When multiple numbers of variations have been
entered (Figure 5.4), each variation must be entered into the text box next to either the Arithmetic

or Logarithmic option in a comma-delimited manner. Only one choice may be made for program
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execution. Thus, if five has been entered into the Number of Variations text box (Figure 5.4)
then five integers must be entered into either the text box corresponding to the Arithmetic option
or the text field corresponding to the Logarithmic option. An example of an incorrect entry is to
put three integers into the Arithmetic text box and two integers into the Logarithmic text box.

Thiswill generate an error.

e Arithmetic Bins

Arithmetic Bins are specified as follows. The lowest bin boundary is set to the minimum

flow in the flow record. Each bin has a domain size equal to:

Qmax B Q min
N, (5.1)

Omax = Maximum flow in the record;

Q... = minimum flow in the record; and

number of bins.

g
I

Thus if the user specifies 10 bins for a flow record with a maximum value of 110 cfs and a

minimum value of 10 cfs then the bins will be divided as shown in Table 5.1.

Table 5.1- Sample arithmetic bin distribution.

Lower Bin Upper Bin

Bin Number | Boundary Boundary
1 10 20
2 20 30
3 30 40
4 40 50
5 50 60
6 60 70
7 70 80
8 80 90
9 90 100
10 100 110
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If aflow corresponds exactly to one of the bin boundaries, it is assigned to the lower bin,

except in the case of the minimum flow in the record, which always goes into the first bin.

e Logarithmic Bins

If Logarithmic Bins are selected, the specification is as follows. A preliminary bin is
specified with aflow range of 0 to O (Table 5.2). The rest of the flow record is divided into the

number of bins selected by the user, where the lower and upper bin boundaries are:
o\L08(QminJH(B-2FLI) 5q (5.2)

e(LUg(Qmm )+(B_1)*L1) , (5,3)

respectively, where B isthe bin number (i.e., Bl N,, where N is the total number of bins; for

the case represented in Table 5.1, Ny = 10), LI is the Logarithmic interval between the minimum

and maximum flows defined as:

Ll= In(Qmax)_ In(Qmin) ) (54)
N, -1

Table 5.2 — Sample logarithmic bin distribution with minimum nonzero flow equal to
3.11(10™) and maximum flow equal to 37.1. The dimensions are L*/T.

Cower Bin Upper Bin

Bin Number [Boundary Boundary
0.00E+00 0.00E+00

1 3.11E-04 1.00E-03
2 1.00E-03 3.22E-03
3 3.22E-03 1.04E-02
4 1.04E-02 3.33E-02
5 3.33E-02 1.07E-01
6 1.07E-01 3.46E-01
7 3.46E-01 1.11E+00
8 1.11E+00 3.58E+00
9 3.58E+00 1.15E+01
10 1.15E+01 3.71E+01

28



5.4 CHANNEL CHANGE TOOLS

GeoTool offers the opportunity to calculate four indices related to channel stability and

change:
.
.
.

Bed Stability Index,
Mobility Index,

Specific Stream Power, and
Scour/Fill Depth.

The actual calculations of these indices are described in the output section of this manual

(see Section 7.1.1). The user must enter the information required to make the calculations for

each of the indices that they select to have calculated. Only those text boxes relevant to the

chosen indices are enabled in Figure 5.5.

— Channel Change Tools

Flope (Ft | FE)
I Bed Stability Index

K50 {ramm)
i~ Mobility Index

&4 ()
|v sSpecific Stream Power

90 {rann)
¥ ScourfFill Depth

ICharacteristic ‘Width
i3]

Epecific Weight
Fediment (lbsffts)

Figure 5.5 — Channel Change Tools frame screen shot. Only the input text fields necessary
to calculate the desired indices are enabled.

5.5 OUTPUT OPTIONS

Although GeoTool requires input files to have English units, the user can specify that

outputs have either English or Sl units (Figure 5.6). In addition, GeoTool output in effective

discharge file comparison mode allows the user to specify whether comparison is made between

PDFs, CDFs, both PDF and CDF, or neither.

If PDF/CDF comparisons are to be made, the

parameters compared are discharge, sediment transport, shear stress, stream power and specific

stream power, and scour/fill depths.
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Cutput Gptions
' Mo Comparison Charts

™ Use 51 Units (Default = English) " PDF Compatison Charts

" CDF Comparison Charts

" PDF and CDF Compatisons

Figure 5.6 — Output Options screen shot, where the user specifies which units are used for
outputs. For comparisons of multiple flow records the user can specify what types of
comparisons are made. The user can also elect to leave the application open when
computations are complete.

By default, GeoTool closes itself at the end of effective discharge calculations. If the
user would like to keep the program open and restart it from the Input Sheet they can choose this

option by checking the Leave Application Open When Finished check box.
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CHAPTER 6
SEDIMENT TRANSPORT OPTIONS

In addition to using a sediment rating curve (described in Section 5.2.2), the user also has
the option to use one of severa theoretical sediment transport equations. The sediment transport
equation interface is shown in Figure 6.1. This interface allows the user to specify which
sediment transport equation they would like to implement as well as prompts for the required
parameters to perform the calculations. Sediment transport options are discussed below.

Sediment Transport Rate Calculator (Yersion 1.0} ﬂ

— Select Equation ——————— Select Units
Bagnold Total Load o & Salect 5.1 Units
vang's Sand, dso d ™ Select English Units

— Channel Properties

Discharge {m3/s) Temperature (2
Energy Slope (mynm) = ()
dwverage Welocity (m/s) [ dis ()
Hydraulic Radius (m) T dea ()
Effective Width {m}

Zancel Conkinue ==

Figure 6.1 — Sediment Transport Rate Calculator screen shot, where the user selects a
sediment transport equation to use and inputs the necessary parameters to complete the
computations.
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6.1 SELECT EQUATION

In the Select Equation frame (upper left corner of the sediment transport equation

interface, Figure 6.1), the sediment transport equation list is displayed. For each calculation of

effective discharge the user can choose one of five sediment transport equations that have been

previously developed and are widely used in calculations of sediment transport rate. These

equations are discussed in the following sections.

6.1.1 Brownlie Total Load

The Brownlie (1981) total load equation is given as:

where;

ppm

Z I VT o T

R

V V 1.978 R ~0.3301
C =7115¢,| ——rc | § 0% = 6.1
o ’{ (G -1)gd, J 7\, ©1)

concentration of sediment (parts per million (ppm));

coefficient that is assumed to be 1.268 for field data [dimensionless];
mean flow velocity [L/T];

critical velocity [L/T];

ratio of the specific gravity of sediment to that of water;
gravitational acceleration [L/T?];

diameter of sediment [L];
friction slope[L/L]; and
hydraulic radius[L].

The critical velocity, V., isdetermined by the following equation:

V, = 459672778 4% 019 (G - 1)gd, (6.2)
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where:

T, critical dimensionless shear stress; and

c

o geometric standard deviation of the bed material [dimensionless).

g

The geometric standard deviation is calculated as:

a,
o, = (ﬁJ (6.3)
d16

in which dg, isthe particle size at which 84 % of the bed material is finer by weight and d ¢ is
the particle size at which 16 % of the bed material is finer by weight. Note that dg, and d,, must
be of the same dimension for o, to be dimensionless. If o, is calculated to be greater than 5 it

defaults to 5. The critical dimensionless shear stress is a function of the dimensionless particle

size, d., which can be expressed as:

V3
d=d (@j (6.4)

2
|4

wherev is the kinematic viscosity of the water-sediment mixture. The concentration of sediment
is assumed low enough to approximate the viscosity of the water-sediment mixture as the
viscosity of clear water. Furthermore, the median particle diameter, ds, (m), is used as d, in

Equations (6.2) and (6.4). The critical dimensionless shear stress is determined by solving the
following equations (Brownlie 1981):

7., = 0.22Y +0.06(10) """ (6.5)
where:
d -0.6
Y:[ PP U ] . (6.6)
Y2 14
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The sediment discharge, Q. , is computed as:

Os =G0 (6.7)
where:
O = water discharge [L¥/T]; and
C, = concentration of sediment by volume [dimensionless].

C, isdetermined from the concentration in ppm and specific gravity of the sediment. The units
of the sediment discharge, Q. , are volume of sediment per time. The sediment discharge can be

converted to units of weight of sediment per unit time (e.g., sediment discharge is commonly
reported in units of U.S. tons per day, a U.S. ton is a short ton = 907.18 kg) using the specific
gravity of sediment.

6.1.2 Bagnold Total Load

The Bagnold (1966) Total Load equation may be expressed as (Julien 1995):

g, = (GTO—:)[% + 0.01(01] (6.8)

N

where:

g, = total sediment load per unit width of channel [F/L/T];

r, = averageboundary shear stress [F/L?;

e, = bedload efficiency factor and istypically between 0.2 to 0.3 [dimensionless]; and
o, = fall velocity of the sediment [L/T].

The average boundary shear is computed from:
7o = YRS, (6.9)

where y isthe specific weight of water. The bedload efficiency factor, ez, is assumed 0.25.
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The particle fall velocity, o, , is computed according to Rubey’s (1933) equation, which

Julien (1995) presents as.

2 3612 3612
=|./= — 1/iG—li d. . 6.10
” [\/3+ (G ~1)gd \/(G—l)gdf’ ] o ¢10

Multiplying ¢, by the channel width gives the sediment load in units of weight of sediment per

unit time, which is converted into units of U.S. tons per day (1 U.S. ton = 907.18 kg). Julien
(1995) notes that the Bagnold equation is best suited for fully turbulent flows where the transport

rateislarge.

6.1.3 Meyer-Peter and Mdller Bedload

The Meyer-Peter and Muller (1948) equation computes the volumetric bedload transport
rate per unit width of channel. The ssimplified form (Chien 1956) is presented by Julien (1995)

as.

Gy, =8(z. —7.. (G -1)gd? , (6.11)

where

q,, volumetric bedload transport rate per unit width of channel [L*/T/L]; and

dimensionless shear stress.

Ts
For the Meyer-Peter and Muller (1948) equation, a value of 0.047 is recommended for
the critical dimensionless shear stress, ... The dimensionless shear stress is computed as:
7, RS,

T, = (G—l)}/ds = (G—i)d . (6.12)

S

Note that the Meyer-Peter and Mdller equation is valid only for z. >z... Therefore,

whenr. < z.. the bedload transport rate is zero.
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Knowing the specific gravity of the sediment and the width of the channel, the volumetric

bedload transport rate, ¢,, , is converted to a daily sediment load in units of tons per day.

6.1.4 Yang’s Sand, ds, Total Load

The total sediment concentration in ppm can also be estimated using the method
presented by Yang (1996). For bed material consisting of predominately sand, Yang's
relationship is:

U

logC,,, =5.435— O.286IogwsTdS ~0457l0g~

d V 1 (6'13)
“% 031410 ™ jlog(isf e Sf}
14 [0 [0 w

N N N

+ (1.799 —0.40910g
where u. isthe shear velocity [L/T], and is computed as:

U, :\/ZO = ./gRS, , (6.14)
Yo,

where p isthe density of the water sediment mixture [M/L°], which is assumed to be equal to

the density of clear water at 20°C. In the Yang equation, the ratio of critical velocity to particle
fall velocity is given according to the following equation (Y ang 1995):

v _ 5‘5 1066 for 12<%% o170 (6.15)
@, Iog(u* sj—o.oes Y
1%
and
Ve _205 for “%s10, (6.16)
o, 1%

Note that the Y ang approach yields a zero concentration when ¥, >V or when w.d, /v <1.2.
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6.1.5 Wilcock Two-phase Bedload Transport

GeoTool can aso compute sediment transport based on the work of Wilcock and
Kenworthy (2002). This method uses a two fraction, sand and gravel, transport model which
accounts for the nonlinear effects of sand mixing with gravel on total sediment transport rates.
The surface transport model from Wilcock and Kenworthy (2002) is implemented within
GeoTool. The user must provide GeoTool with values of D, and D, characteristic surface grain
sizes for the sand and gravel fractions, respectively. The value of F;, somewhere between 0 and
1, is the proportion of the surface sediment in the sand fraction and must also be provided aong
with values of channel width, w, and slope, S. The sediment transport is calculated for sand and
gravel size fractions separately. In Equations (6.17) through (6.21), the subscript i represents
either the sand or gravel size fraction. To calculate the sediment transport per unit channel width
the following procedure is completed. First the dimensionless incipient motion criteriais solved

for as;

T:i = (T:i )1 + |:(T:i )0 _(T:i )1:| et (6.17)

where the incipient motion parameters are given for the surface transport model in Wilcock and

Kenworthy (2002) Table 3 as (¢, ), = 0.035, (¢, ), = 0.011, (¢, ), = 0.065, and

(), = (., )[DAJ - (6.18)

The reference shear stress for each size fraction is then calculated as:

7, =1,(G-1)gD, . (6.19)

A parameter designated as the ratio of actual shear stressto reference shear stress:

$=— (6.20)
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IS necessary to calculate the transport function of the form:

0.002¢"°  forg<¢'
5

Wi = A(1—¢§_(25j forg>¢' (6.21)

Within the transport function in Equation (6.21), 4 is a fitted parameter, and ¢' and y are

chosen to match the value of a slope of the two parts of the function. The values implemented
within GeoTool are taken from the calibration for field data from Wilcock and Kenworthy (2002)
inwhich 4 = 115, ¢' = 1.27, and y = 0.923. The sediment transport per unit channel width is

then calculated for each size fraction as:

(6.22)

The total sediment transport, per unit channel width, is calculated as the sum of ¢, and g,.

6.2 SELECT UNITS

Although the current release of GeoTool allows the user to select whether output data
will be displayed in either Sl or English units, the user must enter sediment transport equation
parameters in units consistent with the English system of measurement (e.g., ft, ft/s, and °F). The
only exception is substrate particle diameter, which must be entered in units of millimeters. The
toggle to Select SI Units is disabled for the sediment transport equation interface when
computing effective discharge, and English units will be selected automatically.

6.3 CHANNEL PROPERTIES

Once a sediment transport equation has been selected from the Select Equation frame,
labels will appear in the Channel Properties frame for only those text boxes where Channel
Properties must be entered. The labels will instruct the user as to which property isto be entered,
as well as the necessary units (see Figure 6.1). The user is prompted to enter the required

information about the channel geometry and substrate in the text boxes at the center of the
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interface based on the equation selected. Since the different equations require different input
data, the program will enable only those text boxes and labels for the required values. All other
text boxes and their corresponding labels will be disabled. If auser opts to change equations, the
text boxes and their labels will change accordingly, and clear the data already entered into text

boxes.

6.4 EFFECTIVE DISCHARGE INFORMATION

When the user selects Continue on the sediment transport equation interface after
entering al pertinent data, the Channel Characteristics menu appears (Figure 6.2). Because
some of the sediment transport equations utilized by GeoTool rely upon parameters that vary
with discharge (specifically, mean flow velocity, V', and hydraulic radius, R ), GeoTool has the
capability to allow these parametersto vary with discharge.

Channel Characteristics |

— First Hydraulic Radius Function
Hydraulic radius as a power function as a function
af flowrate.

R=c0%
C cc:ef’ﬁu:ient:l d exponent= I

IV iClick here to enable the use of bwo bydraulic radius relationships, |

— Discharge Separating Relationships

Enter discharge at which to switch relationships
{cfs ) I

— Cwverbank Hydraulic Radius Function
Hydraulic radius as a power function as a function
of flowrate for depths exceeding bank height,

RrR=eQ"
e cu:nefﬂcient:l f exponent= I

— Welocity Funckion

Enter Manning roughness 1o calculate average channel
velocity,

Manning's n=

Cancel | Conkinue s> |

Figure 6.2 — Channel Characteristics screen shot, where the user defines information about
channel geometry as a function of volumetric flow rate. The user can simulate a floodplain
as well as define channel roughness if necessary.
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6.4.1 First Hydraulic Radius Function

To obtain the hydraulic radius for each bin of the input flow record, the following
relationship is utilized by GeoTool:

R=cO* (6.23)

where

¢ = regression coefficient; and

d = regression exponent.
In the current version of GeoTool, the user must specify the values of the coefficient and
exponent for R = f(Q) in English Units corresponding to R in ft and Q in cfs. It is
recommended that the user determine ¢ and d from regression of concurrent observations of

hydraulic radius, R, and discharge, Q. If concurrent measurements of hydraulic radius and

discharge are unavailable, the user may consider using a hydraulic simulation model such as

HEC-RAS (http://www.hec.usace.army.mil/) to generate values of hydraulic radius over a range

of discharges. Then, nonlinear regression methods may be used to determine the regression
parameters. A nonlinear regression approach is more appropriate when the input flow record

contains discharges across several orders of magnitude.

6.4.2 Discharge Separating Relationships and Overbank Hydraulic Radius Function

Recognizing that relationships describing hydraulic radius may be different depending on
whether the flow is in-channel or overbank, an option is available to input a second relationship
for hydraulic radius. This allows the user to specify hydraulic radius for those discharges in the
input record that produce stages above the bankfull stage. The user smply selects the option to
use a second function (Figure 6.2), and enters the coefficient and exponent of the second
function. The user then inputs the discharge above which the second relationship isto be used. If
the discharge corresponding to the overbank stage is not known one method of estimating it isto
visualy inspect or utilize a statistical technique (e.g., piecewise regression plot of hydraulic
radius versus discharge) to discern the discharge that coincides with the approximate overbank
stage. Regardless of the technique utilized, the effort should determine the discharge at which a
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change in the slope of a regression line in the log-log domain between hydraulic radius and
discharge occurs.

6.4.3 Velocity Function

Sediment transport equations requiring a mean flow velocity as an input will require that
the user input the Manning roughness coefficient. The user is cautioned that the value selected
for the Manning roughness coefficient should be representative of the entire flow record. When
possible, it may be reasonable to estimate the Manning roughness coefficient at various values of
discharge and subsequently use an average value. Again, a hydraulic simulation model may be
utilized when observations are unavailable.

It is also suggested that the user consider the idea that the friction slope may change
significantly with changes in discharge. Hence, for sediment transport equations where a friction
slope is required, the value should be representative of the entire flow record. Again, the user
may utilize some average value determined by using a hydraulic simulation model to generate

friction slope at various values of discharge.

6.5 COMMENTS ON SELECTING SEDIMENT TRANSPORT
FORMULAE

It is expected that users have some familiarity with the underlying concepts of sediment
transport. Specifically, the user should understand that the various sediment transport equations
were developed with differing field/experimental conditions, data, assumptions, and purposes.
The user is strongly encouraged to carefully assess the flow, channel, and substrate
characteristics against the range of applicability for a specific sediment transport equation. The
user should carefully consider the predominant mode of transport in their situation. One method
of determining the mode of sediment transport suggested by Julien (1995) utilizes the ratio of
shear velocity, u. , to particle fall velocity, @, and the criterialisted in Table 6.1.
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Table 6.1 — Identifying the mode of sediment transport.

u o, Transport Mode

<04 Bedload
04< u./w, <25 Mixed load

>25 Suspended load

The user should also consider that all sediment transport equations yield estimates of
sediment transport capacity. However, the actual amount of sediment available for transport may
be less than the transport capacity of the channel (i.e., supply limited). The sediment transport
capacity as determined through use of sediment transport equations will be equivalent to the
actual sediment transport rate only when the sediment supply exceeds the sediment transport
capacity (i.e., capacity limited). The user is encouraged to refer to Julien (1995), Reid and
Dunne (1996), Yang (1996), and Richardson er al. (2001) for further guidance on selection
criteriafor sediment transport relationships.
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CHAPTER 7
OUTPUTS

7.1 SINGLE FILE EFFECTIVE DISCHARGE

When using the Effective Discharge portion of GeoTool, each flow record generates a

summary sheet of outputs as well as a sheet with the input values selected by the user.

7.1.1 Summary Sheet

The summary sheet generated by GeoTool provides a variety of information. The items
included are the flow parameters associated with the:

e effective discharge calculations,

e scour/fill distributions,

e annual maximum flow series,

e annua minimum flow series, and

e annual average series.

Additionally, a table of flow regime statistics and a series of charts are displayed. The
output provides the user with data that describes the parameters for each bin. Each of these
components of the summary sheet is discussed in the following sections, including a description

of how the parameters are derived.

7.1.1.1 Bin Outputs

GeoTool calculates 20 values associated with the bin index and the flow record for each
bin, except the 0 — 0 bin with logarithmic distributions. A sample output sheet is presented in

Figure 7.1. The specific equations used for the calculations are as follows:

43



How- Scon eFll Ete i
DKCEI':G‘”EIEI‘I Excie dancs DEtrbatb Dichal
) Chat Chat SconeFlChart
Mean 90%
Sediment | Specific Scour Scour
Lower Bin Upper Bin |Average Transport | Bin Hydraulic |Shear  Stream Mobility Stream Bed Rl Fill
Boundary Boundary | Flow Flow [tonsiday] Sediment Radius  SUesS  Power  Water Water Sediment Sediment Indez | Power  Stability Depth Depth
[sfs] [sfs] [ofs] Frequency PDF  COF {1000 Load Ift] [bif*] [ibis]  PDF | COF | PDF CDF [ftis"5] [Ib#f"s] Indez[1 [ [#t]
O.0E+00 0.0E+00 0.0E+D0 0.0E+00 0.0E+00 0.0E«00
11E-01 ETE+00 2.3E+D0 TOE+03 TOE-O1  T.OE-O1 2.3E-03 2.0E+D0 BJE-O1 FBE-01 15E+00 F4E-01 J4E-01 FAE-D F4E-01 NiA 0.0E+00 BEED1 MNIA A
S.TE+DD 1IE+01 B.5E+00 13E+03 13E-01  &.3E-01 &.5E-03 1BE+DD FAE-01 5.3E-01 S3E+00 2TE-1 GIE-O1 2.TE-01 6.E-01 Ni& 2.6E-01 10E+02 N'A Ri&
1101 1TE1 14Ea0T S.0Ew02| 6.0E-02 35E-01 14602 SAE-01  12E0|  TEE01  S5E400 14E-01 TEEDM 1401 TEE0 Mia TEE0  13EW02 MA | MiA
17E-01 2.2E+01 2.0E401 25E+02 25E-02  A.TE-01 2.0E-02 4.3E-01 1.3E+00 B2E-01 1.2E+01 8.3E-02 B4E-01 £.3E-02 S4E-01 NiA 1.3E+00 15E+02 MIA e
2.2E-01 2.8E-01 25E0 Q2E+D1 2E-03 3.8E-01 2.5E-02 2.3E-01 1.5E+00 21E-01 16E+01 3.3E-02  S.8E-01 3.9E-02 GHE-01 NiA 1.5E+00 16Ee02 MNIA Hi&
2.8E+01 JAE+D1 3JE4M BJIE+D1 BJE-03  3.3E-01 SIE-02 13E-01 16E+00 38E-01 13E+01 3.2E-02 3IE-M1 3.2E-02 BIE-01 Nis 23E+00 1TE+D2 M'A Ri&
FAE01 FIELD FEE.D 3IE+D1 BTE-03  9.3E-01 3EE-02 1.3E-01 1TE«00 14E+00 23E+01 2.3E-02 3.3E-01 2.3E-02 BIE-01 NiA 28E.00 13E+02 MIA e
FBEA01 4.5E+01 4.2E+01 2.5E+D1 25E-03  1.0E-00 4.2E-02 11E-01 18E+00 14E+00 2EE+01 1.ZE-02 3SE-01 18E-02 ASE-01 NIA FIE-00 2OED2 MIA A
4.5E+01 S.0E+01 4.5E+01 16E+01 1L6E-03 1.0E+00 4.3E-02 T.RE-02 13E+00 = ) F0E+01 13E-02 3.6E-01 13E-02 ABE-O1 NiA 38E+00 2AE+02 NA Ri&
5.0E+01 S.BE+O1 5.3E4M 1.0E+01 1LOE-03 1.0E+00 5.3E-02 5.3E-02 2.0E+00 1.2E+00 3.3E+01 3.0E-03 0 3TE-01 A0E-0F ATE-O1 Nis 4.2E+00 2.2E+02 MiA Ri&
SEE«D1 6.2E+01 E3Es 10E+01  1.0E-03 1.0E.00 E.3E-02 5.3E-02 2.0E+00 1.3E«00 BIE+01 3.3E-03  3.EE-01 AIE-03F BBE-01 NiA 4.TE+00 23E.02 MIA e
6.2E+01 E.TE+01 E4E+01 FOE«00 F.0E-04 10E+00 E.4E-02 1.3E-02 2.E+00 1.3E+00 4.0E+01 3.3E-03  3.3E-01 FIE-03F BBE-01 NIA E2E+00 23E02 WM& A
B.TE+D1 TEESD T.OE+0 40E+00 4.0E-04 10E+00 T.0E-02 2.5E-02 2.2E+00 1.4E+D0 4.4E+01 4TE-03  3.3E-01 4.7E-03 B3E-01 NiA ETE+00 SAED2 MIA LT
T.3E«01 TEE«O TREs 0.0E+00 0.0E+00  1.0E+00 T.EE-02 0.0E+00 2.3E+00 1.4E+00 4TE+01 DOE+00 3.3E-01 O.0E+00 A3E-01 NiA B.2E+00 25E+02 MIA LITES
T.BE+01 SAE+D1 SAE+ 10E+00 1.0E-04  1.0E+00 &IE-02 &AE-0F 2.3E+00 14E+D0 SJE+01 14E-0F 3.3E-01 14E-0F A3E-01 NiA G.TE+00 2BED2 MiA &
S4E-01 A0E-D1 S.TE+0 10E+00  1.0E-04 1.0E+00 8.9E-02 #7603 24E+00 1.5E+00 S4E+01  15E-03 3.9E-01 15E-0F 2E-01 NiA T.2E+00 2BED2 MiA HiA
A0EL01 ASE«01 A.2E401 0.0E«00 0.0E+00  1.0E.00 9.2E-02 Q.0E«D0 24E+00 1.5E+00 ESE+01 Q.0E+D0  3.3E-01 0.0E+00 B9E-01 NIA T.TE+00 2TEL02 MNA LITES
356401 10Es02 3.5Ee01 10E400| LOE-02 10E+00 SPE-02  88E-03  2SE.00  1BEs00  GIEs01 L{E-03| S.3E-01  17E-03 93601 WA SEEwn|  2EE02 WA MiA
1OE+D2 1LIE+02 10E+D2 20E+00 2.0E-04 1.0E+00 1.OE-01 2JAE-02 26E+00 1BE+DD G.5E+01 3S5E-03 1.0E+00 35E-03 LOE+00 NiA STE+00 2BE02 MiA ['TEY
11E+02 1IE+02 1IE+02 00E+00 0.0E+00 1.0E+00 11E-01 Q.0E+D0 2EE+00 1EE+DD E.3E+01 0.0E+00  1.0E+00 0.0E+00 1LOE+00 NIA S.2E+00 2IED2 MIA NiA
14E+02 1.2E+02 11E+02 0.0E«00 0.0E+00  1.0E.00 11E-01 Q.0E«D0 2TE+00 1.7TE+00 T.2E+01 Q.0E+D0 1.0E.Q0 0.0E+00 1LOE+00 MIA BTEL00 ZOE02 ML LITES
1.2E+D2 12E+02 12E+02 0.0E+00 0.0E+00  1.0E+00 1.2E-01 0.0E+00 2.TE+00 1.TE+00 T.5SE+01 Q.0E+00 1.0E+00 D.0E+0D LOE+00 Ni&A 1.0E+01 SOE«02 MtA ['TEY
1.2E+D2 1.3E+02 1.3E+D2 0.0E+00 0.0E+00 1.0E+00 1.3E-01 Q.0E+DD 2.5E+00 1.7E+00 T.9E+01 QOE+D0 1.0E+00 0.0E+00 1LOE+00 NiA 11E+01 DAERD2 MNIA HNi&
1.3E«02 1.3E+02 1.3E+02 0.0E«00 0.0E+00 1.0E.00 1.3E-01 0.0E«D0 2.8E+00 1.EE«00 S.2E+01 0.0E+00  1.0E-00 0.0E+00 1LOE+00 MIA 11E+01 FAEL02 MIA [IIEY
1IE+D2 14E+02 14E+D2 10E+00 1.0E-04  1.0E+00 1.4E-01 14E-02 23E+00 1BE+DD SEE+01 2.3E-03  1.0E+00 23E-03 LOE+00 NiA 1.2E+01 32E+02 MiA ['TEY
UM BIN
SEDIMENT
LOAD 5.9E+00

Figure 7.1 — Sample bin outputs section screen shot from a summary sheet generated by
GeoTool when running 35 logarithmic bins in effective discharge calculation mode.

The bin boundaries are calculated as specified in the Effective Discharge Tool (Bin
Information) (Section 5.3).
arithmetic bins (Equation (7.1)) and geometric average for logarithmic bins (Equation (7.2)),

where:

o
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The average flow within the bin is the arithmetic average for
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d

max

mean discharge for the bin (units/dim);

maximum discharge (units/dim) for the bin.

minimum discharge (units/dim) for the bin; and

(7.1)

(7.2)

The flow frequency, B, , isthe number of flows that occurred during the length of record

between the lower and upper bin boundary. The Bin Probability is:




Bin Probability:f/—N, (7.3)

T

where, Nristhetotal number of flowswithin the record. The Cumulative Bin Probability is:

Np
CumulativeBin Probability = Z Bin Probability, . (7.4)

i=1

The sediment transport, Q. , is determined from mean bin flow, Q_B using the sediment

transport relationship selected by the user on the User Input Options menu (Figure 5.1). The bin
sediment load, Qs ,is:

0, =0, -Bin Probability . (7.5)

Since effective discharge is the term applied to the single value of discharge responsible
for transporting the most flow over a range of flows, it is often identified as the bin with the

highest value of O; . The row with the bin reflecting the highest value of Qg is highlighted in

green (Figure 7.1). Frequently two peaks exist in the distribution of sediment transport across
the range of bins. In this situation, one of the peaks may reflect the sediment transported by very
large, infrequent flow events or very frequent low flows in fine-grained channels. While flow
events with extremely high or low frequencies are geomorphically influential, research indicates
that more frequent flow events with recurrence intervals between 1 to 5 years are primarily
responsible for channel dimensions in many instances. Therefore, when the effective discharge
algorithm results in more than one peak in the distribution of sediment transported across the
bins, the bin (row) corresponding to the second pesk is highlighted in light blue. The total

sediment transport over time, Q' s, , in the flow record is:
Ny )
0's, =0, , (7.6)
i=1

and is shown at the bottom of the Qg column on the summary sheet and is highlighted in bright

blue. The hydraulic radius, R, is calculated at @ 5 as apower function using the parameters
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specified by the user in the Channel Characteristics menu (Figure 6.2). For additional
information and help interpreting effective discharge calculations, the user is directed to Watson
et al. (1997), Soar (2000), and Holmquist-Johnson (2002).

The shear stress is defined as in Equation (6.9). The slope entered in the User Input
Options menu or Sediment Transport Options menu is either the bed slope or friction slope as
determined by the user. If no slope is entered, a default value of 0.01 [L/L] isused. The stream

power, Q ,is:
Q=70,S,. (7.7)

The flow Bin Probability and Cumulative Bin Probability, Bin Probability, and Cumulative Bin
Probabilityq, respectively, are:

Bin Probability,, = NBQB and (7.8)
D0y,
i=1
B
CumulativeBin Probability,, = ZBin Probability, , (7.9)
i=1
where:
Ny = tota number of bins; and
B = bin of interest.

The sediment PDF and CDF, PDFs and CDFs, respectively, are calculated as in Equations (7.8)
and (7.9), using Qg inlieuof Q,. The mobility index (1) is defined as:

_g |2
MI_S\/;, (7.10)

where, ds) isthe median grain size [L] (Chang 1988, Bledsoe and Watson 2001). Thisindex was
developed in part as a measure of channel form and adjustment in cases where channel width

data are unavailable (e.g., van den Berg 1995). Specific stream power is:
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o= IndS (7.12)
w w
where:
w = channel width[L]; and
v, = Specific weight of water and sediment mixture.

The user should acknowledge that in this version of GeoTool, discharge and width are not
partitioned to floodplain and channel values. Therefore, GeoTool inadequately represents the
stream power for a floodplain scenario with overbank flows. Specific stream power has also
been used as a measure of channel form and response (e.g., Bledsoe and Watson 2001).
The bed stability indicator (BSI) is (Olsen et al. 1997):
z-B

BSI =5, (7.12)
T

c

where:
7, = shear stress associated with Q_B ; and

7, = shear stress at which dg, ismobilized [L].

c

The BSI represents excess energy relative to that which mobilizes dss, the grain size often held as
the grain size responsible for controlling channel form.

The mean scour fill depth and the 90% confidence interval scour fill depth are determined
(after Haschenburger 1999) as.

6=He 7, (7.13)
where:
1/6 = mean scourffill depth (cm);
r, = dimensionless shear stressat O, ;
r. = dimensionless shear stress used to normalize the equation (assumed as 0.04);
H. = characteristic constant assumed 3.33; and
H, = characteristic exponent assumed 1.52 (after Haschenburger 1999).
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Future modifications to GeoTool will allow the user to specify these parameters. If % IS

greater than a theoretical maximum (2d,, after DeVries 2002), the corresponding cells will be

highlighted in red. If t+ is determined to be less than a critical value (0.045), then the cell within
the summary sheet will be identified as “OUT OF RANGE.” The 90% confidence interval
scour/fill depth is determined using the exponentia density function (Haschenburger 1999):

f&)=6"% (7.14)

where, £ isthe depth in cm.

7.1.1.2 Scour Depth/Fill Table

If the user selects the option to calculate the scour depth/fill table in the User Input
Options menu (Scour/Fill Depth box selected), then GeoTool will provide an output table of
depths associated with the exponentia distribution at the effective discharge (Figure 7.2). Each
depth associated with a non-exceedance probability is calculated using Equation (7.14).

Scour

DepthiFill

Table

Depth [ft] Non-Exceedance Probability
3.5E-01 9.0E-01
24E-01 8.0E-01
1.8E-01 7.0E-01
1.4E-01 6.0E-01
1.0E-01 5.0E-01
7.7E-02 4.0E-01
54E-02 3.0E-01
34E-02 2.0E-01
1.6E-02 1.0E-01
7.7E-03 5.0E-02

Figure 7.2 — Scour Depth/Fill Table screen shot, provides the scour/fill depths associated
with 10 non-exceedance probabilities ranging from 5 to 90 %.

48




7.1.1.3 Annual Time Series

For each year over the period of analysis specified by the user, GeoTool outputs the
maximum discharge in that year as well as the minimum discharge in that year and the annual
average discharge (Figure 7.3). The annual maximum series is used to determine the recurrence

interval of flow events.

Annual Annual Annual
Maximum  Minimum  Average
Year [efs] [efs] Flow [cfs]

1948 6.0E+00 8.9e-1 6.3E-04
1949 1.6E+01 1.3E400 8.7E-04
1850 1.3E+01 7.8E-01 34E-03
1952 5.7E+00 1.0E400 5.7E-04
1956 2.0E+01 99E-01 11E-03
1958 2.6E+00 7.3E-01 1.5E-04
1860 1.6E+01 7.0E-01 1.0E-03
1961 2.3E+01 1.8E+00 2.7E-03
1862 39E+00 8.0E-01 4 4E-04
1964 24E+01 2.0E+00 28E-03
1966 1.1E+00 7.2E-01 2.0E-04
1969 1.2E+00 TAE-01 1.3E-04
1973 7.5E-01 7.5E-01 21E-08
1875 6.5E+00 B8.0E-01 1.0E-03
1977 2.7E+01 9.5-1 33E-03
1878 3.2E+00 T4E-01 3.7E-04
1878 4 GE+00 84E-01 24E-04
1980 8.4E-01 84E-01 24E-08
1882 14E+01 B4E-01 9 89E-04
1984 5.3E+00 7.3E-01 5.0E-04
1887 2.0E+00 7.8E-01 21E-04
1989 1.0E+00 1.0E+00 2.9E-05
1880 29E+00 T4E-01 1.7E-04
1981 289E+01 7.8E-01 31E-03
1993 1.0E+01 8.9E-01 14E-03
1886 ITE+ 0.0E+00 T4E-03

Figure 7.3 — Annual Time Series table screen shot, includes all of the years analyzed and
the respective maximum, minimum, and average discharges.

7.1.1.4 Flow Regime Statistics

Figure 7.4 lists the flow statistics and indices of the flow record. This table includes the
mean annual flow, Qmean amua OF Qma €ffective discharge, and flows with 1.5- and 2-year
recurrence intervals. Effective discharge is the green highlighted row in Figure 7.1. The flow
with recurrence intervals of 1.5 and 2 years is calculated from the Annua Maximum Series
(Figure 7.3), using an empirical frequency distribution (EFD):

N -«
P(z)——N+ﬂ_2a, (7.15)

where, N is the number of years, and « and g are assumed as 0.4 and 1, respectively, an

approximation when the underlying distribution is not known (Cunnane 1978).
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Flow Regime Statistics

Qmean annual [cfs] 5.4E+00
Q effective [cfs] 5.1E+00
Q1_5[cfs] 5.4E+01
Q2 [cfs] 5.8E+01
Q1 5/Qma 1.0E+01
Q1 5/Q e 1.1E+01
Q2/Qma 1.1E+01
Q2/Q e 1.1E+01
Mean Discharge [cfs] 5.5E+00
Mean Discharge Exceedance Timg 1.3E-01
CV annual maximums 3.8E-01
coefficient of skewness 4.8E+00
Sediment Transport [tons/year] 2.6E+03

Figure 7.4 — Sample Flow Regime Statistics table screen shot.

The flood with 1.5- and 2-year recurrence intervals have P(i) = 0.3333 and 0.5,

respectively. Linear interpolation is used to determine a flood rate if necessary. Flashiness

indices (Ql-5 0

ma

: Q1-5/Q , % , and QZ/Q ) are provided as measures of the skew within the

distributions and thus the flashiness of the flow regime. The Mean Discharge is simply the mean

of all of the flows over the given period of interest including the filled data if specified by the

user. The mean discharge exceedance time is calculated by determining the 1 — Cumulative Bin

Probability of the mean discharge. The coefficient of variation (CV) of the annual maximum

seriesis:
(o)
CV — _Qymax ,
Qymax
where:
O,mx = Mmean of theannual maxima; and
oy . = standard deviation of annual maxima

The coefficient of skewness, y,, is.
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_ NT & Qi _Z
0 = N, 0, ~D) % ' (7.17)

09,
where:
Ny = number of flows;
Qy = averageacrossall flows; and
og, = standard deviation of al flowsin the flow record.

7.1.1.5 Output Charts

GeoTool provides graphical outputs of CDF, PDF, effective discharge, and non-
exceedance probabilities. Figure 7.5 is a CDF of flow and sediment and represents the amount
of time that water and sediment are being transported.

Percent Non-Exceedance Chart

1.2E+00

1.0E+00 - ;Fj.v—l-‘—* A
L 8.0E-01 A —e— Water CDF
8 6.0E-01 + —=— Sediment CDF
4 0E-01 - Time CDF
2.0E-01 -

0.0E+00 !

Flow (cfs)

Figure 7.5 — Percent Non-Exceedance Chart. This chart provides information about the
amount of time that a given flow, corresponding to a given sediment transport rate, is
exceeded in time.
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For example, Figure 7.5 demonstrates that 82% of the flow events are less than or equal
to 20 cfs, and that 70% of the sediment is transported by flows < 20 cfs. Further, 97% of the
time, flows are < 20 cfs. The Effective Discharge characteristics are presented in Figure 7.6.
Figure 7.6 presents the distribution of water, the sediment transport function, as well as, the bin
sediment load. As described previously, the effective discharge is defined as the flow
responsible for the largest bin sediment transport. The maximum value is identified with the
green data point. As described in Bin Outputs (Section 7.1.1.1), a second peak in bin sediment
load is identified by alight blue data point. The probability distribution of flow is presented on

the effective discharge plot.
Effective Discharge Chart
—— Sediment Transport Bin Sediment Load —— Flow PDF

2.5E-02 1.4E-01
. 1.5E+01
c + 1.2E-01
& 20E-02f
ey -+ 1.0E-01
2 1.5E-02
oo TIETEE T -+ 8.0E-02
58 3
FZ 10E02 4 4 6.0E-02
c
“E’ -+ 4.0E-02
=  5.0E-03
@ —+ 2.0E-02
n

0.0E+00 - 0.0E+00

Q Q < 4 < s p4
7 @ o 4 \7.\, 636‘ <0

‘6
Characteristic Bin Flow

Figure 7.6 — Effective Discharge Chart depicting the flow distribution, sediment transport
function, and corresponding bin sediment load. The effective discharge is flagged as the
green data point corresponding to the green highlighted row on the bin summary output
(Figure 7.1).

GeoTool outputs two charts associated with the scour/fill option. Figure 7.7(a) presents
the time distribution of scour/fill depths associated with each bin. Figure 7.7(b) is the
distribution of scour/fill depths associated with the effective discharge and corresponds to the
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values in the scour/fill table (Figure 7.2). The red line in both plots represents the theoretical

maximum value of scour depth (2d,).

@ (b)

Mean Scour/Fill Depth CDF Scour/Fill Depth Non-Exceedance Distribution
for Effective Discharge

LOE+00 /o/* M 1.0E+00

9.0E-01 [
9.0E-01 / 8.0E-01 —
8.0E-01

7.0E-01 4
7.0E-01 /

6.0E-01
5.0E-01 4

4.0E-01

Non-Exceedance

Non-Exceedance
Probability

3.0E-01
f 2.0E-01 1
6.0E-01 1.0E-01
l 0.0E+00
5.0E-01 : : 0 8 U, e O On @ OL ¥ %
R T T T A T T - SN
1.0E-02 1.0E-01 1.0E+00 1.0E+01 % Q% Q% % QY Y Y
Scour/Fill Depth Depth

Figure 7.7 — Scour/Fill Depth Charts: (a) The Mean Scour/Fill Depth CDF Chart is a plot of
the time distribution of scour/fill depths associated with each bin. (b) The Scour/Fill Depth

Non-Exceedance Distribution is a chart corresponding to the Scour/Fill Depth Table (Figure
7.0).

7.1.2  Input Summary

User-specified inputs are provided in an Input Summary table (Figure 7.8). The Input
Sheet summarizes the years used in the analysis, and the time interval for flow record. The Input
Sheet also identifies the mode of hydraulic radius determination as well as mode of sediment

transport selected, and the corresponding input variables are listed.

Input Type Option Option Value
All Years =elected

Time Interval for Discharges |Daily

Hydraulic Radius Input a coefficient 0.4
Hydraulic Radius Input b coefficient 045
Weyer-Peter Miller Input =lope 0.012
Mever-Peter Miller Input Effective Width 3.5
MeverPeter Miller Input drn {mm) 30
Weyar-Peter Miller Input Critical Shear Stress 0.047

Figure 7.8 — Sample Input Summary screen shot, lists the input used in the effective
discharge calculation.
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7.2 EFFECTIVE DISCHARGE FILE COMPARISON

When used to compare multiple files in the effective discharge mode, GeoTool provides
output and summary sheets similar to those discussed in previous sections (Figure 7.1 to Figure
7.7). In addition, the input summary is provided as in Figure 7.8. Comparison of flow statistics
and indices between flow records is presented in the Flow Regime Statistics comparison sheet
(Figure 7.9).

_earlyArith bin  t_lateArith bin = teCompArith bin
=25 25 =25

Flow Regime Statistics

Qmean annual [cfs] 5.4E+00 1.9E+01 3.2E+01
Q effective [cfs] 8.5E+00 4.4E+01 7.2E+01
Q1_5 [cfs] 5.4E+01 3.3E+02 5.4E+02
Q2 [cfs] 5.8E+01 4.0E+02 6.6E+02
Q1_5/Qma 1.0E+01 1.7E+01 1.7E+01
Q1 5/Q e 6.3E+00 7.5E+00 7.5E+00
Q2/Qma 1.1E+01 2.0E+01 2.0E+01
Q2/Q e 6.8E+00 9.1E+00 9.1E+00
Mean Discharge [cfs] 5.5E+00 2.0E+01 3.3E+01
Mean Discharge Exceedance Time 2.1E-01 5.6E-01 5.6E-01
CV annual maximums 3.8E-01 7.6E-01 7.6E-01
coefficient of skewness 4.8E+00 1.5E+01 1.5E+01
Sediment Transport [tons/year] 3.0E+02 1.4E+04 4.3E+04
Sum Bin Sediment Load 8.17E-01 3.86E+01 1.18E+02

Figure 7.9 — The Sample Flow Regime Statistics comparison sheet screen shot, depicts the
comparison of three different historical records.

The user has the option of specifying whether they want comparisons made of PDFs,
CDFs, both, or neither. If a comparison is desired, then discharge, sediment transport, stream
power, shear stress, scour/fill depths,” and specific stream power are al determined for
comparison. An additional sheet is added to the output workbook (Figure 7.10) in which
columns providing the PDF, CDF, and other values (e.g., sediment transport and shear stress) are
presented for each flow file. As illustrated in Figure 7.10 the effective discharge and second
peak, if appropriate, are highlighted in green and blue, respectively. In addition to the tabular
comparison, achart is presented which graphically presents the variables (Figure 7.11).

" Only if these options are selected (Figure 5.5)




Sediment Sediment Sediment Sediment Sediment

Transpert Transport Transport Transport Transport
[tensiday]f  0%imp.GTLog [tensiday]i 6%imp.GTLeg [tensiday]! 7%imp.GTLog [tensiday]! 082yr.GTLeg [tensiday]! 0&BMP.GTL
Bin Number 1000 bin=36 1000 bin =36 1000 bin=36 1000 bin =35 1000 og bin=35

1 0.0E+00 5.9E-07 0.0E+00 57E07 0.0E+00 57E07 0.0E+00 5.BE-07 0.0E+00 5.7E-07

2 0.0E+00 1.1E-05 0.0E+00 3.9E-04 0.0E+00 6.3E-04 0.0E+00 2AE-03 0.0E+00 6.9E-05

3 0.0E+00 1.1E-05 0.0E+00 1.4E-04 0.0E+10 B.3E-04 0.0E+00 2.8E-03 0.0E+00 77E-DS

4 0.0E+00 8.9E-06 0.0E+00 1.3E-04 0.0E+00 B.7E-04 0.0E+00 2.0E03 0.0E+00 1.0E-04

-] 0.0E+00 5.9E-06 0.0E+00 1.0E-04 0.0E+00 TAE-D4 0.0E+00 1.4E-03 0.0E+00 1.4E-04

B 0.0E+10 2.4E-06 0.0E+00 1.2E604 0.0E+00 4.2E-04 0.0E+00 1.86-03 0.0E+00 8.8E-05

7 0.0E+10 5.3E-06 0.0E+00 87605 0.0E+00 3.3E-04 0.0E+00 12603 0.0E+00 6.5E-05

g 0.0E+00 4.2E-06 0.0E+00 9.2E08 0.0E+00 29E-04 0.0E+00 1.1E03 0.0E+00 5.9E-05

9 0.0E+00 2.4E-06 0.0E+00 4.8E-05 0.0E+00 24E-04 0.0E+00 9.5E-04 0.0E+00 1.4E-04
10 0.0E+10 4.7E-06 0.0E+00 5.3E-05 0.0E+00 27E04 0.0E+00 5.8E-04 0.0E+00 1.7E-04
1 0.0E+00 5.9E-06 0.0E+00 3.3E05 0.0E+00 27E04 0.0E+00 2BE-04 0.0E+00 5.0E-05
12 0.0E+00 2. 4E-06 0.0E+00 3AE-05 0.0E+00 1.3E-04 0.0E+00 4.BE-05 0.0E+00 4.2E-05
13 0.0E+00 4.2E-06 0.0E+00 1.3E-05 5.2E-04 1.2E-04 0.0E+00 5.3E-05 0.0E+00 3.5E-05
14 1.4E03 3.0E-06 3.0E-03 27ED5 B.BE-03 1.1E-04 1.0E-03 4.2E-05 1.1E-03 27E-D5
15 81E03 1.8E-06 1.1E-02 1.3E08 1.7E02 8.9E-05 7AEO3 B.5E-05 7AE03 2.2E-05
16 1.8E-02 3.0E-06 2.3E02 1.1E08 3AE02 8.5E-05 1.7E-02 B.OE-05 1.7E-02 1.7E-05
17 32E02 3.0E-06 3FEO2 1.3E05 48E-02 5.9E-05 30E02 1.3E08 3.0E-02 2.0E-05
18 48E02 3.BE-0B 5.5E02 9.1E-06 7.0E-02 4.7E-05 4 BEO2 12608 47E02 37EDS
19 B7EO2 4.7E-06 7FEO2 7AE-OB 9.5E-02 3E05 B.5E-02 1.3E-08 B.6E-02 21E05
20 9.0E-02 2.4E-06 1.0E-01 5.1E-08 1.2E01 25E-058 8.7EO2 6.8E-06 8.8E-02 1.7E-05
21 12E-M 5.9E-07 1.3E-01 6.9E-0B 1.6E-01 1.8E-05 T1E-01 5.BE-0B 1.1E-01 2.2E-05
2 14E-01 3.0E-06 1.6E-01 2.3E-0B 1.8E-01 24E05 1.4E-01 2.3E0B 1.4E-01 2BE-D5
23 1.8E-0 1.8E-06 2.0E-M 7AE-0B 23E01 1.4E-05 1.7E-01 4.6E-06 1.7E-01 1.9E-05
24 2AEM 3.0E-06 24E0 3AE-0B 2BE-01 1.0E-05 21EM 3.5E-06 21E-01 9.1E-06
25 2 6E-01 1.2E-06 2.8E-M 4.0E-06 3.3 1.3E068 25E0 2.3E-06 2.5E-01 2.9E-06
26 3.0EM 7 E-06 3.3EM 4.0E-068 38ED 8.6E-06 29EM 52608 3.0E-M 3.4E-06
2 35EM 1.2E-06 3.9EM 516068 4.5E-01 1.1E05 34EM 2.3E08 3.5ED 1.7E-06
23 41EM 3.0E-06 4.5EM 3AE-06 2.2E0 9.7E-06 4.0E-M 3.5E-068 4.0E- 3.4E-06
2 47EM 1.2E-06 5.1EM 23E06 B.OE-01 3A4E-06 4BEM 8.7E06 4.BE-D 4.0E-06
30 23EM 1.6E-06 5.9EM 2.3E-08 B.5E-01 6.3E-0B 52EM 1.7E-06 5.3ED1 6.3E-06
31 BAEO1 2.4E-06 B.7E-01 1.1E-06 7.BE-01 3A4E-0B 59E-M 2.3E-06 B.0E-01 3.4E-06
32 B9E-O1 1.2E-06 7.5E01 34E-0B 8.8E-01 34E-06 B.7E-01 35E06 6.8E-01 4.0E-06
33 7I7ED1 2. 4E-06 8.5E-01 1.1E-0B6 9.9E-01 4.0E-0B 7 BE-D1 1.2E-06 7.BE-D1 3.4E-06
34 87E01 0.0E+00 9.5E 2.3E-0B 1.1E+10 4.0E-06 8.5E-01 5.BE-07 8.6E-01 1.7E-06
35 97EM 1.8E-06 1.1E+00 1.7E-0B 1.2E+00 5.2E-06 9.5E-01 2.3E-06 9.6E-01 1.7E-06

Figure 7.10 — Sample PDF comparison of sediment transports for five files. For each file
there is a column of sediment transports and a column of PDF values.

@ (b)

Sed Trans Comparison PDF Sed Trans Comparison CDF
1.0E+00 1.2E+00
1.0E+00
1.0E-01 A y
—e— Reference File 8.0E-01 —e— Reference File
u 1.0E-02 4 s File 2 a 6.0E-01 —=—File 2
: File 3
& 1.0E-08 1 File 3 4.0E-01 F?le :
d e
1.0E-04 File 4 2.0E-01
0.0E+00
1.0E-05 o o0 o o
1.0E-06  10E-04  10E-02  1.0E+00 9 @, Q@ M
2 0, <
Sed Trans Comparison PDF Sed Trans Comparison CDF

Figure 7.11 — Sample comparison sheet charts for (a) PDF comparison, and (b) CDF
comparison, each for four files.
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7.3 STAND ALONE SEDIMENT TRANSPORT

When running GeoTool in the Sediment Transport mode (Figure 3.1 and Figure 6.1), the
output is Sediment Transport Rate and Sediment Concentration (Figure 7.12). The user can
chose to Write Sediment Transport Rate to Excel? to create a new sheet within a new Excel book

that the user can save.

x
Sediment Transport Rate: 113.98 Tons/day
Sediment Concentration: 1055.37 ppm

[ %rite sediment transport rate to Excel?

<< Back |

Figure 7.12 — Computed Sediment Transport Rate menu screen shot. Output format when
using the Sediment Transport (Stand Alone) module.

7.4 STAND ALONE CHANNEL CHANGE INDICES

If GeoTool isrunin Channel Change mode, then the output is a new worksheet within a
new Excel workbook. The new sheet contains up to three tables and one chart, depending on the
number of channel change indices selected. The tables list the input parameters, the channel
change outputs, and a scour/fill depth non-exceedance table; the chart is a plot of the non-
exceedance table (Figure 7.13). The Mobility Index, Specific Stream Power, Bed Stability
Indicator, and mean Scour/fill Depth are determined as within the effective discharge mode
(Equation (7.9) through (7.12), respectively). The scour/fill depth tableis similar to the scour/fill
depth table under the effective discharge output (Figure 7.2) and the chart is similar to Figure
7.7(b).
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|INPUT PARAMETERS CHANNEL CHANGE OUTPUTS
Depth (ft) Hon-Exceedance Probability
Characteristic Discharge cofs: 40 Specific Stream Power 132 [IbFe*s) 2.9E-0 04
Slope [Frife] 0.0m Bed Stability Indicator 1868 It It 2.0E-0 0g
d50 mim 08 Mobility Indez 0.01 [Fris* 15E-01 oy
Flow Area [FEFE) 10 ScourlFill Depth 013 ft 1IEE-M 0g
Wetted Perimeter [Ft) 9 8.7E-02 0.5
Specific Weight Water Ibtit?) 165 BA4E-02 04
Width [ L} 4.8E-02 03
dg4 mim 1 2.8E-02 0z
490 mim 2 1.3E-02 o1
Specific Weight Sediment [lbit"] 1E50 E4E-02 0.05
ScourFill Depth Cumulative Distribution Function

1 R

: =

e og 1

iz |

3508
§2 |
=
4 e 04

T |

3 oz |

) 1

0.0E+00 BOE-02 10E-01 18E-01 2.0E-01 25E-01 20E-01 2E5E-M1
Depth [Ft)

Figure 7.13 — Channel Change Indices output sheet screen shot. Output sheet generated
when using the stand alone Channel Change module.
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CHAPTER 8
PARTIAL FREQUENCY ANALYSIS

Flood recurrence intervals are based on user-defined empirical distribution functions
(EDFs). The EDF is based in turn on a plotting position characterization of the flow data. The
user must define the characteristics of a discrete event as well as the parameters used within the
EDF. The plotting position is a measure of the historical relative exceedance frequencies of
events, the inverse of the plotting position is a measure of the non-exceedance frequency. The
partial frequency analysis theoretically gives a better estimate of events of recurrence intervals
less than 10 years than does the exceedance/non-exceedance probabilities associated with the
annual maximum series. This is because events that may not be an annual maximum in one year
but would be in another are ignored in the annual maximum series but are considered in the

Partial Frequency Analysis.

8.1 PARTIAL FREQUENCY INPUTS

The input for the Partial Frequency Analysis menu (Figure 8.1) is a stream flow record in
any of the formats described previously (Chapter 4). The time properties of the input file must
be specified. As mentioned above, the user must define the characteristics of a discrete event;
specifically the minimum discharge to consider and optionally an inter-event duration. The
minimum discharge to consider is treated as a strict censoring border below which any discharge
cannot be considered aflood. An inter-event duration is a period over which only one discharge
will be considered a discrete event specifying an inter-event duration prevents multiple peaksin
the same event from being considered as two different events. The user must also specify the

plotting position function used to calculate the relative exceedance frequencies of events.
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Partial Frequency Analysis ﬂ
| Input File Mame I |
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hours ;I
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" Median (' Gringotten
" apL " Hazen
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Cancel Conkinue |

Figure 8.1 — Partial Frequency Analysis menu screen shot, where the user specifies the
necessary input arguments for computing empirical distributions and return periods of
elements within a hydrologic time series.

The recurrence interval for events is based of an EDF. The flow data are ordered from
greatest to smallest and each flood is then assigned a plotting position. The genera plotting

position formulais described by:

PPy == (8.1)

N+ [ -2«
Many various aterations of the ** and $ parameters have been developed in the literature
corresponding to assumptions about the underlying distribution of the floods. A good

description of the various plotting positionsis provided by Salas et al. (2000):

“Various plotting position formulas have been suggested in the literature. Two
commonly used formulas are i/N and i/(N+1). Cunnane (1978) compared various
plotting positions and suggested a general plotting position formula [after some
slight modification] which will give unbiased quantile estimates..... when $=1, " =
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0 for a uniform distribution, ** = 3/8 for a normal distribution, and ** = 0.44 for the
Gumbsel distribution...”

The plotting position formulas included in GeoTool are listed in Table 8.1.

Table 8.1 — Plotting function choices for use in partial flood duration analyses. The user
has a choice of seven plotting position formulas.

Weibull (1939) Nl+ 1
e i—0.3175
ian N +0.365
i—0.35
APL N
3
i
Blom (1958) é
N+ 4
i—04
Cunnane (1978) N+0.2
_ i—044
Gringorten (1963) N +0.12
i—-05
Hazen (1914) N

It is noted here that regardless of the plotting position formula chosen, the same flood
will aways come from the same quantile of the population of floods (KlemeS 2000a).
Additionally, Klemes (2000a,b) notes that plotting position formulas can under and/or over
estimate a flood's position by a number of quantiles, a function of the sample size, and
assumptions of sample independence. Caution is therefore recommended when using this
information to make assumptions about the underlying distribution of the data and making

extrapolations from historical datato events of rare occurrence.
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8.2 PARTIAL FREQUENCY OUTPUT

8.2.1 Partial Frequency Tabular Output

The tabular output produced by the Partial Frequency Analysis module (Figure 8.2) istwo
columns of sorted flow rates from least to greatest in column (“B”) and the number of
exceedances per year in column (*A”). The number of exceedances per year is assumed equal to
the plotting position as calculated above. The inverse of the plotting position or the inverse of
the number of exceedances per year is interpreted as the probability of observing an event of

equal or larger magnitude in any one particular year.

Number of

Exceedances

Per Year Flowrate (cfs)
1.21 49.02
1.17 49.78
1.14 50.63
1.10 50.76
1.07 50.86
1.03 51.09
0.21 82.27
0.17 86.76
0.14 95.95
0.10 102.26
0.07 103.25
0.03 139.99

Figure 8.2 — Sample tabular output for Partial Frequency Analysis module. This output lists
the number of exceedances of a specific (or greater) value in any one year.

Because the Partial Frequency Analysis module uses an Excel worksheet to output the
table of events, it is possible that there are more events than rows within a worksheet. This
number is approximately 65,000; omissions will occur if the number of events exceeds the

number of rows.

61




8.2.2 Partial Frequency Graphical Output

The graphical output associated with the partial frequency analysis module is a chart of
discharge versus number of exceedances per year (Figure 8.3). The data for the graph is taken

from the partial frequency analysis output table (Figure 8.2).

100 s +
10
]
IS
2
©
L 1 &
0.1 ;
1000 100 10 1 0.1
Number of Exceedances Per Year

Figure 8.3 — Sample graphical output for the Partial Frequency Analysis module depicting
the data listed in Figure 8.2.
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CHAPTER 9
DISTURBANCE REGIME

9.1 DISTURBANCE REGIME INPUT

The input for the disturbance regime module is a stream flow record in any of the formats
described previously (Chapter 4). The time properties of the input file must be specified. The
user must also specify the attributes pertaining to incipient motion, namely the slope of the
channel, the dimensionless critical shear stress for incipient motion, a characteristic grain size,
specific weight of the water, and the specific weight of the sediment. Default options are
provided for the specific weights of the water and sediment (Figure 9.1).

Duration and Time of Sediment Transport x|

— Input File &ttributes

Input File Marme | |

I seconds -

Please Enter Time Interval For

minukes
Input File:

hours ﬂ

" all Years

" Specify Years I |

7 Metric Units Elope

% English Units

imensionless critical
hear stress For
ncipient motion

ICharacteristic Grain Size
mm;)

Fpecific Weight of

[ Assume specific weight of water
ater (Ibjft:) e .

SIE,?FCtiEi)c ‘Weight of Sed [ assume specific weight of sediment

Exit. | Run |

Figure 9.1 — Duration and Time of Sediment Transport menu screen shot, where the user
specifies the necessary input arguments to calculate threshold for, the number of, and
durations of sediment transport within a hydrologic time series.
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9.2 DISTURBANCE REGIME OUTPUT

9.2.1 Disturbance Regime Tabular Output

The tabular output (Figure 9.2) produced by the disturbance regime output consists of (a)
the threshold for sediment transport; (b) the total duration of time that the threshold for incipient
motion was exceeded in the input file; (c) the number of discrete times that the threshold for
incipient motion was crossed; and (d) the average length of time that once the threshold for
incipient motion was exceeded that sediment stayed in motion. It is assumed by GeoTool that if
there are missing records within the input file that the missing time periods had the same

sediment transport as the time period immediately preceding the missing records.

Number of Discrete Times
Exceeding Incipient Motion 2172

Total Duration Incipient Motion
Exceeded 586483200 seconds = 6788 days

Average Length of Event

Exceeding Incipient Motion 270019.89 seconds = 3.13 days
Coefficient of Variation of

Events Exceeding Incipient
Motion 0.82 seconds = 0 days

Flow Necessary for Incipient
Motion cfs 211

Figure 9.2 — Sample tabular Disturbance Regime output screen shot containing the values
associated with incipient motion and the numbers and durations of times that incipient
motion was exceeded in the input time series.

9.2.2 Disturbance Regime Graphical Output

A chart is also provided showing the discharge time series provided by the user’s input
file aong with the threshold for sediment transport (Figure 9.3). It is possible for the user to alter
the scale of the chart in order to examine more specific aspects of transport regime (e.g.,

seasonality).
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Figure 9.3 — Sample graphical output for Disturbance Regime module. The abscissa
represents time (years) and the ordinates are discharge values (ft*/s).
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CHAPTER 10
COMMON ERRORS

The most frequent GeoTool error reported to date, is a missing add-in or reference library
in the user’s Visua Basic for Application installation. The following files are necessary for
proper GeoTool execution:

(1) Visual Basic For Applications,

(2) Microsoft® Excel 9.0 Object Library,

(3) OLE Automation,

(4) Microsoft® Office 9.0 Object Library,

(5) Microsoft® Forms 2.0 Object Library, and

(6) Solver.

The Analysis ToolPack, Analysis Toolpack-VBA, and Solver Add-Ins should be installed
under the Excel — Tools — Add-Ins tool bar. Additional errors may be generated during code
execution if al available service packs from Microsoft® have not been installed for the user’s
version of Excel.

These files should be checked in the Visual Basic for Applications editor under the
“Tools/References” menu. If any of these files are listed as “MISSING” it will cause a run-time
error in GeoTool. To fix this error uncheck the “MISSING” and try to install the missing
reference.

There are a number of variations on SWMM programs as well as HSPF programs and,
therefore, there will be circumstances for which an input file may generate an error in GeoTool.
The input conditions for these types of files are very specific to aformat expected. In this event,

please contact David Raff at raff @daraff.net with specific information about the version of the

program used to generate the input file and send this information along with the input file to the
e-mail address above. Another option is to convert your SWMM or HSPF file into a GeoTool
default file.
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In the event that an error occurs during operation of GeoTool and it is not addressed
within this user’'s manual, please contact David Raff at raff@daraff.net or Brian Bledsoe at

Brian.Bledsoe@ColoState.edu. Please include as much information as possible in your message

in addition to the “log.out” file, which GeoTool creates in your base directory. For Windows

users, the base directory is most likely your “My Documents’ folder unless you have changed
the default settings.

67



CHAPTER 11
REFERENCES

Bagnold, R.A. (1966). An approach to the sediment transport problem from general physics.
Professional Paper 422-1. U.S. Geological Survey, Washington, DC.

Biedenharn, D.S., Copeland, R.R., Thorne, C.R., Soar, P.J., Hey, R.D., and Watson, C.C. (2000).
Effective discharge calculation: A practical guide. Technical Report TR-00-15, U.S.
Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, MS,
August, 48 pp.

Bledsoe, B.P., and Watson, C.C. (2001). Logistic analysis of channel pattern thresholds:
meandering, braiding, and incising. Geomorphology, 38:281-300.

Blom, G. (1958). Statistical Estimates and Transformed Beta Variables. New York, NY: Wiley.

Brownlie, W.R. (1981). Prediction of flow depth and sediment discharge in open-channels.
Report no. KH-R-43A. Pasadena: Cadlifornia Institute of Technology, W.M. Keck
Laboratory.

Chang, H.H. (1988). Fluvial Processesin River Engineering. Malabar, FL: Kreiger Publishing.

Chien, N. (1956). The present status of research on sediment transport. 7rans. ASCE, 121:833-
868.

Cunnane, C. (1978). Unbiased plotting positions— areview. J. Hydrology, 37:205-222.

DeVries, P. (2002). Bedload layer thickness and disturbance depth in gravel bed streams. J.
Hyd. Eng., 128(11):983-991.

Gringorten, 1.I. (1963). A plotting rule for extreme probability paper. J. Geophysical Research.
68(3):813-814.

Haschenburger, J.K. (1999). A probability model of scour and fill depths in gravel-bed channels.
Water Resources Research, 35(9):2857-2869.

Hazen, A. (1914). Storage to be provided in impounding reservoirs for municipal water supply.
Trans. Amer. Soc. Civil Eng., Paper No. 1308, 77:1539-1640.

68



Hey, R.D. (1997). Channd response and channel forming discharge: Literature review and
interpretation. Final Report for U.S. Army Contract Number R& D 6871-EN-01.

Holmquist-Johnson, C. L. (2002). Computational methods for determining effective discharge in
the Yazoo River Basin, Mississippi. M.S. Thesis, Department of Civil Engineering,
Colorado State University, Fort Collins, CO.

Julien, P.Y. (1995). Erosion and Sedimentation. Cambridge University Press, 280 pp.

Klemes, V. (2000a). Tall tales about tails of hydrological distributions. 1. J. Hydrologic
Engineering, 5(3):227-231.

Klemes, V. (2000b). Tall tales about tails of hydrologica distributions. 1l. J. Hydrologic
Engineering, 5(3):232-239.

Meyer-Peter, E., and Miller, R.. (1948). Formulas for bed-load transport. Proc. 2d Meeting
IAHR, Stockholm, 39-64.

Olsen, D.S., Whitaker, A.C., and Potts, D.F. (1997). Assessing stream channel stability
thresholds using flow competence estimates at bankfull stage. J. American Water
Resources Association, 33(6):1197-1207.

Reid, L.M., and Dunne, T. (1996). Rapid evaluation of sediment budgets Reiskirchen, Germany.

Catena.

Richardson, E.V., Simons, D.B., and Lagasse, P.F. (2001). River engineering for highway
encroachments: Highways in the River Environment. Hydraulic Design Series Number 6.
FWHA NHI 01-004, National Highway Institute, U.S. Dept. of Trans., Federal Highway
Admin.

Rubey, W. (1933). Settling velocities of gravel, sand and silt particles. Am. J. Sci., 25(148):325-338.

Salas, J.D., Smith, R.A., Tabious Ill, G.Q., and Heo, J. (2000). Statistical computing techniques
in Water Resources and Environmental Engineering. Department of Civil Engineering,
Colorado State University, September.

Soar, P.J. (2000). Channel restoration design for meandering rivers. Ph.D. Thesis, University of
Nottingham.

van den Berg, JH. (1995). Prediction of channel pattern of alluvia rivers. Geomorphology,
12:259-279.

69



Watson, C.C., Dubler, D., and Abt, S.R. (1997). Demonstration Erosion Control Project report:
Design hydrology investigations. River and Streams Studies Center, Department of Civil
Engineering, Colorado State University, Fort Callins, CO.

Weibull, W. (1939). A statistical theory of the strength of materid. Ingeniors Vetenskaps
Akademiens Handligar, No. 151, Stockholm, Sweden.

Wilcock, P.R., and Kenworthy, W.T. (2002). A two-fraction model for the transport of
sand/gravel mixtures. Water Resources Research, 38(10).

Yang, C.T. (1996). Sediment Transport: Theory and Practice. McGraw Hill, 396 pp.

70



