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Section 1 - Introduction
| ntroduction

An ArcGIStoolset (River Channel Morphology Model) is devel oped for extrapolating
the three-dimensional structure of river channelsin the form of cross-sections and profile-
lines. Cross-sections are bed profiles across the flow, and profile-lines are bed profiles
along the flow. The River Channel Morphology Model (RCMM) describes only the mean
surface for the channel bed. The description of channel bed is based on the meandering
shape of the channel planform and hydraulic geometry relationships. This report
describes the step-by-step procedure to implement the River Channel Morphology Model
(RCMM) for creating athree-dimensional structure for river channels. The scope of work
for the year 2004 is addressed in sections 3 and 4. For more details on RCMM theory and
its application, the reader is referred to Merwade and Maidment (2004) provided with the
CD-ROM at the end of this report.

Scope of work for 2004
For the year 2004, the following two tasks were identified in the scope of work:

e Task 1: Studying local scale variations in the channel bathymetry
e Task 2: Application of RCMM to the lower Brazos priority segment

Intask 1, it was proposed to filter the observed bathymetry data from the RCMM output
so that the filtered residual s can be separated into pools and riffles. To get aclear
indication of pools or riffles from the filtered data, it is necessary that RCMM captures al
the trends (longitudinal and lateral) in the channel bathymetry. It is found that although
RCMM captures the large lateral trends in the channel bathymetry, the model needs to
incorporate additional factors such as slope, geology, local terrain, etc to provide a
complete description of the mean surface. Therefore, the work for task 1, presented in
section 3 of this report, includes a preliminary analysis of residuals, and discussion of an
approach for studying the local scale variations in the channel bathymetry by adopting
geostatistical methods.

In task 2, it was proposed to apply RCMM to the lower Brazos priority segment. The
work for task 2, presented in section 4 of this report, includes application of RCMM to
the lower Brazos priority segment downstream of SH 21 near Bryan, TX. The flow and
elevation data at four USGS gaging stations are used to rescale the RCMM output, and
describe the three-dimensional channel bathymetry for the lower Brazos priority segment.
It isfound that although RCMM is capable of describing the channel bathymetry for a
segment that is approximately 470 km long, the results must be used with caution. The
hydraulic geometry relationships predict the average width and depth reasonably well,
but the elevation data from USGS gaging stations must be supplemented by some local
measurements to get meaningful results from RCMM.



Report Outline

Thisreport is organized into five sections. In the second section, atutorial is provided
with step-by-step instructions for using RCMM. The third section provides a brief
discussion on analysis of residual data for incorporating local scale variations (pools and
riffles) in RCMM. In the fourth section, the application of RCMM for the lower Brazos
priority segment is discussed. Section five provides a summary with someideas for future
work.

A CD-ROM is provided with the report containing the following two items:

Tutorial.zip: This zip file contains the RCMM toolset (RCMM.dll) and the data necessary
for implementing the tutorial described in section two.

CRWR_04-08.pdf: This pdf document is a copy of the CRWR online report available at
http://www.crwr.utexas.edu/reports/2004/rpt04-8.shtml. The fifth chapter in CRWR_04-
08.pdf provides the theoretical background and development of RCMM. It aso includes
the application of RCMM to the study sites along the Brazos, Guadal upe and Sul phur
Rivers, al in Texas.



Section 2 - River Channel M orphology M odel

I ntroduction

This section describes the step-by-step procedure to implement the River Channel
Morphology Model (RCMM) for creating a three-dimensional structure for river channels
in the absence of detailed channel bathymetry. The section is organized in the form of a
tutorial using an example dataset along the Brazos River. For a detailed discussion on
RCMM theory, the reader isreferred to Merwade and Maidment (2004) provided with
the CD-ROM.

Goal

The goal of thisexerciseisto use RCMM to create a three-dimensional structure for the
main stem of the Brazos River between the Richmond and Rosharon gaging stations by
using the centerline from the National Hydrography Dataset (NHD) and cross-section
information from the United States Geological Survey (USGS). In addition, some other
functions of RCMM that are useful for extracting the three-dimensional structure of the
channel to run the HEC-RAS model are explored.

Data and Softwar e Requirements

The datarequired for thistutorial, and other necessary files, are located in the Tutoria.zip
file provided with the CD. Copy the zip file, and unzip it to save the contentsin alocal
folder (Tutorial folder).

RCMM needs at least the following two feature classes popul ated:
1. A point feature class containing at |east two points, each located upstream and
downstream from the area of interest. The point feature class must have channel

width, depth and bank elevation attributes. These attributes can be populated by using
the information from the USGS gaging stations or from any other sources.

2. A polylinefeature class, typically the FlowLine feature class from NHD.

The raw data can be found in BrazosData.mdb. Open ArcCatalog, and browse to the data
as shown below:

Elg ErazosData.mdb
- B EE

The BrazosData.mdb has three feature classes:



1) Channel_Boundary is apolygon feature class digitized using aerial photographs of
the study area.

2) NHD_centerlineisapolyline feature class that contains NHD FlowLine features for
the main stem of the Brazos River from Richmond to Rosharon gaging station.

3) USGS Pointsisapoint feature class with two pointsidentifying the locations of the
gaging stations.

Thistutorial requires ArcGI S 9.0 (ArcView and Arclnfo) desktop version with Spatial
Analyst and 3D Analyst extensions.

Building the RCMM Database

To use RCMM, a geodatabase must be created with the required feature classes. The
following table shows the data requirements for RCMM.

Feature Class Feature type
ReferencePoints Point

Centerline PolylineZM/PolylineM
ChannelBoundary Polygon

Boundary Segments Polyline

Thalweg PolylineZM
CrossSections PolylineZM
ProfileLines PolylineZM

The RCMM structure is stored in a schema (RCMM _Schema.xml) that can be applied to
an empty geodatabase to create all the feature classes necessary for using RCMM. In
ArcCatalog, create an empty personal geodatabase in the tutorial folder (Right
click->New2>Personal Geodatabase), and name it as Brazos RCMM.mdb.

Brazos RCMM.mdb can be populated by applying the RCMM schema

(RCMM _Schema.xml), which is stored in the tutoria folder. Open RCMM _Schema.xml
with internet explorer to see the geodatabase structure with all the feature classes as
shown below (Note: the xml file will look different if opened with other browsers):



- <esri:Warkspace xmins: esri="http:/ /www.esri.com/schemas/ArcGIS/9.0"
amlns:xsi="http:f fwsww w3 .0rg /2001 / XMLSchema-instance"
amlns:ws="http:/ /www.w3.0rq/2001/X¥MLSchema"=

- =wWorkspaceDefinition xsi:type="esri:WorkspaceDefinition">
<WarkspaceTyperesriLocalDatabaseWorkspace</\WorkspaceType> 4— Geodatabase type
<Wersion f= (local/server)
<Domains xsi:type="esri:Array0fDomain" /=

- =zDatasetDefinitions xsi:type="esri:ArrayOfDataElement"=
- <DataElement xsitype="esri:DEFeatureDataset">
«CatalogPath> /FD=RCMM«/CatalogPath> ge—————01 Feature dataset name
<Mame>RCMM < /MNames
- =Children xsi: type="esri:ArrayOfDataElement">
- =DataElement =si:type="esri:DEFeatureClass"=
«<CatalogPath>/FD=RCMM/FC=ChannelBoundary</CatalogPath>
<Mame»ChannelBoundary</Mama> g8 Featureclassname
«DatazetType=esriDTFeatureClass</DatasetType>
<DSI0>5=/0510>
<Wersioned=false</Versioned=
«<Can%ersionzfalse«</CanVersion:
<HasolD=true</Has0ID=
= DIDFieldMame=0BIECTID/CIDFieldMarme:
- <Fields xsi:type="esri:Fields">
- <Fieldarray xsi:type="esri:ArrayOfField">
- <Field =i type="esri:Field">
«Mame=0BIECTID</Mame> < Field name

<TyperestiFieldTypeOID</Type> g—— Fidd type
<IsMullable=false</IsMullables

A geodatabase schema mainly consists of definition of objects such as feature datasets,
feature classes and tables, and relationships among them. For example, the

RCMM _Schema.xml contains the definition of all the feature classes and its associated
fields necessary for this tutorial. When a schemaiis applied to a geodatabase, the
geodatabase gets populated with the feature classes and other information (eg.
relationships, tables) stored in the schema document. This process saves time in creating
a structured geodatabase manually.

Before applying the schema, make sure ArcMap is closed An open ArcMap session
sometimes causes conflicts resulting in errors during the schema import process.

To apply the RCMM schemato Brazos RCMM.mdb, from ArcCatalog right click on
Brazos RCMM.mdb-> Import-> XML Workspace Document as shown below:



i JEIRETREE Y IETE] [REEIRE TR R TN TS TR TR TR T

a Bragos_RaCRn, —- ALTLLE Geodatabase

3BraznsData.mc Copy Chrl+C Geodatabase
E RCMM_Schem: E, Paste e L Lmenk
by Delete
Rename Fz
w Refresh
[ 2
Feature Class (single]. ..
Expark: » Eeature Class (mulkiple), ..
EJ Compart Database Table (singley. ..
ﬁ Search,.. Table (multiple). ..

Rasker Dakasets, ..
Discopnecked Editing — #

Rasker Datasets (maosaic). ..

Froperties. .. J
F

=ML Warkspace Document., ..

Choose the import Schema Only option, and browse to RCMM _Schema.xml as shown
below:

Import XML Workspace Document ﬂil

T hiz wizard etz you impart data and schema from an kL to geodatabase.

Importing data to: C:iWWoorking'enk atesh\ ChannelT oolSethB Chbd_smlstutonialBrazos_ RCkE.mdb

YWwhat do you want to import:

" Data
+ Schema Only

Specify the =L source to import;

IWDrkingWenkatesh'\EhannelT oolSetsFCMM_smbbtutonal\RCMB_Schema.xml == |

Click Next, and then Finish to complete the schema import process.

Refresh the ArcCatalog view by going to View—> Refresh. Click on Brazos RCMM.mdb
to see the new feature classes added to the geodatabase by the schema as shown below:



-] CenterLine

-] Crosssections
-] ProfileLines
--[=¥] ReferencePaints

-] Thalweg

-] BoundarySegments

-E channelBoundary

-] TerrainCrossSections

Right click on the RCMM feature dataset to see its properties. The properties window
will show that the spatial referenceis aready defined (NAD_1983 UTM_Zone 15N).

Feature Datasek Properkties

General I

2| x|

M e IF“:|'*"||'*"I

— Spatial R eference

Dezcription;

Projected Coordinate Syztem:

Alias:

Abbrewviation:

Femark.s:
Frojection: Tranzverse_Mercator
Parameters:

Falze_E asting: 500000, 000000
Falze_Marthing: 0.000000
Central_Mendian: -93.000000
Scale_Factor 0333600
Latitude_OF_Ongin: 0.000000
Linear Lrit: keter [1.000000]

Kil

[ Show Details

Marme: HAD_ 1983 UTh_Zone_15M

o
Edit... |

x|

Cancel | Spply |

This spatial referenceis fine for the Brazos dataset, but may have to be changed for other
datasets. The spatial reference can be imported from other existing datasets, or can be
selected from a predefined coordinate system. It is absolutely necessary to have the
gpatia reference defined for the geodatabase before employing the RCMM tool set.

Since all the feature classesin Brazos RCMM.mdb are empty, the next step is to import
the existing data from BrazosData.mdb to Brazos RCMM.mdb.



Importing Existing Data to the RCM M geodatabase

This section describes importing of existing data (Channel Boundary, NHD Centerline
and USGS Points) from BrazosData.mdb to the newly created Brazos RCMM.mdb
geodatabase. The order in which the data are imported is not important. The

USGS Points feature class in BrazosData.mdb contains the two reference points along
the Brazos River, and therefore should be exported to the ReferencePoints feature class.
Right click on ReferencePoints> Load-> Load Data as shown below:

[l referencePoint= Prrannal Grodatabase Feature Class
TerrainCrosss Copy Chrl+C  Bhase Feature Class
Thalweg % Delete nbase Feature Class
Renarme Fz
gnalyze, ..

Create Laver. ..

Expork 3
SURYEYINT
Losd Data. .

g Review(Rematoh Addresses,., rﬂ:. Load #ML Recordset Documment, ..
Properties...

Browse to the USGS_Points feature class located in BrazosData.mdb, and click Add, and
then Next as shown below:



Simple Data Loader il

Enter the source data that you will be loading from. Click Add to add it to
the list of zource data to be loaded. v'ou can load from multiple data zetz in
the zame operation if they zhare the zame schema.

[hput data

=

Lizt af zource data to load

C:vwarkingsYenkatezh\ChannelT oolSeth\B CMM_smlstutarial BrazosD atz

Ald Bemowve I

Choose Next in the Simple Data L oader window to get the following window (Note: The
order in which the fields appear in the following window may vary for different

< Back I Mext » I

Cancel

computers. This order, however, is not important):

Simple Data Loader

Far each target figld, zelect the source field that should be laaded inta it

X

Target Field Matching Source Fisld iI
HydroCaode [string] STATIOMN MO [string]
Marme [=tring) SHAME [=tring]
BankElev [doukle] BankElev [doukle]
Depth [doukle] Depth [doukle]
cdth [double] Wickth [double]

Reset |
< Back I Mext » I Cancel




Match HydroCode with STATION_NO, NAME with SNAME, BankElev with
BankElev, Depth with Depth, and Width with Width. Click Next, choose Load all of the
source data option, click Next and then Finish to load the datafrom USGS_Points to the
ReferencePoints feature class.

Repeat the loading process for NHD_centerline from BrazosData.mdb to the Centerline

feature class in Brazos RCMM.mdb.

Simple Data Loader

Far each target figld, zelect the source field that should be loaded inta it

x|

Target Field

Matching Source Fisld

HydroCaode [string]

ComiD [int]

ReachCode [string]

ReachCode [=tring)

Marme [=tring) GhIS_Mame [=tring)
FromLine [int] =Mone:=
ToLine [int] =Mone:=
[
Feset
< Back I Mest = I Cancel

Match HydroCode with ComiID, ReachCode with ReachCode, and Name with
GNIS_Name. Since there are no matching fields for FromLine and ToLinein
NHD_centerline, leave the Matching Source Field as None. Click Next, choose Load all
of the source data option, click Next and then Finish to load the data from
NHD_centerline to the Centerline feature class.

Finally, load the data from Channel_Boundary in BrazosData.mdb to the
ChannelBoundary feature classin Brazos RCMM.mdb. Note, there are not any target
fields or source fields for this feature class.

Populating the attributes of the Refer encePoints featur e class

To develop the channel morphology in areas without data, RCMM uses the average
values of depths, widths and bank elevations at upstream and downstream locations
(reference points) from the area of interest. The computation of average values of depth,
width, and bank elevation at the reference points along the channel is a prerequisite for
the application of RCMM. For this exercise, these values are already computed and
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stored as attributes in the ReferencePoints feature class. This section briefly describes
how the average values of depth, width and bank elevation can be computed for the
reference points using the USGS gaging station data.

To compute the depth, width and bank elevation, it isideal to have measured cross-
sections at reference points, but if measured cross-sections are not available, the average
values of depth, width and bank elevation can be computed from the USGS gaging
station data. The USGS performs occasional measurements of cross-sections at its gaging
stations to update the stage-discharge rating curves, and these data can be downloaded
from the link below:

http://nwis.waterdata.usgs.gov/usa/nwis/measurements

For thistutorial, the study areais bounded by the Richmond gaging station upstream

(# 08114000) and by the Rosharon gaging station downstream (#08116650). Using the
USGS measurements, the average values of depth, width and bank elevation at any point
along ariver channel can be computed by devel oping hydraulic geometry relationships.
Hydraulic geometry relationships relate flow with average values of depth, width and
velocity. The following figure shows the hydraulic geometry relationship between flow
and average depth at the Richmond gaging station (Merwade and Maidment, 2004).
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For any given flow at the Richmond gaging station, the average depth can be calculated
by using the relationship shown in the above figure. The bank elevation is computed by
getting the stage from the stage discharge relationship, and adding it to the gage datum.
The width can be computed either by using hydraulic geometry relationships or by
digitizing the boundary from aerial photographs. RCMM uses the left bank (looking
downstream from Richmond to Rosharon gaging station) of the river channel to generate
the thalweg and cross-sections, and using the boundary digitized from an aerial
photograph provides a better description of the channel morphology. Therefore, itis
recommended to have the channel boundary digitized from aeria photographs. The
boundary polygon imported into the Channel Boundary feature class was digitized using
aerial photographs. If aerial images are unavailable for the study area, RCMM has atool
to create the boundary using the centerline.

At the Richmond gaging station, for a 2-year return period flow of 55800 ft*/s (estimated

using the flow duration curve with peak flow data from 1903 to 2001), the average values
of depth, width and bank elevations are 7.3m, 109m and 18.4, respectively. Similarly, for
a2-year return period flow of 51600 ft3/s (estimated using the flow duration curve with
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peak flow data from 1967 to 2001) at the Rosharon gaging station, the average values of
depth, width and bank elevations are 11m, 101m and 12.2, respectively.

In summary, preprocessing for RCMM involves applying the RCMM schemato an
empty geodatabase, |oading existing data, digitizing the boundary for the area of interest
(optional) and computing the depth, width, and bank elevation at reference points. If the
area of interest islong (more than 10 miles), manual digitization of the boundary isa
cumbersome task. Thereis atool under development that will automatically delineate the
channel banks using aeria photographs. The following sections demonstrate the
application of RCMM for creating three-dimensional structure of river channels.

RCMM Toolbar

RCMM toolbar isaDLL (dynamic link library) file compiled by using Visual Basic and
ArcObjects (interfaces for customizing ArcGI S applications). RCMM toolbar can be used
in ArcMap by adding it as a custom tool. Open an ArcMap session, and save the
document as RCMM _tutorial.mxd. Load the RCMM Toolbar into the map document by
clicking on Tools—> Customize.. as shown below (Note: adding a toolbar to an ArcMap
document may require administrative access to the computer):

Tools Window Help

E Editar Taaolbar

Graphs [ 3
Reports [ 3
Geocoding 2

£y Add ¥y Data...
17 Add Rouke Events...

g ArcCatalog

Macros 3

Cuskomize, ..

In the Customize window, click on Add fromfile.., and browse to RCMM.dll located in
the Tutorial folder.
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Toolbars | Enmmandsl Elptiu:unsl

Toolbarz:

L ETN S T Mew. .
[130 &Analyst
[ Advanced Editing Fename...
[ ] Anratation

[1&rc Hydro T ools [elete
[] ArcPad

[] ArcSean

[ ] Cortest Merus

[] Data Frame Tools

[ Dimensianing

[] Dizconnected Editing

Rezet...

E ditor |

K.evboard... | Add fram file...l Claze I

Upon successful addition of all objectsinthe DLL file (shown below), click OK. If no
objects are added to the window, most probably access to the system folder was denied,
and an administrative login is required to load the toolbar.

Added Objects... il

clzRChbd bk L
clg<hLtoG eometyFile
clzRCk_=ML_Toolbar
clzRCk_=hL_Menu
clzE wportSOF oML
clzfizzigntd stoF eaches
clebzsignStnHotoCs
clzdezignDnbie
clzSnapPointztoLine

Close the customize window, and a dockable toolbar named RCMM Toolbar should
appear on the map document as shown below:

RCMM Toolbar |

Basic RCMM *  Processing Menu ™ Data Import/Export >

Save the ArcMap document. The RCMM toolbar has three menu buttons: (a) Basic
RCMM, (b) Processing Menu and (c) Data Import/Export. The Basic RCMM menu has
functions to build the three-dimensional structure (cross-sections and profile lines) for
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river channels using the ReferencePoints and Centerline feature classes. The Processing
Menu has functions for the general analysis of river morphology data, and the Data
Import/Export menu has functions for exchanging data from geodatabase filesto XML
files, XML filesto HEC-RAS geometry files, and HEC-RAS output to XML files. The
applications of some of the functions in the RCMM toolbar are discussed in the following
sections.

Creating Boundary using the Centerline (Optional)

Thistask can be skipped if the boundary for the study area already exists. Add
ReferencePoints, Centerline and ChannelBoundary from RCMM _Brazos.mdb to the map
document. Although the ChannelBoundary feature class has one boundary polygoninit,
the goal of thistask isto demonstrate the utility of RCMM to create the boundary
polygon in the absence of other sources such as aerial photographs. To create the channel
boundary using the centerline, the centerline feature class must have a channel width
assigned to each feature (note that the centerline features do not have width attributes).
Channel widths can be assigned to the centerline features by using the Interpolate
Attributes tool, which calculates the width by linearly interpolating the width attribute
from the ReferencePoints feature class. Lookup the attribute table for ReferencePoints to
make sure the width attribute is populated. Click on Basic RCMM-> I nter polate Attributes
as shown below:

RCMM Toolbar #|
Basic RCMM *  Processing Menu > Data Import/Export

Interpolate Attributes

Boundary From Lines

Paolyaon To Paolyline

Split Ling Into Segments

Create Thalweg

Creake Cross-sections

Create Profile Lines

Choose ReferencePoints for Reference Points, Centerline for Linear Features, and Width
for Attribute. Leave the Assign Measures option checked. This option assigns a measure
attribute to each feature in the Centerline feature class with respect to the overall length
of the reach, which is useful for linear referencing.
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. Interpolate Attributes x|
— Inputs
Feference Pointz IFieferenceF'l:uints j
Attribute [t =]
Linear Featurez Il:enterline j
[ Azzign Measures 0k | Cancel

Click OK, and the process should finish within 2-4 seconds (for the tutorial dataset).
Click OK on the process completion message box (shown below).

Interpolate Attribuk x|

Process completed successfully!

Open the attribute table for the Centerline feature class, and it should now have two extra
attributes (Width and Measure) as shown below:

_iglx)
Hame FromLine ToLine SHAPE Len Width Measure -

Brazos River [=hull= =hull= 1806.739239 109 903.3946
Brazos River [=hNull= =Mulll= 3559162546 1058062 | 3736.9265
Brazos River [=hNull= =Mull= 2265.713066 105 4006 | B795.5083
Brazos River [=hull= =Mull= 2191 278762 1051055 | 9027.53042
Brazos River [=hull= =Mull= 1157 705363 107 85837 | 10701 .7963
Brazos River [=Rull= =Mull= 1155.037942 107.7304 | 11859.6679

- Brazos River [=Rull= =Mull= 2025 716636 107 51951 13451 .545i2 - ILI

Recaord: EILII 23 _Plﬂl Shiow: W Selected | Fecords [0 out of 24 Selected. ]

The Width field contains linearly interpolated values of widths (between the reference
points) for each centerline feature. The Measure field contains the distance from the
midpoint of each centerline feature to the starting point of the most upstream featurein
the centerline feature class. The values stored in the Measure attributes are in map units,
which is metersin this case. After each centerline feature has a width attribute associated
with it, the centerline feature class can be used to create the channel boundary.

Click on Basic RCMM->Boundary From Lines as shown below:
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RCMM Toolbar |
Basic RCMM ™ Processing Menu ™ Data Impork/Export ™

Interpolate Attributes

Boundarty From Lines

Paolyaon To Paolyline

Split: Line Into Segments

Create Thalweg

Create Cross-sections

Create Profile Lines

Choose Centerline for Centerline Layer, Width for Width Field, Measure for Measure
Field, and ChannelBoundary for Boundary Layer. The measure field is used to process
the centerline features in a sequential fashion from upstream to downstream.

. Create Boundary From Cente il

— |lnputs
Centerling Layer IEenterIine j
‘wicth Field [width =
Meazure Field IMeasure j
— Dutputs
EBaundary Layer IEhanneIB aundary j
k. | Cancel

Click OK. The create boundary tool takes about 2-4 seconds to complete. Click OK on
the process completion window as shown below.

Boundary from cent EI

Boundary created successfully!

The boundary is added to the ChannelBoundary feature class. The channel boundary is
created by offsetting each centerline feature by a distance of 0.5 times the width on each
side. Compare the new boundary polygon with the one that already exists (created by
digitizing aeria photographs) in the ChannelBoundary feature class. Compare both
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polygons to see the difference between the boundary created by an automatic process and
by manual digitization. The digitized polygon is 15-20 percent wider than the polygon
created by RCMM at almost all locations, and therefore, manual digitization of channel
boundary using aerial photographs is recommended. Retain the digitized polygon for
further analysis and discard the polygon created by RCMM by deleting it (deleting a
feature requires the map document in edit mode). Save the ArcMap document.

Creating thalweg

RCMM uses the left bank (Iooking downstream) to create the thalweg. Therefore, the
boundary polygon first has to be converted to a boundary polyline, and then the polyline
must be split to extract the left bank. Add BoundarySegments from Brazos RCMM to the
ArcMap document. Click on Basic RCMM->Polygon To Polyline as shown below:

RCMM Toolbar =
Basic RCMM ™ Processing Menu ™ Data Import/Export >

Interpolate Attributes

Boundary From Lines

Palygon To Polyline

Split Line Inko Segments

Create Thalweg

Creake Cross-sections

Create Prafile Lines

Choose ChannelBoundary for Polygon Layer and BoundarySegments for Line Layer as
shown below:

. Polygon to polyline EI

Inputs
Polpgon Layer IEhanneIB oundary j
Line Layer IB oundarySegmentz j

0k | Cancel

Click OK, and the process takes less than two seconds to complete. Click OK on the
process compl etion window.
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ReferencePaints
*

BoundarySegrients

Centerline

Charnel_Boundary
c

E attributes of BoundarySegments = IEI Iil

OBJECTID* | SHAPE* SHAPE_L ength
2 |Palyline t 132206 497331

Recard: ﬂl;ll 1 _Plﬂl Shnw:w Selectedl Recare

Open the attribute table for Boundary Segments and notice a new feature was added to the
feature class. The next step isto extract only the left bank from this boundary polyline.
This task can be accomplished by using the split tool available with the ArcMap editor
toolbar. Start an edit session with Boundary Segments as the target layer. Zoom in to the
upstream left corner of the channel boundary, and select the newly created feature in the
BoundarySegments feature class. The Brazos River flows from Richmond to Rosharon,
so the upstream left corner isthe corner near the Richmond gaging station as shown
below:

P | Split location
Nl

Using the Split button ﬂ on the editor toolbar, and split the boundary segment at the
upstream left corner (shown above). Save the edits. Similarly, zoom in to the downstream
left corner, and select the boundary segment feature that contains the left bank, and split
the polyline at the downstream left corner as shown below.
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/ Split location
/

The split produces three features in the BoundarySegments feature class. Retain only the
left bank, and delete all other features from the Boundary Segments feature class. Save the
edits and stop the edit session. The final step in processing the left bank is splitting it into
boundary segments so that cross-sections can be created for each segment. Select the left
bank from the BoundarySegments feature class, and click Basic RCMM-> Split Line Into
Segments as shown below:

RCMM Toolbar |
Basic RCMM ¥ Processing Menu *  Data Importf/Export

Interpolate Attributes

Boundary From Lines

Polygon To Polvline

Split Line Into Segments

Create Thalweq

Creakte Cross-sections

Create Profile Lines

Choose BoundarySegments as input to the Line Layer. There are two options to split the
left boundary. The “as distance” option will split the polyline into equal parts of specified
length. The “as percentage” option will split the polyline into equal parts of specified
percentages of the total length. Choose the “as distance” option, and enter 500 in the
corresponding text box. Restore original will restore the original line along with the new
split segments, uncheck the restore original check box as shown below:
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isi. Split line into segments x|

— Input Layer

Line Layer IEDundar_uS egments j
— Split

¥ Az Diztance |5|:||:|

Az Percentage |

[~ Restare Oniginal k. | Cancel

Click OK, and the process should finish within two seconds giving the following message
box:

Split line to segme il

Splitting completed successFully!

Click OK, and open the attribute table for BoundarySegments to see that a single left
bank polylineisreplaced by several features, each approximately 500m long. Depending
on where the boundary polygon was split, the Boundary Segments feature class should
have 131 or 132 featuresin it.

After the left bank is split into segments, interpolate the BankElev and Depth attributes
from ReferencePoints onto BoundarySegments. These attributes are necessary for
creating thalweg from boundary segments. Click on Basic RCMM-> Interpolate
Attributes, and choose inputs as shown below:

. Interpolate Attributes x|

— Inputs
Reference Points IHeferencePnints j
Attribute IBankEIev j
Linear Features IBDundarySegments j
v Afzsign Measures ok | Cancel

Let the Assign Measures option checked. Click OK. Interpolate the Depth attribute in the
same way. The Assign Measures option can be unchecked at the second time as shown
below:
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. Interpolate Attributes x|

— Inputz
Feference Pointz IFieferenceF'Dints j
Attibute [Depth =]

Linear Features IEl:uundaryS egments j

I ,-'1'-.33|gn Measure& ok | Cancel

Click OK to assign the depth attributes. Open the attribute table for BoundarySegments to
see the new fields and attributes. The feature class should have Depth, Measure, and
BankElev fields, all populated. Close the attribute table.

-[olx]
OBJECTID* SHAPE* SHAPE_Len Depth Measure BankElew -
& [Polyline b 439 993071 7.3 2499995 186
7 [Palyline b S00.000601 7.3 7499994 186
& [Polyline b 499 999904 7.3 124909995 186
9 [Palyline b S00.000561 T3 174999499 186
10 |Palyline M SO0.000242 T.3067 22500003 185804
11 |Polyline b 499 993557 73373 27499597 15.55396
12 |Palyline b S00.001850 7.367S 324999499 15.4827
13 |Polyline b S00.000011 7.3954 37a0.000s 15.4299
4 |Polviine b 439 995265 742589 4250 18377 LI
Fecord: _*ILII 12 _Iil S o IT Selected | Fecords [0 out of 132 Selected,

This completes all the pre-processing for creating the thalweg. Add the Thalweg feature
class from Brazos RCMM.mdb to the map document. Start the edit session. Click on
Basic RCMM-> Create Thalweg as shown below:
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RCMM Toolbar |
Basic RCMM ™ Processing Menu ™ Data Import/Export ™

Interpolate Attributes

Boundary From Lines

Paolyaon To Paolyline

Split: Line Into Segments

Create Cross-sections

Create Profile Lines

The creation of thalweg is based on a logarithmic relationship between the shape of the
channel (radius of curvature of the left bank) and the distance of the thalweg from the left
bank (Merwade, 2004). For this study dataset, choose the low sinuosity option, accept the
default parameters, and click OK.

isi. Logarithmic Relationship x|

— Sinuozity
= Low (1 to1.25]
i tedium [1.25 - 1.50)
" High[>1.50]

— Enter the parameters

Leftside= [fno7sa  *leg () + [1.21
Right zide = ID_DE? *lag [r] + I-I].321

k. | Cancel

Choose BoundarySegments for Input Line, ChannelBoundary for Boundary, Thalweg for
Thalweg layer, BankElev for Bank Elevation, Depth for Thalweg Depth, and Measure for
Measure field. Check the Advanced Option (explained later) as shown below:

x|
— Input Lapers — Input Fields
Input Line IBn:nundar_l,lSegme j Bank Elewvation IBankEIe'-.f j
Boundary IEhanneIBDundar j Thalweg Depth IDEDth j
Meazure IMeasure j
— Dutput Layer
Thalweq Layer IThaIweg j v Advanced Option
] | Cancel
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Click OK. The form will show the progress at the bottom-left corner, and the creation of
thalweg takes about 15-20 seconds. Click OK on the final process completion message.

Thalweqg using curyatu x|

The thalweg was created successtully

The thalweg creation tool creates one thalweg point per boundary segment, and the
advanced option interpol ates these points to create three thalweg points per boundary
segment. The thalweg is also converted to a Bezier Curve, which sometimes (very rarely)
causes the thalweg to go outside the channel boundary, especially at sharp bends. It is
recommended to zoom in and ook at areas with sharp bends to make sure that the
thalweg liesinside the channel. For example, at one location (shown below), the thalweg
goes outside the channel banks.

2PN

—

N

Right now, no automated tools exist for handling this situation. Zoom in to the area
shown in the above figure. Select the thalweg, change the editor task to Modify feature,
and set the editor target to Thalweg as shown below:

o
Editor = |ﬂ|ﬁj Task: IMu:u:IiFy Feature j ‘ Targek: IThalweg d |

With the Modify Feature option, and the thalweg feature selected, the thalweg should

show the location of its vertices. Using the edit tool on the editor toolbar : , move the
vertex of the thalweg that lies outside the channel to bring it inside the channel as shown
below:
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While in modify feature mode, click on sketch properties button on the editor toolbar
to see the edit sketch properties of the thalweg as shown below (Note: The Z attribute
should show decimal values. If not, change the Z domain properties to reflect a precision
of at least 10. The Z attribute without decimal values will cause an error during the cross-
sections creation process):

Edit Sketch Properties |

Part | " K i | M | .

0 232065, 765 3277837.865 11,300 250,000 -
232956,311 3277568.920 11,300 250,000
237986.165 3277318951 11,300 250,000
233027.111 3277066.423 11,300 750,000
233005,707 3276829.387 11,300 750,000
233106004 3276592.122 11,300 1250.000
233018321 3276381.791 11.300 1250.000
232847.997 3276223976 11,300 1750.000
232735,457 3275916.446 11,300 1750.000
232898181 3275680.560 11.282 2250.000

0 233057.443 3275499.090 11.282 2250.000 |

| Finish Sketch |

L m I L o B RO o S Y e e |

The thalweg is a PolylineZM feature, and it has two extra attributes, zand m, besides
(x,y) attributes. Both z and m attributes are extracted from the boundary segment features
(z = BankElev-Depth, and m = Measure). Close the edit sketch properties window by
clicking Finish Sketch button, and save the edits.

Open the attribute table for BoundarySegments and |ook at the new attributes added to
these features by the thalweg creation tool.
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B Attributes of BoundarySegments - O] x|

IsRight rCurvature | ThaLocatio FromLine ToLine Upstream | Downstrea -
0| 2386 971863 0 E19EEE 273 275 0.E1966E 0 E35458
01573 205006 0ES1310 274 276 0.E35435 0Ea1123

k o) M7 A56861 0710935 275 27 0Ea1123 0. 7O0EE2
0] 940104233 030239 276 2758 0. 7O0eE2 0 E30367
0] 965730754 06555344 2T 279 0659367 0507637
111715509554 0326929 275 250 0507637 0253592
1| B37.845317 02405854 2749 231 0253592 023531
1| BO1 FESE13 0235739 280 252 023831 0240442
1| BEQ.F107ES 0245095 281 283 0240442 0305497 I;I
| »

4
Fecord: EILII 3 _I*Iil Shiow: W Selected | Fecords [0 out of 127 Selected.] Opl

IsRight indicates the direction of meander (O is aright meander and -1 is aleft meander).
Thal ocation indicates the location of the thalweg point from the mid-point of the
boundary segment. The Thal ocation value is stored as percentage of the total width, and
should be multiplied by Width to get the real distance. The FromLine attribute is the
OBJECTID of the upstream boundary segment, and ToLine isthe OBJECTID of the
downstream boundary segment. Upstream is the thalweg location from the starting point
of the boundary segment, and Downstream is the thalweg location from the end point of
the boundary segment. The ThalL ocation, FromLine and ToLine attributes are used to
compute Upstream and Downstream.

After the thalweg is created, the next step is creating cross-sections.
Creating Cross-sections

Add the CrossSections feature class from Brazos RCMM to the map document. The
CrossSections feature class is empty, and will be populated in this section. Before
creating cross-sections, copy BetaParameters.mdb from the tutorial folder to c:\temp.
Storing BetaParameters.mdb in “c:\temp” is necessary for creating cross-sections.
BetaParameters.mdb contains parameters for creating beta distributions that are used to
describe the cross-sectionsin RCMM. Click on Basic RCMM-> Create Cross-sections as
shown below:
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RCMM Toolbar |
Basic RCMM *  Processing Menu ™ Data Impork/Export

Interpolate Aktribukes

Boundary From Lines

Paolygon Tao Polyline

Split Line Into Segments

Create Thalweg

_reake Cross-sections

Create Profile Lines

Choose Thalweg for the Thalweg Layer, BoundarySegments for Boundary Segments and
CrossSections for the Output Layer.

. Create Beta using Thalwe il

— |nput
Thalweg Laper IThalweg j

Boundary Segments IBDundar}'SEng j
Boundary Laper IEhanneIEDundar j

— Dukput
Oukput Layer IErDssS ection: j

ak. | Cancel

Click OK. The process of creating cross-sectionsis relatively long compared to other
processes in RCMM. It takes about a minute or two to create cross-sections for the study
dataset. Depending on the shape of the boundary segments, the program sometimes faces
problems in locating the channel banks and gives an error message similar to the one
shown below:

Error in finding intersecting poin ll

Error with boundary segment with OBIECTID = 339

If such an error occurs, just note down the OBJECTID of the boundary segment and click
OK.
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x|

ross-seckions created successfully!

Click OK after all the cross-sections are completed successfully. Save the edits. Select the
boundary segment which produced an error during the cross-section generation process,

and study why this error occurred. A close-up of the location where an error occurred
while creating cross-sections is shown below:

2
| o
P ST II':——_ "‘3
N \
“\ "

i,
__.‘_‘_\_H_--\- —-——'_'-..I‘|; =~
! |

RCMM creates cross-sections perpendicular to three points along a boundary segment:
from (start) point, mid-point, and to (end) point. The start and mid-point worked fine for
the selected segment, but when a perpendicular (dashed line) is drawn at the end-point of
the above segment, it crosses another cross-section before hitting the channel boundary
thus producing an error. This problem can be fixed by modifying the geometry of this
particular ssgment manually. In addition, errors also occur if a boundary segment does
not overlap exactly with the channel boundary polygon. An error message during the
program execution means no cross-section is created at that particular location. If a cross-
section is desired at error causing locations, the boundary segments at those locations
need to be modified by doing asimple edit tasks. Regardless of error messages, check for
overlapping cross-sections and del ete those manually (Note: most errors associated with
creating cross-sections arise from boundary segments. The next version of the program

which will use the centerline as areference instead of boundary segments will take care
of these errors).

Open the attribute table for cross-sections, and ook at the new attributes added by the
Cross-section tool.
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B Attributes of CrossSections — o) x|

OBJECTID* SHAPE* |SHAPE_Len| ALPHA1 BETA1 ALPHAZ BETAZ2 FACTOR Measure j
1034 |Polyline Z 144 333467 596610 3E02543 1.799152 1.799152 0.245034 2601453 | —
1033 |Polyline ZM 146433871 2263622 3002283 1.815906 1.815306 0.247364 0315497
1036 |Polyline Zh 142140842 5513083 3365188 1878271 1878271 0.244569 a7 8361
1037 |Polyline ZM 137237772 2156318 3632611 17893130 1.783130 0243433 | 10465288
1058 |Polyline Zh 123655105 6163925 28918036 2027 2027321 0235361 13321809
1039 |Polyline Z 137430860 2304234 3521824 1.826039 1.826039 0.246935 1602.273
1060 |Polyline Zi 155792106 58903916 3072063 1875979 18975979 0.240361 1858 6212

1061 |Polyline Z 137466245 7444536 22TTT32 2240756 2240756 0225555 | 2147.7471
A0R7 |Pebdine 7h 180 NTER13 5 AR3704 2 NRTASA 1 97Na49 1 97NA49 N2411RF | 2430 33R4 LI

Record: ﬂll“ 0 _blﬂl Show: W Selected | Records [0 out of 253 Selected.) Optians v|

Most of the new parameters for cross-sections are related to beta distributions that are
used to describe them. Each cross-section is a combination of two beta distributions.
Therefore, ALPHAL, BETA1 and ALPHA2, BETA2 are the beta distribution parameters
and FACTOR isamultiplying factor for these distributions. Measure gives the distance
of the cross-sections along the thalweg.

Creating profile-lines from cross-sections

Add the ProfileLines feature class from Brazos RCMM.mdb to the map document. Click
on Basic RCMM-> Create Profile Lines as shown below:

RCMM Toolbar =
Basic RCMM ¥ Processing Menu ™ Data Import/Export

Interpolate Attributes

Boundary From Lines

Polygon To Polvline

Split Line Into Segments

Create Thalweq

Creakte Cross-sections

Choose CrossSections for Cross-section, Measure for Measure Field, ProfileLines for
Profile-lines, and the Depth based option. Do not choose the flow-based option, it is
really slow. Leave the default number of flow regions (10) unchanged. Click OK.
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. Create Profile-lines

x|

— lnput Layers

Cross-sections IErnssS ections = I

keazure Field IMeasure j

Prafile-lines

IF'ru:-fiIeLines j

— Prafile line options
Murnber of faw regions

% Depth based
" Flow based

T

] | Cancel

The process takes about 2-3 seconds to finish. Click OK at the final message.

x|

Profile lines from cross-se

Profile lines created successfully!

Save the edits. Open the attribute table for ProfileLinesto ook at the new attributes

(Note: the valuesin the attribute table may be little different depending on where the left

bank was split).
_lox|
OBJECTID* | SHAPE* SHAPE_Length ProfilelD -
» 1 |Polyline ZM B2771 629686 0
2 [Palyline ZM B3043176217 1
3 |Palyline ZM F3395.805175 2
4 |Palyline ZM F3517 159569 3
5 |Palyline ZM F4264 026092 4
& |Palyline ZM 4651741497 5
7 |Palyline ZM F4923 709900 B ~

R ecord: LILII 1 _Plﬂl Shuw:lﬁ Selectedl Records [0 out of 21 Selected ]

Only one new attribute is added to the ProfileLines feature class, which is Profilel D.

Profilel D indexes the profile lines from left bank (ProfilelD = 0) to right bank (ProfilelD

= 2*number of flow regions).

Stop editing, and save the ArcMap document. Generation of thalweg, cross-sections and
profile-lines compl ete the basic operations in the RCMM toolset for creating the three-
dimensional morphology of river channels. The following sections briefly describe how
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the three-dimensional channel representation can be used to create input files for HEC-
RAS.

Using RCMM output (cross-sections) for creating HEC-RAS input files

HEC-RAS s ahydraulic model used for simulating one-dimensional steady and unsteady
flowsin river channels. The following sections describe how the RCMM output can be
used to create the files necessary for running HEC-RAS simulations. A brief description
of HEC-RAS input filesis given below. HEC-RAS requires the following four files as
input:

1. Geometry File: A HEC-RAS geometry file contains all of the geometric datafor the
river system being analyzed. The geometric data mainly consist of cross section
information along with information on hydraulic structures (e.g., bridges and
culverts) and roughness coefficients. Geometry files have extension from g01 to g99.
The"g" indicates a geometry file, while the number corresponds to the order in which
they were saved for that particular project.

2. How file: A HEC-RAS flow file contains boundary conditions (upstream and
downstream) for hydraulic simulations. Flow files for steady flow simulations have
extension .fO1 to .f99. The "f" indicates a steady flow datafile, while the number
corresponds to the order in which they were saved for that particular project.
Unsteady flow files have “u” instead of “f” in the file extension.

3. Planfile: A HEC-RAS plan file contains the list of files that are associated with the
plan (e.g., geometry file and steady/unsteady flow file), and a description of all the
simulation options that were set for the plan. Plan files have the extension .p01 to
.p99. The"p" indicates a plan file, while the number represents the plan number.

4. Project file: A HEC-RAS project file contains the title of the project, the units system,
and alist of all the files that are associated with the project. Project file hasa .prj
extension.

All files associated with a HEC-RAS project must be saved in the same folder. HEC-
GeoRAS whichisaGlSinterface for HEC-RAS actually creates the HEC-RAS geometry
file. The following sections describe how RCMM output can be converted to aHEC-RAS
geometry file.

Pre-processing of RCMM for generating HEC-RAS geometry file

The pre-processing for HEC-RAS requires only the Centerline and CrossSections feature
classes. Turn-off or remove the other layers. The goal isto create a HEC-RAS model for
the Brazos River between Richmond and Rosharon gaging stations. The centerline
features can be used to create the HEC-RAS reach. The HEC-RAS reach must have the
measures assigned to it from downstream to upstream. In addition, all the featuresin the
centerline feature class form a single reach. Therefore, measures must be assigned to the

30



centerline features collectively, and not individually, which means the measure value at
the end of onelineisthe starting value for the next line, and so on. Select al the features
in the centerline feature class, click on Processing Menu—-> Assigh Ms to Reaches as
shown below:

RCMM Toolbar |

Basic RCMM = |F‘ru:u:essing Menu ™  Data Impork/Export =

Snap Poinks Lo Line
Locate Thalweg From Poinks

Locate Thalweg Using 30 Cfs

Azsign Ms To Reaches

Assign (5,n) Coordinates ko Poinks

A=sign Stakion Mumbers

Assign Downskreann Distances

Intagrate cfs with Terrain

Choose CenterLine for Input Features, check Assign aggregate Msto Multiple Features
and Assign Msin reverse direction (HEC-RAS) options. Assign Relative Ms s not
advised if the measures are to be assigned for creating a HEC-RAS model because
Relative Ms assigns measures as percentages and not as distances. L et the Starting Ms be
zero.

. Assign Measures to Reache EI

— Inputs
|nput Features IEenterIinE j

[ Azsging aggregate Ms to Multiple Features

[+ itzzign Mz in reverse direction [HEC-RBASE
[T Azsign Relative Ms [0 - 100)

Starting bz [for Mulitple features] I 1]

] | Cancel

Click OK. The process takes about 2-4 seconds to finish.

Assign Ms ko Reac x|

Measures assigned successfully!
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Click OK for the process completion message. Start an edit session with the Modify
Feature task, and CenterLine as the target. Zoom in on the most downstream feature in
the centerline feature class as shown below:

e

Using the select tool, select the downstream feature, and click on sketch properties
button on the editor toolbar to see the edit sketch properties.

Edit Sketch Properties ﬂ

Part | | % |y 'z |m | -
0 249754597 3249579.015 0.000 3299.000 —
249754549 3249577.339 0,000 3298.000
249253167 3249561398 0,000 3282.000
249249.827 3249493.447 0,000 3214.000
249750070 3249485.450 0.000 3206.000
249751.633 3249473.547 0,000 3194.000
249251957 3249453540 0,000 3174.000
249249.530 3249417614 0.000 B0

240?40 407 2740907 ANOE O 0nn. 2114 nnn

Finish Sketch |

S B Uy I L =

Note that the starting point of the selected line has a measure equal to the length of the
line (3299.285), and the end point has a measure equal to the zero (reverse measures).
Check the edit sketch properties of other features to see continuity and how the measures
are assigned.

Close the edit sketch properties window by clicking Finish Sketch button, and stop the
edit session. After the measures are assigned to the reach, the next step is to assign station
numbers to cross-sections.

Assigning Station Number sto CrossSections

A station number gives the location of each cross-section along the reach. The measures

assigned to the reach are used to assign station numbers to cross-sections. To assign a
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station number to a particular cross-section, a point is created at the intersection of that
cross-section and the reach, and the measure associated with the reach at that intersection
point is assigned to the cross-section asits station number. It is therefore necessary to
make sure that all cross-sections intersect with the reach (centerling). When an error
occurs while creating cross-sections, ArcGI S creates arow in the CrossSections feature
class with no shape (shape_length is approximately zero for such afeature). Make sure to
delete such rows from the CrossSections feature class. The easiest way to check the
intersection of cross-sections with the reach isto make a spatial selection (on the ArcGIS
menu, click Selection—> Select By Location...) of cross-sections based on intersection
with the reach. If all cross-sections are selected, there is no problem. If some cross-
sections are not selected, they should be either deleted or edited to intersect with the
reach.

After examining the cross-sections, click on Processing Menu—> Assign Station Numbers
as shown below:

RCMM Toolbar |

Basic RCMM = |F‘ru:u:essin-;| Menu *  Data Import/Export

Snap Painks Ea Line

Locate Thalweg From Poinks
Locate Thalweg Using 30 Cf's
Assign Ms To Reaches

Assign (5,n) Coordinates to Paoinks

Assign Skation Murbers

Assign Downstream Distances

Inkgrate cfs with Terrain

Choose CenterLine for Reach Layer, HydroCode for Reach Identifier, and CrossSections
for Cross-section Layer. In this exercise, the goal isto model the reach between the
Richmond and Rosharon gaging stations, and ideally the centerline layer should one
feature per reach. Since the measures are assigned by aggregating all the reaches, having
multiple features in the centerline feature class does not present a problem.
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. Assign Station Numbers Eo CFo il

—Reaches
Reach Laver IEenterIine j
Reach |dentifier IH_I,I::In:uD:u:Ie j
— Crogz-zections
Crosz-zection Laper IErDssSectiDns j
Qk | Cancel

Click OK. The process takes about 5-10 seconds to assign station numbers to cross-
sections.

Assign station numbers il

Skation nuribers assigned successfully!

Click OK on the process completion message box. Open the attribute table for cross-
sections to look at the new attributes (Note: the attribute values may be different
depending on how the boundary segments are split).

E Attributes of CrossSections - 0] x|

BETA1 ALPHA2 BETA2 FACTOR Measure | HydroCode | StationHo | =
» 375 1.704404 1.704404 0254560 2E0.1453 |9583577a7 E32585.31582
3E02543 1790152 1.799152 0243034 2E01453 |959377a7 E3027 EE149
3552283 1815308 1.815906 0247364 531 5497 |959377a7 E2TE2 0261
3365188 1578201 1.5782M 0244869 Ta7 8361 |959377a7 E2490 2135
3632611 1.739130 1.789130 0243435 ( 0468258 [95937797 22405153
2915036 2027321 2027321 0.235361 13321809 |95937797 G1976.001
3521824 1526058 1.526059 0245955 1602275 195857737 1 ?1!].32|SE ;I

4
Record: EILII 1 _Irlﬂl Show: W Selectedl Records [0 out of 253 Selected.]

Two new fields are added, HydroCode and StationNo. HydroCode is the cross-section
identifier that links the cross-section to reaches. For any cross-section that lieson a
particular reach, its HydroCode is equal to the HydroCode of the reach. StationNo isthe
measure along the reach. HydroCode identifies which reach the cross-section belongs to,
and StationNo identifies the exact |ocation on the reach.

Assigning downstream distances to cr oss-sections



One last attribute necessary for creating a HEC-RAS geometry file is the distance
between adjacent cross-sections. This can be accomplished by using the Assign
Downstream Distances tool. Click on Processing Menu-> Assign Downstream Distances
as shown below:

RCMM Toolbar |

Basic RCMM = |F‘r|:u:essin-;| Menu ™  Data Impork/Export =

Snap Poinks o Line

Locate Thalweg From Points
Locate Thalweg Using 30 Cf's
fssign Ms To Reaches

Assign (5,n) Coordinates to Poinks

Assign Station Mumbers

Assign Downskreamn Distances

Inkgrate cfs with Terrain

Choose CrossSections for Cross-sections Layer, HydroCode for Reach Identifier and
StationNo for Station Identifier. Click OK.

. Assign Downstream Distance il

— Inputs
Crozs-zection Layer IEru:ussS ection: j
Reach |dentifisr [HydraCade |
Station |dentifier IStatinnNu j
k. Cancel

The process should take about 15-20 seconds to finish. Click OK on the final completion
message.

Assign downstream distances to cross- x|

Downstream diskances assigned to all cross-seckions successfully!

Open the attribute table for CrossSections to see the new attribute, DistanceDS.
DistanceDS stores the reach length between adjacent cross-sections on areach. The last
cross-section on areach will have a DistanceDS = 0.
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_lofx]
ALPHAZ2 BETA2 FACTOR Measure StationHo | DistanceDS | HydroCode -
1.799152 1.799152 0.248034 2B0.1453 | B3027 BE19 | 285 EB35800 95437797 | —d
1.215906 1815906 0.247364 5315497 | B2YE2.0261 | 262.812600 Q5927 7ar
1.8782M 1.8782M 0.244869 TAT 8361 | 624002135 249393200 Q59a77ar
1.789130 1.789130 0248435 104682858 | 622408153 273814300 Q5937 Tar
202732 20273 0235361 1332.1809 B1976.001 | 265677200 959377ar
1.526058 1.8260549 0.2469:55 102275 B1710.3235 | 254897700 95937 7ar
1.975979 18759749 0.240961 18586212 | 614554258 2769558 95937 7ar
2.240756 22407356 0225555 21477471 | B1175.4399 | 277 622800 95937 7ar
1.970549 1.8705449 0241166 2438 3361 B0A00.E17 | 265822200 Q8937 var
1.540082 1.540988 0270901 2r07F 7302 | B0E34 99438 2553773 Q5927 7ar
1932674 1832674 0242603 2962 5681 | BO3YIEITS ] Q59a77ar -
1 | » |_I
Recaord: ﬂlll 1 _I*Iﬂl Show: W Selected | Recaordz [0 out of 253 Selected.] ki

Close the attribute table for CrossSections. The RCMM cross-sections are now ready for
export to aHEC-RAS geometry file via XML format. The XML format is adopted
because it is generic, and can be used as input to other models. The data are, therefore,
first converted to XML format, and then the XML fileis used to create the geometry file
for HEC-RAS.

Creating HEC-RASfilesfrom RCMM

Click on Data Import/Export-> Cross-sections to XML as shown below:

RCMM Toolbar |

Basic RCMM ™ Processing Menu ™~ |Data ImportfExport

Cross-52ections to xML

¥ML ko GearmekryFile

Export SDF ba =ML

PrafileLines |sing FTable

Choose Centerline for Centerline Layer, CrossSections for CrossSections Layer,
HydroCode for ReachlD (both Centerline and ¢/s), HydroCode for Reach Code, Name
for River Name, StationNo for Station Number and DistanceDS for Spacing (c/s). Save
the output XML file as rcmm.xml as shown below (Note: The More Options check box at
the bottom is intended to provide additional parameters such as Manning's N,
expansion/contraction ratio, etc for the HEC-RAS geometry file, but this part of the
interface is still under development, and will not be used in this tutorial):
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x|

— Inputs
Centerling Layer IEenterIine j CrozsSections Layer IErDssSectinns j
FeachlD [Centerling] IH}'deEDdE j Station Murnber IStatiDﬂND j
River Mame INamE j ReachlD (o) IH_I,Idru:uEu:u:Ie j
Reach Code I"'.'r"ilf'I":'I"IIE j Spacing [c/z] IDistanceDS j

— Select Output

= IE:'&temp'\rcmm.:-:mI

_I [T More Options Ok | Cancel

The process takes about a minute or so to finish. Click OK at the final message.

RCMM to XML x|

#ML file created successfully!

Open the xml file in internet explorer from windows explorer to see the structure of the
file (depending on what browser is used to open the xml file, the view may be little
different compared to the view shown below).
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3 Ctemp' remmusmil - Microsoft Internet Explorer provided by CRWR UT Austi - |EI ILI
Ty

File  Edit Wiew Faworites Tools  Help ‘ Uj

cJ - &) Back - |ﬂ il] . | - gearch =7 Favorites 4= L =

Address Chkempircmnm, zml j a o ‘ ke ‘@ -
-

<?xml wersion="1.0" 7= (o
- <ChannelGeometry=
- <Header=
- wExtent=
<MECOrmersy ®="254341.748653282" v="3277899.73146947" />
<SWCornersy ¥="232747.507609171" ¥="3247031.70200072" /=
</Extents
=/Header=
- <Repaches=
- «<Reach>
<ReachID ID="95937623" />
<RiverMame Mame="Brazos River" /=
zReachCode Code="95937623" />
<ReachPoint =="233000.513433407" ¥v="3277899.73146947" Z="0" />
<ReachPoint ¥="232995.248025401" v="3277888.94874946" Z="0" />
<FeachPoint x="232988.985241396" ¥="3277874.22567745" Z2="0" />
<ReachPoint ®x="232986.175385393" ¥="3277866.72590144" Z="0" /=
<ReachPoint x="232983.900057391" ¥="3277859.06023743" Z="0" /=
zReachPoint x="232979.267481387" v="3277839.60218941" Z="0" /==
<ReachPoint ¥="232975.943577384" v="3277815.83105339" Z="0" />
<FeachPoint x="232975.914905384" ¥="3277807.82951738" Z="0" />
<ReachPoint x="232974.028697382" ¥v="3277779.29889336" Z="0" /=
<ReachPoint x="232971.53832938" v="3277764.09447734" Z="0" /=
zReachPoint x="232969.744281378" v="3277756.29774134" Z="0" /==

|@j l_ l_ l_ l_ l_ | f My Computer

| Kl

The data are organized on areach-by-reach basis. First, the reach data are stored as x,y,z
points, and for each reach, the cross-sections are stored, also as x,y,z points.

After the XML fileis created, the final step in preparing the datafor HEC-RAS s
creating the geometry file. In addition to the geometry file, other filesfor HEC-RAS
(project, plan, and flow files) can also be created by using RCMM. However, other files
(-prj, .pO1 and .fO1) will not have al the required information for running a hydraulic
simulation. For example, the flow file will not have the boundary conditions specified, or
the plan file will not have simulation options (subcritical/supercritical) etc. Theideaisto
create the files with basic information so the project can be loaded in HEC-RAS.

Click on Data Import/Export—> XML to GeometryFile as shown below:
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RCMM Toolbar |

Basic RCMM ™  Processing Menu ™ |Data Import/Expork

Cross-5ections to XML

%ML bo GeometryFile

Export 5DF fa =ML

ProfileLines Using FTable

Browse to rcmm.xml file for input, and name the output geometry file as
rcmm.gO1(specifying the extension is optional). Check the Create HEC-RAS files option
to ensure the project file, flow file, and plan file are aso created for running HEC-RAS.
The name specified for the geometry file is used to create other HEC-RAS files with
appropriate extensions, and all files are stored in the same folder as the geometry file.

isi. Transfer XML to HEC-RAS Geometry x|

Specify Input/Dutput

Iput kL File | C:Stemphrcmmm, =ml =

Output C:Stemphrcmm. g1 =

eometry File F . _E
[+ iCreate HEC-BAS files ] 4 Cancel

Click OK, and the file creation process should finish in about 5-10 seconds. Click OK on
the process completion window as shown below.

¥ML to HEC-RAS Geomet x|

HEC-RAS files created successhully

Opening RCMM in HEC-RAS

Open HEC-RAS, and click on File>Open Project.. as shown below:
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HEC-RAS - River Analysis System ;Iglil

Edit Run View Options Help
Hydralagic Engineering Cenker o .
US Army Corps of Enginesrs |

Mew Project ...

Save Project |
Save Projeckt As .., |
Fename Brojeck Title:, ., I
|
I

Delete Projeck ...
Froject Surnmary ...

Impork HEC-2 Data ... -
Irport HEC-RAS Data .. EI | US Customary Units
Generate Bepork .,

Export GIS Data ..

Expott to HEC-DSS ...

Restore Backup Data »

Exit

Cihkempromm, pri

CiitemplBrazos. pri

ChVWorking) Tempararyiwallerrasiwaller 1. pri
Cihkemphc_termp) TEMPYremm2. pri
Cihkernphc_temp) TEMPY remm. pri

Browse to rcmm.prj and click OK.

Open Project

Title File Mame Directories
|Basiu: Froject File |ru:mm.|:uri C:htemp
Basic Project File Brazos. pri

:Bazic Froject File
(L bathydata
|:| c_temp
[Ainfo
|;"| john LI
Ok I Cancel I Help I Create Directary I I (= j

|Select project b Oper

With the remm.prj file, other files will be automatically added to HEC-RAS as shown
below (depending on where the files are created, the file locations will be different
compared to the view shown below):

HEC-RAS - River Analysis System ;Iglil

File Edit Run Wiew Options Help
53 = I g I | e Hydrelegic Engineering Center .
it i HD [ = fﬁ; UZ Army Corps of Enginesrs M

Project; IBasic: Project File IE:\temp\rcmm.pri

Plar: |Basic: Plan File |2 Mtemphremen. pll
Geometny: |F|I:MM Derived Channel Geometry |I::'\tem|:|\rc:mrn.gEI'l
Steady Flow: |Ea$ic Flaww File |E:\tem|:u\rc:mrn.fEI1

nzteady Flow: | |

Proj :
Dlssliﬁ;tinn: I EI |5| Uriits
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Click on the geometric data editor@ to look at the cross-sections as shown below:

Geometric Data - RCMM Derived Channel Geomekr

=10l x|

File Edit “ew Tables Tools Help

Taolz | River |Storage | S.A. Pum RS
Edit Reach | Area Conn. | Station @
s, | ——| - ol | PR
Junct, & .

g s T i

Crozs -
Sectiun\

= Cross-section Y
Erdgﬂ:ub edltor A
Irline
Sitructure
Latetral
Sitructure

B

Storage
Area

Storage
Area Conn.

:

Pump
Station

I:T

Same schematic data outzide default extents (zee Vi

o y 5;'- w

g, :lag
S85.74
20915 64

19
b ol ]

e

11595.87

]

EABematic Plot Exterts... =
3 |

255052 .80, 227 7520.00 |

Click on the cross-section editor to view RCMM cross-sections (depending on the station
numbers, the cross-section view will be different than the view shown below).

_ipixi
Exit Edit ©Options Plot Help
Efvizr lm foply Data | +a| Plot Options g [~ KeepPrev S Plots  Clear Prev I
Reach: I 95333663 = F“\“3'5“3-1|8315-?35 = ﬂ Basic Project File Plan: Basic Plan File
Description  |Cross-section=8315.736 EI | CrDSS-Seulztion=8315.?35 |
Del Row | Ins Row | Downztream Reach Lengths 14_‘_ ik [y U2 f ik |
Cn Coordinates LOB Channel ROE ] Eteﬂ
—|—|j5tat,m Elevation |604.8524  [E04.8524  [G04.8524 124 Ground
_ 1|0 12736 Manning's n Yalues ? ~  1p] Elan;Sta
_ 2|1.3M 12.49 E
32689 12.293 5 ]
4| 403 12124 g °
5|53 11.962 R
B|6.722 11.609 Lt B
7| c.088 11.663 fo [134.458 o
_ 83413 11.523 ConthExp Coefficients
_ 9110757 11.388 Contraction E xpansion 2 T T T T T T 1
ﬂ 121 11257 ;I IU.1 |U.3 ul 20 40 =11] a0 100 120 140
Station (m) 125,77, 1051
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Close the geometric data editor. On the main project interface, click on Edit-> Steady
Flow Datato see the flow data.

HEC-RAS - River Analysis System ;Iglil

File Run  Wiew Options  Help
Hydraolegic Enginzering Center . .
US Army Carps of Enginesrs b

| Geometric Data ..., | El

Projd  Unsteady Flow Data ... |2 Stemphrcmm. pri
Sediment Data ...

Plan: |E:'\tem|:|\rcmrn.|:|ﬂ'|

Geometny: |F|EMM Derived Channel Geametry |E:'\tem|:|'\rcmrn.gtl'l

Steady Flow: |Basic Flan File |E:'\tem|:|'\rcmrn.fEI1

Unzteady Flow: | |

Project -

D escription : || I;I I o Lt
Steady Flow Data - Basic Flow File = |EI |£|

File Options Help

Enter/Edit Humber of Prafiles [2000 max): |1 Reach Boundamy Conditions | Apply ata |

Locations af Flawve Data Changes
River: I Brazosz River j
Reach: | 95937623 | River Sta: | £5561.96 ~| Add A Flow Change Lacation |

Flows Change Location Prafile Mames and Flaw B ates
River Reach RS PF1
1| Brazoz River 25937623 E55E1.9E
2| Brazoz River 25937797 E3937 45
3| Brazoz River 25937733 53957
4| Brazoz River 25937855 B7394 67
5| Brazoz River 95937833 Lttt

|E|:Iit Steady flow data far the profiles [m3/s]

RCMM creates only abasic flow file for HEC-RAS, and does not include any flow data

or boundary conditions. The user is expected to enter the flow and boundary conditions
datato run HEC-RAS.

Manipulating boundary conditions and running HEC-RAS is not included in this tutorial.
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Section 3 - Analysis of Residualsfrom RCMM

RCMM defines only an average surface (deterministic trend) for the channel bed, and to
describe the structure of the channel bed completely, the stochastic trends (local-scale
variations) must also be incorporated. The classical approach to identify the local
variations isto filter the observed data from the RCMM cross-sections, which means
subtracting the analytical cross-sections from the observed bathymetry points. Negative
residuals will signal a deep pool and positive residuals will signal ashallow riffle. Thisis
the simplest approach one can use to identify the riffle-pool sequence (Knighton, 1998).
In this section, the results of application of RCMM to the site 1 on the Brazos River are
subtracted from the observed bathymetry to study the residuals. For details on application
of RCMM to site 1 on the Brazos River, the reader is referred to chapter 5 of Merwade
and Maidment (2004) provided with the CD-ROM.

Before correlating the residuals with the pool-riffle sequence, it isimportant to make sure
that RCMM is capturing all the trends. There are two types of trends in the data:
longitudinal (along the flow) and lateral (across the flow). For river channels, the latera
trend is more pronounced compared to the longitudinal trend. Although, RCMM does not
have a procedure to incorporate the longitudinal trend (slope), the thalweg estimated by
RCMM can be modified (by changing its z attribute) to account for the slope in the
channel. A slope of 1:3334 (estimated from the observed data) is applied to the RCMM
output before calculating the residuals. A plot of residuals at Site 1 on the Brazos River is
shown below:
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Bathymetry_Points
Residual_afterslope
-6, 792722 - -2, 772820
& -2 772819 --0.719535
-0,719534 - 0.590000
+ [0,590001 - 1,750000
+ 1,750001 - 2,500000
+ 2,500001 - 4,000000

From the above figure, it is not immediately apparent whether a positive/negative
residual area signals ariffle/pool, or the residuals are resulting from some other factors.
To further analyze the residual s from the above plot, cross-sections are plotted by using
the observed data at locations A, B, C, D and E. The observed cross-sections are plotted
starting from the left bank (looking downstream) with distance along the cross-section on
the x-axis, and the corresponding elevation on the y-axis as shown below.
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Elevation {m)
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Distance {m)
Theresiduas are aresult of one or a combination of the following factors:

e The observed data have incomplete information about the left bank (plots A and C) at
some locations resulting in negative residuals a ong the edges.

e RCMM results are produced by using a constant bank elevation of 12.25m, which is
close to the observed bank elevation at most locations, except in the area surrounding
location B, where the bank elevation is 13m or higher (plot B). This produces positive
residuals along the right bank in the area surrounding location B.

e Sincethe location of thalweg dictates the shape of the cross-sections produced by
RCMM, inaccurate estimation of thalweg results in residuals that may be misleading
in identifying poolg/riffles. The following figure shows the measured thalweg and the
RCMM output. Residuals surrounding location D result from inaccurate prediction of
thalweg.
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e Atlocation E thereis an abrupt drop in the thalweg elevation (5m) compared to the
thalweg just upstream at location D (2m). This produces negative residuals at that
particular location.

Locations like E are the target areas for identifying local scale variations in the channel
bathymetry, but factors such as the quality of the observed data, and the inability of

RCMM to capture some important details in the data (for example, the thalweg at some
locations) produce residuals that are misleading. It is, therefore, necessary to first modify
RCMM to describe the channel morphology better by incorporating additional factors
such as geology, terrain, etc. before studying the residuals in detail. The following section
discusses a possible approach for quantifying local scale variations by using RCMM
residuals.

If RCMM is able to describe the mean surface of the channel bathymetry accurately, the
residuals should have no spatial correlation (white noise). However, it is usual to observe
some small spatial correlation even after removing the lateral (cross-sectional shape) and
longitudinal trends (slope) in the data (Kanevski et. al, 2002). The first task, therefore, is
to study the spatial correlation of the residuals. The geostatistical analyst extensionin
ArcGISis used to fit the semivariograms for studying the spatial correlation of the
residuals. Semivariogram modeling is similar to fitting a least-squares line in regression
analysis. Any type of function that can serve as a reasonable model can be used to fit the
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semivariogram. For example, a spherical type that rises at first and then levels off for
larger distances beyond a certain range is commonly used. The figure below shows a
hypothetical semivariogram, which isaplot of semivariance (y) versus the distance (d)
with semivariance as the ordinate (Figure below):

— Semi-variogram
model
Sill
e Empirica
Semi-variogram

e | rarge
d ——

Three terms are important in semivariogram modeling: the range, sill, and nugget. The
distance from the origin to a point where the semivariogram first flattensout is called as
the range. All the locations that are separated by distances shorter than the range are
gpatialy correlated, whereas the locations further apart are not (spatially independent).
On a semivariogram plot, the range is measured along the horizontal (x) axis. When a
semivariogram model attains the range, the corresponding value on the y-axisis called as
the sill. The value along the y-axis at a point where the semivariogram intercepts with the
y-axisis called as the nugget. At zero separation distance (d;; = 0), the semi-variance is
zero. However, measurements tend to vary at infinitesimal separation distances. The
nugget also referred to as nugget effect, can be attributed to measurement errors or to
gpatial variations at micro-scales smaller than the sampling distances. The sill minus the
nugget is referred to as the partia sill. Since the semivariogram computes semivariance
versus distance for each pair of pointsin the dataset, the numbers of pairsto be computed
multiply with the size of the dataset. Therefore, a procedure known as binning is used,
where average values of semivariance and distance are computed for all the pairsin abin.
The average values for each bin are then used in the semivariogram plot. The
semivariogram plots presented in this report are produced by using the binning
procedure, and therefore, the number of data points on the plotsis much smaller than the
number of pointsin the original dataset

To get abetter sense of the residuals, the data are analyzed in (s,n,z) coordinate system so
that semivariograms can be fitted in both n- (across the flow) and s- (along the flow)
directions (Merwade et al, 2005). The semivariogram plot for residuals along the Site 1 of
the Brazos River in s-direction (flow direction) is shown below:
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Similarly, the semivariogram for residualsin n-direction is shown below:
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In the semi-variogram plots shown above, the red dots are obtained from the residuals,
and the yellow lines are theoretical models (Spherical type) fitted to red dots. Details on
what equations are used to fit a spherical type semivariogram model, and how these
semivariograms can be used to make a prediction at unknown locations can be found in
Section 4.5.4 of Merwade and Maidment (2004) provided with the CD-ROM.

The following table summarizes the parameters of semivariograms for residuals aong s-

and n-directions.

Parameters | Brazos River at Site 1

n-direction | s-direction
Range 40 118
Partial Sill 1.58 1.58
Nugget 0 0

Therange and partial sill in both sand n direction suggest that the residuals do have a
spatial correlation. The range across the flow (n direction) is almost 1/3" of the range
along the flow (s direction). The partial sill, however, isthe same.
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The stochastic small-scale spatial variations exhibited by the residuals can be handled in
several ways: spectral methods, moving average processes, geostatistical methods, etc.
Christakos (1992) provides a good overview of these different methods. Geostatistical
methods would be the best way to deal with residualsin a GIS environment. The current
version of geostatistical analyst in ArcGIS does not offer any functions to simulate
random fields. However, external libraries such as GSLIB (Deutch and Journel, 1992)
and GSTAT (Pebesma and Wesseling, 1998) offer a technique called Sequential
Gaussian Simulation (SGS), which can be used to simulate random fields. A SGS model
requires two inputs: semivariogram and the extent of area to be simulated. In the absence
of any pre-defined condition or data, SGS starts with asingle cell (data point) at any
random location in the area of interest, and employs the input semivariogram to predict a
value at that point using the kriging technique. Thisfirst point is then used to condition
the prediction value at the second point, the first two points are then used to condition the
prediction value at the third point, and this process continues until all the points are
visited only once. A single prediction for each point constitutes a single realization of the
procedure. Multiple realizations are performed to get a distribution at each point, and a
valueis picked for each cell.

The output from the SGS process can be added to the mean surface obtained from

RCMM to get the final result, which will then have both the deterministic and a
realization of the stochastic component of the channel bathymetry. As mentioned earlier,
the SGS processin not available with ArcGIS, and considerable effort would be required
to employ libraries such as GSLIB or GSTAT to perform SGSin ArcGIS. Thistopicis,
therefore, not addressed in the current scope of work, and will be revisited in the future.
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Section 4 - Application of RCMM to the Lower Brazos Priority Segment

In this section, the applicability of RCMM to the lower Brazos priority segment (regional
scale) is presented. The following two questions associated with the applicability of
RCMM at regional scale:

1) Can RCMM produce cross-sections for river reaches that are several hundred

kilometers long?
2) If the answer to Question 1 isyes, how good isthe RCMM output?

To answer the first question, RCMM is applied to the lower Brazos segment
(Approximately 470 Km) starting from Brazos River at SH 21 near Bryan, Texas as
shown in the figure below:
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08090800

e  (Gaging Stations 08093100

Brazos River 08096500
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08098290

08108700

0 50

100.
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Hydraulic geometry relationships developed for the gaging stations are presented in
Table 5.4 of CRWR_04-08.pdf provided with the CD-ROM. Using the hydraulic
geometry relationships, depth and bank elevation at each gaging station are calculated for
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average flows, which area available from the USGS. Flow statistics such as minimum,
maximum, average etc. for each station can be obtained from the USGS website by using
the recent daily flow datalink. The width is obtained by digitizing the channel boundary
using aeria photographs. By using RCMM, athree-dimensional representation for the
lower Brazos segment is produced. The following figure shows the output for a cross-
section near Richmond gaging station.

0 5 10.
I Kilometers

e Frofilelines

CrossSectons

8116650

With an affirmative answer to the first question (Can RCMM produce cross-sections for
river reaches that are several hundred mileslong?), the accuracy of the RCMM output
must be analyzed. .

The answer to the second question (How good isthe RCMM output?) depends on the
input to RCMM. There are three parameters that are critical in describing the general
shape of any cross-section: width, depth and bank elevation. In addition there are scaling
issuesinvolved. To develop achannel representation at regional scale, regional scale data
are used which, very often, do not match with data collected at local scales. The results
from regional application of RCMM are evaluated by comparing RCMM output with the
locally collected data at Site 1 along the Brazos River. The following figure shows the
channel boundaries at Site 1 obtained using aerial photographs and locally collected data.
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The lateral shift in the channel boundary delineated from aerial photograph range
anywhere from 5m to 35m. This discrepancy in the channel boundary definition affects
the thalweg prediction which in turn affects the cross-sections produced by RCMM.

Other important parameters that affect RCMM output are depth and bank elevation,
which are obtained from USGS gaging stations data. The upstream and downstream
gaging stations from Sitel at Brazos River are Hempstead and Richmond, respectively.
The hydraulic geometry relationships at these two locations, presented in Merwade and
Maidment (2004), are used to calculate the average depth and bank elevation at Site 1.
The average depth at Site 1 for an average flow of 276 m*/sis estimated to be 4.5m,
which matches with the average depth of the observed bathymetry data. The bank
elevation, however, does not match with the observed data. The bank elevations at
average flows for Hempstead and Richmond station are 37.12m and 13.2m, respectively.
A linear interpolation of these values gives abank elevation of 21m at Sitel, whichis
about 9m higher than locally surveyed data (12.25m). This causes a shift of 9min the
vertical datum making the RCMM output unrealistic for any kind of analysis. Such a
discrepancy in the vertical datum suggests that the USGS data must be supplemented by
local elevation datato make the RCMM output redlistic.
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Section 5— Summary and Future Work

Summary

A toolset (RCMM) is developed for analyzing and extrapolating river channel
bathymetry. The three-dimensional representation of river channels described by RCMM
can be used to run HEC-RAS model. Although RCMM has tools for creating HEC-RAS
filesonly, the XML output from RCMM can be used to create geometry files for other
hydraulic models as well. The current verson RCMM provides only the mean surface for
the channel, and the capability to add local-scale variations to this mean surface still
needs to be added. The approach of subtracting RCMM from observed data and plotting
the residuals to study the patternsin local-scale variations does not provide a clear picture
of these small-scale variationsin the bathymetry. A better approach would be to model
these variations using geostatistical methods such as sequential gaussian simulation.
When applying RCMM at regional scale using the USGS flow and elevation data, it is
recommended to supplement the elevation data with local measurements to get
meaningful output from RCMM.

FutureWork

Future work involves modification to RCMM code, conceptual enhancement of RCM M,
and amethod for incorporating local scale variations to RCMM output. Some of the tasks
that are envisaged for the future work are listed below:

e Thecurrent version of RCMM uses the left bank of the channel as areference for
locating the thalweg and creating cross-sections, which produce errors during
program execution. These errors arise mainly from discrepancy between the channel
boundary and the boundary segments. In addition, intermediate steps such as
converting polygon to polyline, interpolating attributes for the boundary segments,
etc. could be eliminated if the left boundary is replaced by the channel centerline (
NHD) as areference.

e The current version of RCMM looks for parameters for creating beta distribution on a
local drive (“c:\temp”). In addition, other parameters such as Manning’s N,
expansion/contraction ratio, etc. for usein HEC-RAS are hard coded in the program.
These issues need to be addressed for a more user-friendly experience with RCMM.

e Since RCMM can be exported to a XML file, this structure could be exploited to use
RCMM output for other hydrodynamic models that are used by Texas Water
Development Board (eg. SMS mesh for RMA?2).

e Modification of RCMM to account for local-scale variations by using the concept of
sequential gaussian simulation.

e Incorporation of factors such as slope, geology, land use etc. into RCMM.

e Extending RCMM to include channel confluences and other channel types (eg.
braided channels).
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