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Goals of the Exercise

This exercise is intended for you to build a base map of geographic and streamflow data
for a watershed using the San Marcos Basin in South Texas as an example. The base map
comprises watershed boundaries and streams from the National Hydrography Dataset
Plus (NHDPIus). A geodatabase is created to hold all these primary data layers and a
method for creating relationships inside the geodatabase is also illustrated. In addition,
you will create a point Feature Class of stream gage sites by inputting latitude and
longitude values for the gages in an Excel table that is added to ArcMap and the
geodatabase. The table is used to create an XY Event and a Point Feature Class. You also
compare the locations of the San Marcos basin surface boundaries, and the Edwards
aquifer subsurface boundaries.

Computer and Data Requirements

To complete this exercise, you'll need to run ArcGIS 10 froma PC. At the University of
Texas, the computers in ECJ 3.400 and ECJ 3.402 have ArcGIS version 10 installed on
them. At Utah State University the software is installed in ENGR 305, in the College of
Engineering PC lab. The room for the software at the University of Nebraska is
Nebraska Hall, Engineering computer lab N16 SEC. You may also use the desktop
software packages for ArcGIS 10 that have been obtained for you to use from ESRI.



The HUC boundaries are a subdivision of the US made by the US Geological Survey to
show major and minor river basins. There are 2-, 4-, 6-, and 8-digit HUC boundaries,
where the larger the number is the smaller the area. The HUC8 boundaries are the basic
ones. Each of the 21 Hydrologic Regions in the US are shown below and for this exercise
we will focus on Water Resources Region 12, which contains most of Texas.

« NHDPIlus Data »

Select the data region of your choice by clicking on the map below or selecting the name from the list.

Note: The unusual map edge appearance is due to the use of the USGS quad map edges. The map extent shows the extent of
available quad maps.
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The NHDPIus data for the United States can be downloaded over the internet:

NHDPIlus http://www.horizon-systems.com/NHDPIlus/

Get the NHDPIus data for Region 12:
http://www.horizon-systems.com/NHDPIlus/data.php

For those ambitious students that would like the experience of downloading NHDPIus
data for themselves, follow the instructions in this section. Otherwise, skip ahead to the
Procedure for the Assignment Section where you will find a zipped file with all the
necessary data.

Follow the link to get NHDPIus data, and click on the Region 12 location in the map (or
another region if you want a different area of the country).

There you will download the following files and save them in a directory of your
choosing:

- Region 12, Version 01_01, Catchment Flowline Attributes
- Region 12, Version 01_01, National Hydrography Dataset


http://www.horizon-systems.com/NHDPlus/
http://www.horizon-systems.com/NHDPlus/data.php

Don’t download the grid files because they are not needed for this exercise and they are

huge in size.

File Description

Region 12 , Version 01_02, Catchment Grid

Region 12, Version 01_02, Catchment Shapefile

File Name (.zip***)

NHDPlus12V01_02_Catgrid
NHDPlus12V01_02_Catshape

Format

ESRI Grid*

Shapefile**

egion 12, Version 01_02, Catchment Flowline

@ttributes

NHDPlus12V01_02_Cat_Flowline_Attr

Region 12, Version 01_01, Elevation Unit a
Region 12, Version 01_041, Elevation Unit b
Region 12, Version 01_01, Elevation Unit c
Region 12, Version 01_01, Elevation Unit d
Region 12, Version 01_01, Elevation Unit e

Region 12, Version 01_041, Elevation Unit f
Region 12, Version 01_01, Flow Accumulation
Direction Unit a

Region 12, Version 01_01, Flow Accumulation
Direction Unit b

Region 12, Version 01_01, Flow Accumulation
Direction Unit c

Region 12, Version 01_01, Flow Accumulation
Direction Unit d

Region 12, Version 01_01, Flow Accumulation
Direction Unit e

Region 12, Version 01_041, Flow Accumulation
Direction Unit f

and Flow

and Flow

and Flow

and Flow

and Flow

and Flow

NHDPlus12V01_01_Elev_Unit_a
NHDPlus12V01_01_Elev_Unit_b
NHDPlus12V01_01_Elev_Unit_c
NHDPlus12W01_01_Elev_Unit_d
NHDPlus12V01_01_Elev_Unit_e

NHDPlus12V01_01_Elev_Unit_f

NHDPlus12V01_01_FAC_FDR_Unit_a
NHDPlus12V01_01_FAC_FDR_Unit_b
NHDPlus12V01_01_FAC_FDR_Unit_c
NHDPlus12V01_01_FAC_FDR_Unit_d
NHDPlus12V01_01_FAC_FDR_Unit_e

NHDPlus12V01_01_FAC_FDR_Unit_f

ESRI Grid
ESRI Grid
ESRI Grid
ESRI Grid
ESRI Grid
ESRI Grid

ESRI Grid

ESRI Grid

ESRI Grid

ESRI Grid

ESRI Grid

ESRI Grid

Eegion 12, Version 01_01, National Hydrography

ataset

NHDPlus12V01_02_NHD

Shapefile and
DBF

Region 12, Version 01_01, QAQC & Sinks Spreadsheet

Region 12, Version 01_01, Stream Gage Event

NHDPlus12V01_01_QAQC_Sinks

Excel
Spreadsheet

NHDPlus12V01_01_StreamGageEvent DBF

After extracting the zipped files, you should have something similar to the following:
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Watershed Boundary DataSet These data can be obtained from
http://www.ncgc.nrcs.usda.gov/products/datasets/watershed/ At the time of writing in
September 7, 2011, this web site is disabled and it comes back with a message: “This site
is temporarily offline for maintenance. Please check back at a later time.”. Its unclear in
what form this site may return. If it works as it used to, then you would Click on
“Obtain Data” at this address, and then in colorful display that follows, go to the top left
and say “Get Data”. To get the data for Texas, select “Quick State” in the box on the
lower left, and then select TX Texas in the drop-down menu that follows.



http://www.ncgc.nrcs.usda.gov/products/datasets/watershed/

Help Contact

() N 4 1 mi

At Step 2, select 12 Digit Watershed Boundary Dataset 1:24,000
JUSDAlR Geospatial

—| Products:

H=1 hydralagic_units

A 12 Digit Watershed Boundary Dataset 1:24,000 202 maps 112.50 MB}
—D & Digit Watershed Boundany D ataset (HUCA2 subset) {208 maps 13.33 MB]
1] 2-Digit Hydrologic Unite 1:250,000 by State {2 maps 7.45 MB}

—%Epographic_images

Instructions Digital Raster Graphic County Mosaie by NRCE (254 maps 25165.13 MB}
H=1 map_indexes

H Quadrangle Index 1:12,000 {254 maps 10.15 B}

M Cuadrangle Index 1:24,000 254 maps 3.11 MB}

H Quadrangle Index 1:100,000 by State {1 map 0,14 WMB}

M Quadrangle Index 1 Degree by State [1 map 0,05 MB}

—D Quadrangle Index 1:250,000 by State {1 map 0.03 MB}

=] elevation

H 1 Natianal Elevation Datazet 3 Meter {102 maps 764957 wB}
MO Mational Elevation Dataset 10 Meter {4293 maps 25150.23 MB}

| Continue To Step3 |

At Step 3, just leave the options as the standard ones: Geographic coordinates in NAD83
datum in one ESRI Shape File



51: Locate Area 52: Select Products
Data Format for the Selected Products

Vector Projecti .
IIEEEa:hEr:!-rm::“and Projections Table) GEDgI’EphIC [Lat.FLDng} NADB83 4

Step 3 | vecorrieromas

* NOTE: All vector products are delivered as ESRI Shape File(s).

Instructions The option 'One ESRI Shape File' does not apply to CLU and SSURGO.

Clipping is Standard
Compression: All themes and maps delivered via FTP are in Zip format.

NOTE: CD orders and products larger than 2.14 GB are not compressed into a single archive.

At Step 4, fill in the delivery information:

BTy T EETT se: shiveing tofo N
Shipping Information for the Current Order

Delivery Method
© FTP Download @ CDROM

Step 4 -

* First Name

Instructions

* Last Name
* Email
* Confirmn Email

Organization/T5P 1D

* Address

Address
Options

* City

Save Values

*® Stat
Privacy Statement ate

Continue to StepS
———————

Then go to Step 5 and the estimated download time is given. When the file is ready, you
get an email message, and then you download the resulting file via a web link. In this
case, the compressed file was 74MB in size. | saved this file into a folder called WBD
= (D) Exz

= () WED

] heydrologic_units

And when unzipped, this creates a folder called hydrologic_units, whose contents look
like:

g
X

* Phona




[Z] gqway_1028025_01_WEDHU1Z §KE Text Dacument

& | whd_state_metadata 14 KB  HTML Document
IE’l whddoc_readme SkKE Text Document
E-IJI.-~.l|:u:||:||:u:_user_guiu:ha ZO0KE  Microsoft Office Wa..,
% whdhu1z_a_tx 2625 KE CEF File
whdhulZz_a_tx.pri 1KE PRI File
whdhul2_a_tx.sbn FOKE SEN File
whdhulZ_a_bx.shx SKE 5BY File
whdhulz_a_tx.shp 63,265 KB SHP File
whdhu1Z_a_tx.shx SEKE SHY File

= whdhu1z_|_tx 543KE DEF File
whdhu1Z_|_bx.pri 1KE PRIFie
whdhulZz_|_tx.sbn Zz4 KB SEBM File
whdhu12 | b shx 17KB  SBY File
whdhulZ_|_tx.shp 36,202 KB SHP File
whdhulZ_|_Ex.shx 178 KE SHX File

These are shape files for the 12 Digit Watershed Boundary Dataset for Texas.

Procedure for the Assignment

Logon to the computer of your choice and make a directory in your workspace for this
exercise. The needed files can be downloaded as
http://www.ce.utexas.edu/prof/maidment/giswr2011/Ex2/Ex2Data.zip ~ This file is
156MB and the total file space used for this exercise is a little more than 1GB. Use
Windows Explorer to create a folder called Ex2, and within this location Unzip the file to
get the following Data folder:

I Ex2

Sl=] ot |
Containing:
|[ChHvydrography File Folder
|[ChHydrologiclUnits File Folder
Edwards.dbf 4KE DEBF File
Edwards.pri 1KB PRI File
Edwards.sbn 1KE SBN File
Edwards.sbx 1KE SBX File
Edwards.shp S67KB SHP File
‘Z| Edwards.shp.xml 15KE XML Document
Edwards.shx 1KE SHYX File
flowlineattributesfiow. dbf 16,504KB  CEF File

In the HydrologicUnits directory that normally comes with the NHD file download, 1
have changed the content and replaced the NHD Catchments with the Watershed
Boundary Dataset 12-digit watersheds.


http://www.ce.utexas.edu/prof/maidment/giswr2011/Ex2/Ex2Data.zip

Creating a Geodatabase

What we are going to do first is to create a geodatabase to store the information for this
exercise and the information products that we create in it. Before we get started,
however, let’s use Windows Explorer to create a folder called Soln beside the Data
folder.

=0k

I Data
I saln

In order to create and work with information in this folder, we are going to use
ArcCatalog, which is like a Windows Explorer application for ArcGIS that helps you to
manage files.

From the B menu on the PC, go to ArcGIS and then select ArcCatalogl10

License Manager (9.x) #

Enterprise Architect 7.1 » e ArcGIS Explorer
FileZilla FTP Client » ArcGIS Desktop Help ¢

Games 3 Desktop Toals k
Google Earth 3 Python 2.6 3

Google Updater 3 ‘-:‘T ArcCatalog 10

HEC r

B ArcGIS Administrator

Microsoft \MET Framewark SDK w20 # @ ArcGlobe 10
Microsoft Forefront 3 Q ArcMap 10
Microsoft Office 3 @ ArcScene 10

In ArcGIS 10, you have to create a formal pointer to the folders that you want to work
with, so let’s do that by clicking on the Connect to Folder icon

s g ArcCatalog - Arclnfo - C:\giswr10

File Edit WVew Go Geoprocessing Customize
& Ea @e x BEER QB

Locatiol ~onnect To Fu:ulu:lerh
=0y [T =L
EEsiE.

= E3 Folder Connections
£ C:lgiswr 10

e —

And in the resulting dialog box, connect to the Ex2 folder



Connect to Folder

Choose the folder to which you want to connect:

I ESRI_keycode
I flexim
|53 GISHydrooa
I5) GISHydroog
|5) GISHydro10
I GISWROE
|50 giswris
= 25 giswr1a
=0
I3 Data
=) soln

(>

[ £

Folder: | C:\giswr10'Ex2 |

[ Make Mew Folder ] [ QK l [ Cancel ]

And once you’ve done this you’ll find a new folder connection to work with:

Cortents | Preview || Desu:riptinn|

= E3 Folder Connections

M T
£ C:\giswr10 22 ype
S} C: \giswr 101Ex2 Edpata Folder
Ei] D:3939 - David Maidment E50in Folder

Create a new file geodatabase by right clicking the Soln directory and selecting
New/File Geodatabase and name it SanMarcos. It will automatically be assigned the
extension .gdb to indicate that it is a geodatabase.



Contents | Preview | Dt

Marme

= EH Folder Connections
£ Cilgizwr 10
= £ Ci\giswr 10Ex2

£ Data
=
& s\ [ copy ctl4C
£ vi\g| [
[+ Tu:u:ull:n:ux % | Delete
E@ Databa
Eﬁ Databa Rename F2
3 c15 ser| o Refresh

I+

| MNew k |

P Properties...

Folder

File Geodatabase

=l U ] (O

Personal Geodatabase

Spatial Database Connection...

ArcGIS Server Connection...

Right click on the new SanMarcos geodatabase and select New/Feature Dataset.

£ C:\giswr10\Ex2

B pata
= £ soln
3

57 D:\3989 - Dy 2H oDV Ctrl+C

£ v:\giswr2010] [

Toolboxes % Delete

Database Servers - =

Database Conneq =nams

GIS Servers w~ Refresh
Hew ¢ "]ﬁ Feature Dataset. ..
Import > D Feature Class...
Export 3 Table...
Compress File Geodatabase. .. % Relationship Class. ..

Name the new feature dataset Basemap, and hit Next to set the projection and map
extent.

New Feature Dataset

MName: | Basemap| |

Select Import from the choices in the menu displayed.
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New Feature Dataset

Choose the coordinate system that will be used for XY coordinates in this data.

Geographic coordinate systems use latitude and longitude coordinates on a spherical model
of the earth's surface. Projected coordinate systems use a mathematical conversion to
transform latitude and longitude coordinates to a two-dimensional linear system.

Mame: | |

Geographic Coordinate Systems
5] Projected Coordinate Systems
@ <Unknown = Mew -

We will import the coordinate system, so select Import and then navigate to the
NHDPIus data that was just downloaded. Select the nhdflowline shapefile.

Browse for Coordinate System

Look in: |EHyergraphy V| & |- 25| B G

E|MHDArea.shp

|~ NHDLine.shp
"-*INHDPaint.shp
=] MHDWaterbody. shp

Mame: | nhdflowline, shp | [ Add l

Show of type: |Geugraphic datasets V| [ Cancel ]

Hit Add to select this horizontal coordinate system. Hit Next and leave the Vertical
Coordinate system set at None.

11



New Feature Dataset

Choose the coordinate system that will be used for 7 coordinates in this data.

Vertical coordinate systems define the aorigin and linear unit of z coordinates. They also
define the positive direction of values in order to model heights or depths.

Mame: | <Mone > |

g Vertical Coordinate Systems

Hit Next and leave the default XY Tolerances as they are, then hit Finish to complete
the specification of the spatial reference of the feature dataset. If you right click on the
resulting Basemap feature dataset and open Properties, and tab to XY Coordinate
System, you’ll see the coordinate system is GCS_North_America_1983. This means
that the coordinate system is in geographic coordinates using the North American Datum
of 1983. You’ll learn about the delights of this marvelous coordinate system in our next
class!

Feature Dataset Properties

Gereral | XY Coordinate System |ZC|:n:|rdinate System | Tolerance | Resolution || Domain

Name: | GCS_Morth_American_1983 |

Details:

Angular Unit: Degree (0.017453292519943299)
Prime Meridian: Greenwich (0, 000000000000000000)
Datum: D_Maorth_American_19583
Spheroid: GRS_1980
Semimajor Axis: 6378137.000000000000000000
Semiminor Axis: 6356752, 314140356100000000
Inverse Flattening: 298, 25722210 1000020000

What we’ve done in ArcCatalog is to create a receptacle for the datasets for the San
Marcos basin that we are now going to compile.

Displaying Streams and Watersheds

12



Open ArcMap, either by using the same process as you used before to open ArcCatalog
from the Start menu, or directly from within ArcCatalog by hitting the ArcMap symbol
button. Close ArcCatalog since we won’t be using it again for a while.

T ArcCatalog - Arclnfo - C:\giswr 10\Ex2\Soln\SanMarcos.gdb\Base

File Edit Wiew Go Geoprocessing Customize Windows Help

& | 24| B B x | 88 EEE 20 Q) B B @ F| e v?

Location: |C:"-—giswr1 0B Soln™San Man:n:ns.gdl:n"-Bas
) =L
£ Iﬁ BET =

% ArcMap - Getting Started

Hit Cancel on the window within the ArcMap display and

use the button in the ArcMap menu bar to add some data. Use the up arrow
&

navigate to the Data folder for this purpose.

Add Data B3
Lock in: |E|Data v| MR EE By Bl @
ESHydrography

EHydrologicUnits

E|Edwards. shp
= =l flowlineattributesflow. dbf

Mame: | | | [ Add ]

Show of type: |Datasets and Layers V| [ Cancel ]

We will first add the subbasin and flowlines layers. The NHDflowline.shp shapefile is
located in the Hydrography folder and the wbdhul2_a_tx.shp shapefile is located in
HydrologicUnits folder. Please note that in this HydrologicUnits folder I have
substituted the Watershed Boundary Dataset HUC12 watersheds (wbdhul2_a tx) for the
normal HUC8 watershed files that come with the NHDPIlus dataset. NHDPIus is being
updated to include the HUC12 watersheds but that work is not complete yet.

13



Add Data E3
Loak in: |EHyergraphy V| 1, @ 2 E' s e @F

El|MHDArea.shp

| =] MHOLine.shp
I".*|NHDPoint. shp
@NHDWaterbndy.shp

MName: | nhdflowline.shp | [ Add J
Show of type: |Da135ets and Layers . | [ Eae ]
Add Data |i|

Look in: |E| Hydrologiclnits V| @ E- BB

\=| gway_1028025_01_WBEDHU12, txt
D whbddoc_readme. txt

|*=lwbdhu12 | tx.shp

Name: [ wbdhu12_a_tx.shp e

Show of type: |Da135ets and Layers V| [ Cancel ]

You might get a map that shows up as below with arbitrarily selected colors for the
watersheds and streams.

14
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= B C:\giswr 10'Ex2\Data'Hydro
=
0 [ Copy

X FRemove

E Open Attribute Table

Joins and Relates 3

T_LP Zoom To Layer |

And you’ll see a nice new map with green watersheds and blue rivers and streams. All is
right in the world!!

Untitled - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Geoprocessing Customize ‘Windows  Help
Ot sk HRx =9 b |[187312 vl EGEBC de a2
QM@ il &= FW-0 x| @ 7B |5 M58 OE .
B x
= = Layers
= 3 c:'\giswr 10\Ex2\Data'Hydro
=] nhdflowline
= 3 C:\giswr 10Ex2\Data \Hydro
=] whdhul2_a_tx
(]
z3 Eje & a g
-107.238 36.86

You can see the watersheds that are roughly in the outline of Texas and the NHD stream
network that covers Water Resource region 12. As you move the pointer around the map
display you’ll see the location in decimal degrees shown in the lower right hand corner of

16



ArcMap. The map extent of a data set is the combination of two pairs of coordinates, one
on the lower left and the other on the upper right of the map that measure, respectively,
the West, South, East and North extents of the map information.

Use File/Save As to save the ArcMap document as Ex2.mxd (to save your own
customized colors).

To Be Turned In: Screen capture the resulting map display and include it in your
solution. What is the map extent in decimal degrees of these data?

Selecting the Watersheds in the San Marcos Basin

The HUC12 Watershed, and NHDflowlines feature classes cover a large region and we
only want to work in the San Marcos Basin. We'll use ArcMap to identify the San Marcos
SubBasin and to create new feature classes using pertinent portions of the feature classes
for Region 12.

(1) Turn off the nhdflowline theme in the display, and open the attribute table for the
HUC12 watersheds by right clicking on its feature class name (wbdhul2_a_ tx):

= E3 C:\giswr 10\Ex2\Data'Hydro
=

] 3 copy

¥ Remove

| open Attribute Table |

You’ll see a display that looks like this. We want all the HUC12 subwatersheds that lie
within the San Marcos subbasin, which has a HUC8 value of [HUC_8 = 12100203].

ERAR-RRNL N L RIS
whbdhul2_a_tx x
| FID | Shape* | HUC_& | HUC_10 HUC 12 ACRES | HCONTI »
b 0|Polygon  [11140102 (1114010201 [111401020104 | 23120
- 1|Polygon  [11140102 [1114010201 [111401020105 | 18880
| 2|Polygon  [11080201 1109020107 [110902010702 | 13281
B 3|Polygon  [11080201 (1108020106 (110902010605 | 23042
B 4|Polygon  [11080201 (1108020107 (110802010704 | 28714
B 5 |Polygon  [11080201 (1108020107 (110802010708 | 35389
| |  &|Polygon  [11080201 1109020106 |110902010608 | 31004
B 7|Polygon  [11080201 (1108020107 (110802010705 | 25835
g|Polvgon  [11080201 (1108020105 (110802010507 | 32118 hd
L4 >
M4 1 K E (0 out of 7410 Selected)
whdhul2_a_tx
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At the top left corner of the Table, click on the Select by Attributes tool

L B[RO x

|select By Attributes L

Click on “HUCS”, “=", Get Unique Values and then type 12100203 in the Go To box,
double click on the resulting ‘12100203’ to form the expression

"HUC_8" ="12100203'

In the selection window. Be careful about how you do this since the form of the
expression is important. Click Apply and Close the Select by Attributes window.

Select by Attributes

Enter a WHERE clause to select records in the table window.

Method © | Create a new selection V|
"FID" al
"HUC_&" =
"HUC_10" B
"HUC_12"

"ACRES"

MNCONTRB_A o
(=] (] (o) [ 1250000 »
| > |[2=][And] | 12100007

12100102
[ < ] [ ¢ = ] [ Or ] 12100201 I
= 12100202
6 [0 [het) | 32020223 v
Get Unigue Malues | Go Te:

SELECT * FROM whdhu12_a_t« WHERE:
"HUC_8" = "12100203

Clear ][ Verify ][ Help ][ Load... ][ Save... ]

[ Apphy l [ Close ]

Once you’ve executed this query, you’ll see that 32 HUC12 subwatersheds are selected,
and if you hit the “Selected” button at the bottom of the Table, you’ll see the selected
records, and also their highlighted images in the map.
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- B gy O x 00 x
whdhul2_a_tx

FID | Shape® | HUC_& | HuC_10 HUC_12 | ACF
»| 854|Polygon  |12100203 |1210020304 |121002030406
1858 Polygen | 12100203 1210020305 121002030504
1942 Polygon | 12100203 | 1210020305 |121002030503
1960 |Polygon | 12100203 | 1210020304 | 121002030410
1965 Polygen | 12100203 1210020305 121002030501
1988 |Polygon | 12100203 | 1210020304 121002030408 | 11
2024 |Polygon | 12100203 |1210020303 121002030307 | 17
2025 Polygon | 12100203 |1210020305 121002030502 | 31
2049 Polygon | 12100203 [1210020303 121002030306 | 34
AT F‘nh.rnnnl AN 120020303 112 002030305 17
<

4« i ok %. (32 out of 7410 Selected)

whdhul2_a_tx | Show selected records

BINIEE 2

If you hit the Zoom to Select button in the table, you can see the selected features up
close. You can use the map navigation tools in the ArcMap toolbar to move you map

around and resize it. | ARNO Pretty cool!!
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vy - il i Ith It o

Tab'e—'g'
Iu % %& Ex |_‘_||_|_|+_-|x
whdhu12_a_tx [Zoom To Selected) -

1588 | Polygon 12100203 1210020304 | 121002030403 11095
2024 |Polygon 12100203 1210020303 | 121002030307 17548
2025 | Polygon 12100203 1210020305 | 121002030502 31303
2045 | Polygon 12100203 1210020303 121002030306 34527

| 2071 | Pnbeninn 121900203 1120020303 1121002030305 17845 =
< | >

c\*ﬁ =SSR

oA 1 > i B[E] 2outof 7410 selected)
whbdhul2_a_tx
J w”f‘“"’f?””

4

J‘J’*\ (9}

i Sha HUC_& HUC_10 HUC_12 ACRES NCOH'A

” é W‘ >| = PuIygul::le |12100203I1210020304 [121002030406 | 31225

f f 1858 | Polygon 12100203 1210020305 |121002030504 36726

1942 | Polygon 12100203 | 1210020305 |121002030503 32568 n

1860 | Polygon 12100203 |1210020304 (121002030410 22111
‘ ﬁ 1965 | Polygon 12100203 1210020305 |121002030501 35224
W ﬁ
2 ”‘%@A
Z“\/@W
l@ -f
~ Eﬁ q.

(2) Make sure that Arc Catalog is closed or the next steps may not work. In ArcMap,
Right Click on the watersheds layer (wbdhul2_a tx) and select Data/Export Data
to produce a new theme. If you get a message saying you can’t do this, it means that

you haven’t shut down Arc Catalog before trying the data export. Close Arc Catalog

and repeat the export steps if this happens
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o s
£ C:\gizwr 10'Ex2\Data \Hydro WM??%%\E{ 1858 | Polygon
= W 1942 | Polygon
] @ Copy 1960 Pohrgon
Remove 1965 | Pohygon
1985 Pohrgon
E Open Attribute Table : 2024 | Polygon
Joins and Relates » 2025 |Polygon
| 2045 | Pohygon
iy Zoom Tolayer 2071 | Pnheann
|
Visible Scale Range 3 d 1)

Ise Symbol Levels

Selection 3 JW@F

4 _
Label Features ‘\l_“g . S
Edit Features 3 { h'

“»g Convert Features to Graphics... f\\ﬁj:
Convert Symbology to Representation. .. ]1 L\'}/W
I P
Data 3
‘.: * Save As Layer File. .. |'i:,+’ Export Data. .. |

Be sure to navigate to where you established the SanMarcos geodatabase earlier and
don’t just accept the default geodatabase presented to you, which is somewhere deep
in the file system that you may never find again! Browse inside your geodatabase to
the Basemap Feature dataset (you’ll have to change the Save as Type to File and
Personal Geodatabase feature classes first), name this new feature class as
Watershed and save it in the geodatabase as a File and Personal Geodatabase
feature class.

21



Saving Data E'
Loak in: |'ﬁ|Easemap V| 1 £I\J’ W) ?' eh Bl Q’

Mame: | Watershed| | [ Save ]

Save as type: |Fi|E and Personal Geodatabase feature dasses v | [ Cancel ]

You will be prompted to whether add this theme to the Map, click Yes. In ArcMap, Use
Selection/Clear Selected Features to clear the selection you just made.

. | Selection | Geoprocessing — Customize

Select By Attributes...

Select By Location. ..

Zoom To Selected Features
Pan To Selected Features
Statistics. ..

Bl B fa Oy gf

Clear Selected Features

Interactive Selection Method 3

Selection Options. ..

PO B O Ol o N . I

And then Zoom to Layer to focus in on your selected Watersheds. You can click off the
little check mark by the nhdflowlines layer so that you just see the watersheds displayed.

= B3 C:\giswr 10'\Ex2\Data‘Hydro
= O nhdflowline
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Lets make our basin a bit more interesting. Right click on the Watersheds feature class,
and select Properties/Symbology. Use HUC-10 as the Value Field, hit Add All Values to
give each HUC-10 watershed a different color. Hit Apply to get this color scheme
applied to the map.

Layer Properties

D |-

| General I Source | Selection | Displa'_.r| Symbology | Fields | Defintion Gueny | Labels I Joins & Helatesl Time | HTML F‘upup|

Show:
Feat Draw categories using unigue values of one field.
Categories Walue Field Color Ramp
Inique values HUC_ 10 - -

Inique values, many
i Match to symbals in a

Ouantities Symbol  Value Label Courit
Charts :l <all other values: <all other values: 1]
Multiple Attributes <Heading> HUC_10 32
121002030 121002030 5
1210020302 1210020302 5
1210020303 1210020303 8
V) T F 1210020304 1210020304 10
1210020305 1210020305 4
Add All Values ] [Md Values... Remove Remove Al ] [ Advanced -
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Lets focus on the Watersheds feature class by turning off the display of the other feature
classes. Click on the little symbol to the left of the feature class name in the Table of
Contents area and make wbdhul2_a tx and nhdflowline not Not Visible.

=] Mot Visible
e whdhul?_a e [

And you’ll get this nicely colored map of the watersheds and subwatersheds of the San
Marcos basin.

Table Of Contents o x
% B[G|8| =
=] Visible
*J‘}" Watershed [d
[ «all other values=
HUC 10
11210020301
11210020302
(11210020303
11210020304
(11210020305

=] Mot Visible

F2 nhdflowline [Ed
& wbhdhul?_a_t Ed

i

Notice that the 32 HUC-12 subwatersheds have been grouped into five watersheds within
the San Marcos subbasin (I am here using the Watershed Boundary Set nomenclature to
refer to the drainage area hierarchy in its formal sense).

Highlight the Watershed feature class in the Table of Contents, and go up near the top of
the San Marcos Basin, select the Identify tool, and click on one of the HUC-12
subwatersheds. You’ll see its attributes pop up. Notice how the hierarchy of numbers for
the HUC_8, HUC 10, and HUC 12 attributes.
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-EIR([@]F @R TR

Identify

Identify from: <Top-most layer=

= Watershed
. Upper Blanco River

Location: -98,378994 30.011192 Decmal Dearees

Field Value
QOBIECTID 22

Shape Paolyaon
HUC_8 12100203
HUC_10 1210020301
HUC_12 121002030104

Use File/Save to save your Ex2.mxd map file with the new information that you’ve
created.

Creating a San Marcos Basin Boundary

It is useful to have a single polygon that is the outline of the San Marcos Basin. Click on

the Search l% button in ArcMap and within the Search box that opens up on the right
hand side of the ArcMap display, click on Tools and then type Dissolve. You will see
the autocomplete tool gives you several options and select dissolve (data management)
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arch =
= % = | 3 |L|:n:al Search v|

L
m

ALL Maps Data Tools

|dissul'u'e (data management) Q

Search returned 2 items. Help

*“\% Dissolve (Data Management)
Aggregates features based on specified at...
toolboxes\system toolboxes\data manag...

“‘x% Unsplit Line {Data Management)
Merges lines that have coincident endpoint...
toolboxes\system toolboxes'data manaag...

“«% Eliminate (Data Management)
Eliminates polygons by merging them with...
toolboxeshsystem toolboxes'data manaag...

You’ll see a Dissolve tool window appear. You can drag and drop the Watershed
feature class from the Table of Contents into the Input Features area of this window.
Navigate to the BaseMap feature dataset and type Basin as the name of your Output
Feature Class. Click on HUC_8 as your Dissolve_Field. This means that all
Watersheds with the same HUC8 number (12100203) will be merged together. Hit Ok to

execute the function.

&~

Search

LI |@ _ @ Local 5earch

ALL Maps Data Tools

Idissnlue (data management)

CGISWR 2011\ Ex 2150in\5anMarcos. gdb\Basemap\Basin

Table Of Contents o x
% 898
=] Wisible
@Watershed B %
[1<all other values=
HUC_10 #., Dissolve
[11210020301
[11210020302 Input Features
11210020303 | Watershed
11210020304 Output Feature Class
(11210020305
=] Mot Visible Dissolve_Field(s) (optional)
& nhdflowline & SE[J:E‘;”D
dy whdhul2_a_tx ] [ Huc. 10
] HUC_12
[] AcrEs

There’ll be no apparent activity for a while and then you’ll see the Basin feature
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Lets alter the map display to make the Basin layer just an outline. Click on the Symbol
Basin

for the Basin layer I and select Hollow for the shape, Green for the Outline
Color and 2 for the Outline Width.

Symbol Selector

= | Current Symbaol

)

2]

[m]|m]

[=]|m]
4

Search: (%) all styles (") Referenced Styles

ESRI

Green Blue Sun Fill Calar: G

Cutline Width:
Cutline Color: E
Hollow Lake Fose

And you’ll get a very nice looking map of the San Marcos Basin with its constituent
subdrainage areas.

=] Visible
@" Basin
c
@0 Watershed [d
[J=all other values=
HUC_10
1210020301
(11210020302
(11210020303
1210020304
(11210020305

=] Mot Visible
&% nhdflowline Ed
o whdhul2_a tx Ed

E
e

r

Click on the Catalog window in ArcMap and navigate to your newly created Basemap
feature dataset. Notice how you’ve now got the Watershed and Basin feature classes
that you’ve just created stored inside it.
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Windows

EEE D 32

. E Catalog window i

Help

£

&
‘aa
]
¥

U

e et @ E-lael e

Location: 7] Home - GISWR20111Ex2

EL:] Hore - GiswR2011\E2|
E3 Data
= B3 Seln
= ¥ SanMarcos
= [2H Basemap
@ Basin
@ Watershed

Q] Ex2

Resave your ArcMap file Ex2.m

xd.

To be turned in: A screen capture of the San Marcos basin with its HUC-10 and HUC-12

watersheds and subwatersheds.

Selecting the San Marcos F

lowlines

Click on the symbol to the left of nhdflowline in the Table of Contents to make the

flowlines visible again.

& whdhul2 a tx

!hg‘é)mg 7 x i ﬁ‘b T N '—;‘_'_.. W N ~

=] Visible i s 7

% nhdflowline i ,#ﬂ\ﬂﬁ‘ﬁk‘ % o ‘w N
: P,
S AT A N
(11210020301 ' ? %mﬁiﬁmﬁ
11210020302 Q‘&#,%M??
[]1210020303 : 7\?‘5".-3’
e (P

=] Not Visible 4 \‘%k

A

Vi

" sl .
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Now we can create a layer with just the flowlines in the San Marcos Basin. In ArcMap,
use Select/Select by Location to select the features from nhdflowline as the Target
Layer and Basin as the Source Layer, and use the Spatial Selection Method “Target
layer(s) features are within the Source layer feature”. This selects all the streams in the
San Marcos Basin.

% Ex2.mxd - ArcMap - Arcinfo

File Edit View Bookmarks Insert | Selection | Geoprocessing Customize

Ot E & L [F [ x| 9|8 seectsyattibutes...

(_1 ‘5':“] 0 Wk A |% Select By Location. .. |
AR K

Table Of Contents o x g X
%.[3]2 K| = i
Select By Location S — L[| omize Windows Help
Select features from ane or more target layvers based an their location in I '.\.“.f m % 3 5:": ¥ =
relation to the features in the source layer. @
(=] =¥ @ =

Selection method: E ‘b‘\ T
[select features from v]
Target layer(s):

nhdflowline

[ Basin

O watershed

O whdhul?_a_tx

[] only show selectable layers in this list

Source layer:
I"@“ Basin
Uze selected features {0 features selected) g
Spatial selection method: m ) @,{
Target layer(s) features are within the Source layer feature - T E% e PRl -S"“x " am i Zf

[l

Right click on the nhdflowlines feature class and select Data/Export Data

Data » |

"\:J Save As Layer File... |{+‘-’ Export Data...
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Save the selected features as Flowline in the BaseMap feature dataset and add it as a
layer to the map. Remove the old nhdflowline and wbdhucl12_a_tx themes from your
map display by right clicking on the Layer name and selecting Remove.

= = Layers ’\H»;"?f" }—2}{%
= Ngiswr w2\Da dro
ppi el =0 i | ST R R

— @ Copy

=2 C:\giswr 10 | X Remove |
—_— =

Right click on the Watershed feature class and under Properties/Symbology, assign a
Single Symbol for the features and select that Symbol to be Hollow

L |-t

Layer Properties

| General I Source | Selection | Displa'_.r| Symbology | Fields | Definition Gluery | Labels | Joins & Helatesl Time | HTML F‘upup|

Show:
Draw all features using the same symbol

ngues
- Single symbaol
Categories
s
Ad d -
< vance
Multiple Attributes

Symbaol

Legend

Label appearing next to the symbol in table of contents:

If necessary, change your symbology so that your flowlines are colored in blue. We want
to have our streams looking liking real map streams!

Now you’ve got a map where you can see your flowlines within the areas they drain.
Very nice!
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rEExZ.mmd - ArcMap - Arclnfo
—

:Eg

Eile Edit View Boockmarks Insert 5election Geoprocessing Customize Windows Help

S EEE B 32

ORES L EHR x| o & 11114477
BREQMQ@illes | E-O 8@ BaMDR
Table Of Contents 1 x
% 0[S|8 | =
=] Visible
&% Flowline H =
¥ Basin 5 =
(|
& Watershed B 2
[
[@eE| & <

m

-98.642 30.306 Decimnal Degrees

Lets add a basemap to give this data a sense of spatial context.

Selection  Geoprocessing

Customize W

| 1114477

A 2| E

& Add Data...

]

“|E5  Add Basemap...

HH Add Data From ArcGIS Online...

Choose the Topographic Base Map from the ones offered:

Terrain
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Don’t worry about warning messages about changes in coordinate systems that you may
see here.

€. Ex2.mxd - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DS L HBx 9 o b [1se7 v EG B S a2
QNG 35l e W-0 8O /B L MDR TR,
Table Of Contents e Blanco County “ Ne

’:;Zg'} \E/l é] \ )}("‘

e County

AN

== Layers Mravis County

Y.
- [ o
= L3 C:\giswr10\Ex2\Soln\SanMa d AU$TIN ) )
= [ Basemap \ . 2 /
= Flowline \ T | f
= Basin
O
= Watershed
[
@ Topoagraphic

Hastro

4 @l Canyon
) [ A Lake
\\ |
\
| Soeitie Comal County
\ Bulverde /
“» ’ ,
N\ Timberwood
\ Park Bray
Bexar \ -
tounty \ p ; it Segain.
— J ’ . McQueeney .~ -
: / e
{ ”~ \
\ i ’
G :
\\» 5';"] “ . ¥ p—
i‘pn‘()lli?'l’k 7 ‘? Gonzales County
. \ '/; . ’/
o \ -1 "

o o e

|
v

-98.17 30.427 Decimal Dt
i

That looks very cool!! You can see where the San Marcos basin lies in between Austin
and San Antonio.

Save the Ex2.mxd file again.

Now let’s look at some summary statistics of the flowlines. Open the Attribute table
Right click on the LengthKm field and select Statistics
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OBJECTID = | Shape * | COMID | FDATE | RESOLUTION GNIS_ID GNIS_NAME
u 1 |Pohyline ZK 1628079 | &M1/2004 |Medium 01334978 |Ea=t Prong Big Creek
u 2 | Polyline ZM 1628081 |8M1/2004 |Medium 01345785 [West Prong Big Creek
u 3 | Polyline ZM 1628083 | 8M/2004 |Medium
u 4 | Polyline ZM 1628085 | 8M/2004 |Medium
u 5 [Polvline ZK 1628087 |&M1/2004 |Medium 01330964 |Boardhouze Creek
u & | Polyline ZM 1628080 | 8M1/2004 |Medium
u 7 | Polyline ZM 1628091 |8M1/2004 |Medium
u 2 | Polyline ZM 1628093 | 8M1/2004 |Medium 01341343 |Meier Creek
u 5 | Polyline ZM 1628095 | 8M1/2004 |Medium

AN | Dnhelina 7R ARTFRNGT | 2M NN Eedinm AT HRETE Rlanmn Onror

Statistics of Flowline

Sort Asc

Sort Des

Advance

SuMMari;

¥ Statistics

Field Cal

Calculate

Field

| i b | Frequency Distribution

Statistics:

Count: 585

Mirimum: 0.001
Madimum: 17 805 100
Sum: 1888.375
Mean: 3402485
Standard Deviation: 3.038136 50

150

0o 24 49 73 97 121 146 17.0

From this display, you can see the statistics of the LengthKm of the Flowlines. There are
555 flowlines whose average length is 3.40 km and the total length is 1888 km. You can
do the same query on the Acres attribute of the Watershed feature class to get watershed
areas. (1 acre = 0.0040469 km?).

To be turned in: How many HUC12 subwatersheds are there in the San Marcos Basin?
What is their average area in acres and in km*? What is the total area of this basin in

km?? What is the ratio of the length of the streamlines to the area of the HUC12
subwatersheds (called the drainage density) in km™?

Adding Attributes to the Flowlines

Now we will use the flowline attributes table to symbolize the flowlines based on their
mean annual flow. Add the table flowlineattributesflow.dbf to your ArcMap display.
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% Ex2.mxd - ArcMap - Arclnfo

File Edit WView Bookmarks Insert Selecion Geoprocessing Cust
DE?H% "Ea|"ﬂ%)( ) d}v|1:ﬂ45.3??
RAMEQ ki€ -0 k@ 7B

Table Of Contents 1 x .
= - ata
%:[8]G 8 |

= = Layers © Lodlookin: | Data
=2 Cih\giswr 10Ex 2'Soln\SanMa EHydrography
= ﬁ Basemap = o
: HydrologicUnits
= El|Edwards.shp
o EE flowlineattributesflow. dbf)
=1 #l Dmeiem

Lets zoom into our Flowlines and use the Inquiry button @ in the Tools menu to see
the attributes of one of them. You’ll see there is a number called the COMID that
uniquely identifies each flowline feature in the NHD. In this case, COMID = 1628231.
This is an arbitrary integer that describes one stream segment in the NHD. You’ll also
see the ReachCode = 12100203000200 in this case. This means that this is segment 200
within HUC8 Subbasin = 12100203. You’ll also see reference here to GNIS, which is
the Geographic Names Information System, the official set of names for things in the

United States. We have systems for everything!
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& Ex2.mxd - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Des @S| 68 x| o b [11352 v EBEE RO P2
QEANQ 25 = K- T K [@] [ Ncl-"
Table Of Contents 2 x :

Identify

%[Ols 8 H

= =/ Layers Identify from: |  <Top-most layer>
= 3 C:\giswr10\Ex2\Soln\SanMa "3 Flowline
= %l Basemap Kentucky Branch
=] Flowline
e |
= Basin
O
= Watershed jen
O Location: -98,358145 30.022357 Decimal Degrees “"'
= E3 c:\giswr10\Ex2\Data
B flowlineattributesflow Field Value
@ @ Topographic OBECTID 77
i Shape Polyline ZM
COMID 1628231
FDATE 8/1/2004
RESOLUTION  Medium
GNIS_ID 01333043
g GNIS_NAME Kentucky Branch
> LENGTHKM 5.148
’ REACHCODE 12100203000200
FLOWDIR With Digitized
e WBAREACOMI -9999
FTYPE StreamRiver
# FCODE 46003
4 SHAPE_LENG 0.051347
it ENABLED T
o Shape_Length 0.051347

If you open the Attributes table of FlowLineAttributesFlow.dbf, you’ll see that it also has
a COMID field and lots of tabular attributes that tell you more about the properties of the
flowline. We’ll use COMID as a key field to link the two attribute tables and transfer
mean annual flow attributes to the Flowline feature class. Just for fun, I’ve use the
“Select by Attributes” tool in the Table to select the record in the
FlowLineAttributesFlow.dbf table that tells us more about this particular stream with
‘COMID’ = 1628231. It has a Mean Annual Flow of (MAFLOWU) of 3.82 cfs, a
corresponding flow velocity of 0.95 ft/s. These are very useful data for water flow
computations.
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flowlineattributesflow

DII.'!| CDHID' GRID_CODE | CUMDRAINAG | MAFLOWU| MAFLOWW| MAVELU | MAVELY | INCRFLOWU | MAXELEVRAW| MIN

I

19317| 1628227 2135017 £66.5652 | 153.85034
19318| 1628228 2135018 1776960 41.01434
19318| 1628231 2135019 165744 3.8255%5
19320/ 1628233 2135020 37566 8.ET0E3
19321/ 1628235 2135021 10.4877| 2.42087
19322| 1628237 2135022 391887 9.04517

1 1 b M E {1 out of 66793 Selected)

G2.8423
30.73757
55955
5955
5955
5955

1.51407
1.25784
0.95134
1.01588
0.91455
1.11553

1.48574
1.23582
55955
5955
5955
5955

2.857514
11.597685
3.82555
1.25403
242087
0.37453

55958
55958
411.28
55958
487.65
55958

Hflowlineatiributesfow

Notice that there are 66,793 records in the flowlineattributesflow table. This
corresponds to the attributes for all the blue lines streams in the water resource region 12
in Texas, and that is a lot more than what we need to describe flow just in the San Marcos
basin. What we’d like to do is to transfer the information about Mean Annual Flows

from the FlowLineAttributesFlow table to the Flowline feature class just for those

flowline features within the San Marcos basin.

Open the attribute table for the feature class Flowline and select Table Options/Add
Field. You should have Arc Catalog closed while you are doing this or it may not work.

fable |
ENENETEEE

| %

i
iy
[

Find & Replace...

Switch Selection
Select all

B select By Attributes. ..

Add Field...

Turn All Fields On

Show Field Aliases

Name the field Mean_Annual_Flow and make it of the type Double.
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Add Field

Name: | Mean_Annual_Flow |

Tee: [ - |

Field Properties

Aliaz
Allow HULL Values Yes
Default Value

I oK ][ Cancel ]

This creates a new field at the right hand end of the attributes table that has <null entries>
in it for the moment. Notice that there are 555 features in the flowline feature class.

Table . o
Flowline ®
FCODE | SHAPE_LENG | ENABLED | Shape Length Mean_Annual_Flow .
b 48003 0.045141 [T 0.046141 | <Null= B
45003 0.044525 | T 0.0445825 | =Null=
45003 0008707 | T 0.008707 | <Null=
45003 0020109 | T 0.020109 | <Nulk=
A NN n nd4o27cC L n n4d4do7Cc whlalle 7
Ll [ 1] | ¥
T 1 % b E (0 out of 555 Selected)
Flowline

Now we will join the Flowline layer with the flowlineattributesflow table based on
COMID. Right click on the Flowline layer and select Joins and Relates/Join.
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T T > o

Copy
= Basin| 3 Remove
(| . -
= iate E Open Attribute Table 1 /
| Joins and Relates + m Join...
C:\giswr 101E € ZoomToLayer Remove Join(s) C
E flowlineal
Topographic (22l
Visible Scale Range » Remove Relate(s) b

Select the COMID field and the flowlineattributesflow table as the one you are going to
join to

Join Data

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

|J|:-in attributes from a table W |

1. Choose the field in this layer that the join will be based on:
fcovm v |

2. Choose the table to join to this layer, or load the table from disk:

| flowlineattributesfiow j ﬂ

Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

| coMID v|

Join Options

Say no to creating an index.

Now when you open the Flowline attribute table, at the right hand end of the table, you
will find the information contained in the flowlineattributesflow table has been joined to
the existing features. Scroll over to the column labeled

flowlineattributesflow. MAFLOWU. This field contains the Mean Annual Flow for each
reach. It is estimated by averaging the mean annual runoff over the drainage area above
this reach. If you look at your COMID’s and several rows look the same, it is because
your display width for the field is not wide enough to display all the integers in the
COMID. Drag the dividing line to the right of the field header COMID to the right and
you’ll see unique COMID values. All is well! Notice that in this joined table, we’ve
only got 555 records with flow values in them, not the 66, 793 values we had earlier.
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{ \'\
~ T J 9 | 8
Flowline x
Shape_Length Mean_Annual_Flow OlD COMID GRID_CODE | CUMDRAINAG | MAFLOWU| MAFLOW -
3 0.045141 | =Null= 1924 1628079 21345943 2.046 2.06483 599 |
0.044525 | =Null= 1924 1628081 2134544 12.3813 2.85774 -999
0.008707 | =Nulk= 1924 1628083 2134545 25227 0.58226 -999
0.020109 | =Nulk= 1924 1628085 2134546 3.1806 0.73411 -999
0.018375 | =Null= 1924 1628087 2134047 4 67456 1.07895 -999
0.01897 | =Nul= 1924 1623089 2134548 43933 1.015817 999 -
4 | m [ 3
T 1 n E (0 out of 555 Selected)
—

We can set the value of our new field Mean_Annual_Flow by using the field calculator.
Scroll back to the column we created, called Mean_Annual_Flow, and right click on the
column label to select the field calculator.

Shape_Length

0.048141 | =Null=
0.044825 | =Nul=
0008707 | =Null=
0.020108 | =Null=
0.ME3T5 | =Null=

PRy

3] E Douto

Annual Flow

Sort Ascending

Sort Descending

Advanced Sorting...

Summarize...

Statistics...

Field Calculator...
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Field Calculator

Parser
() vB Saript () Python

Fields:

Flowline, EMABLED

Flowline, Shape_Length

Flowline. Mean_annual _Flow
flowlineattributesflow, OID
flowlineattributesflow, COMID
flowlineattributesflow. GRID_CODE
flowlineattributesflow, CUMDRAIMNAG
flowlineatiributesflow, MAFLOWL
flowlineattributesflow, MAFLOWY
flowlineattributesflow, MAVELU o

£ | »

[

[ ]Show Codeblodk

Flowline.Mean_Annual_Flaw =

Type:

=l
(¥ Number

) Siring

(O Date

HUEHOE

Functions:

Abs ()
Amm ()
Cos ()
Exp ()
Fix )
Int( )
Log ()
Sim )
Sar{ )
Tan ()

[fowlineattributesflow. MAFLOWL]|

Set this field equal to [flowlineattributesflow.MAFLOWU]. This populates the Mean

Annual Flow field with the appropriate value.

Now we can remove the join by right clicking on the Flowline feature class and selecting
Joins and Relates/Remove All Joins.

Pl

f’

- 1
= o

Copy
= Basin| % Remove

= EH Open Attribute Table

= Wate

1 Joins and Relates

Join...

= B C\giswr 10V & z00mTo Layer

G

E fnwlineat

Now our attribute table for SanMarcos_flowlines has a field called Mean_Annual_Flow

with the values populated.
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=
| FCODE | SHAPE_LENG | ENABLED | Shape_Length | Mean_Annual_Flow »

45003 0.045141 T 0.045141 205483

45003 0.044525 T 0.044525 235774

45003 0.008707|T 0.008707 058225

45003 0.020108|T 0.020108 0.73411 ¥
>

4 1 K E {0 out of 555 Selected)

We can use this field to symbolize the flowlines. Right click on Flowlines and select
properties. In the properties menu, select the Symbology tab. Change the Symbology to
display graduated symbols for the Mean_Annual_Flow field and hit OK. Click on the
Template symbol to change the color of the lines from the arbitrary one selected by the
symbol editor.

Layer Properties

[ Hatches I Joins & Felates Time (| HTML Popup |
| Gereral | Source | Selection | Display | Symbology | Fields || Definition Guery | Labels | Routes |
Show: — . . .
Feat Draw guantities using symbol size to show relative values.
Categories Fields Classification
Quantities Value: | Mean_Annual_Fow w | MNatural Breaks (Jenks)
Graduated colors . -
Graduated symbols Nomalization: |none vl Clagses:
Propartional symbols
Charts Symbol Size from: to:
Muiti Attribut Template
0.000830 - 38.794120 0.000830 - 38.754120
38.794121 - 134797800  38.794121-134.757200
—] 34. 757807 - 260.930780 134797801 - 260.930780
260.930781 - 515.412180 260.930781 - 515.412180

‘ e 515412187 - 811788430 5154121817 - 811.733450

[] Show class ranges using featurs values

[ ok | cance |[ ooty |

The result is a map displaying the relative flow of the streams and rivers in the San
Marcos basin. This is a much more instructive map that shows the main rivers of the
San Marcos basin, the Blanco, San Marcos Rivers along the main steam, and Plum Creek,
a tributary coming in from the North near the downstream end of the basin.
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] =7 layers - — ’ .
5 (3 CAGISWR2011\B\Solr . T : /

= (70 Basemap

= wlall Connty 4 ‘\ w 3 _" ) R
Mean_Annui . - e AR\’
— 0.000830 - 38. ¥ty Canyon
— 38.794121 - 1: Mr NS IS

- 134,797801 - :

o 2 \ Saf e | Comal County
== 260930781 - £ = \"‘\ dirls Bulverde /
mm 515412181 - ¢ o {
5 Basin \hnl;’:::m»d :
D Hoxar ) 2 Ve
=] Watershed P s -\f‘/—f"_'\_ N sscunentll o3
D // \ / ';/\'\ . ‘ =
5 B3 C:AGISWR2011\Bx2\Dat: 22X ? '“1 Sl
— e 113 s i) \ Coahn Y A —

Use the Inquiry tool to find out the names of the various rivers in the map display.

Right click in the grey area to the right of the existing toolbars to open the Draw toolbar

Distributed Geodatabase

ze Windows Help | Draw |
v EGEE Edit Vertices
E‘% :ﬁr _ Editaor

- Effects —

and select a label:

oraw ]
Drawing~ W (=) *5] Dvﬂﬁ 0] Adal vl
A MNew Text
Splined Text
Label
Callout

a4

|3E]Eﬂ il ()“

Polygon Text
Rectangle Text
Circle Text

—

And add a label to show Plum Creek:
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Hastrop Count)

| County

Canyon
Lake

Comal County

joerne
i Bulverde /
\‘ ’
\\ s ' Nv\
\\ llml'»'v:.'\:und / Brauslels
\ " | - -
3 \ -
ny \ e — -~ Seguin o
v f— / L McQueeney -7 A
\ y I‘ - . > J
N / ,/"’ A oy e e wzales
\‘., ’(v — . a’San Marcos River
\ Sa/l‘ l [) ’/{ - = a
ﬁn‘oni¢? ’/.)I Gonzales County

To be turned in: a screen capture of the San Marcos Basin and streams. Add labels to
show the San Marcos River, the Blanco River and Plum Creek.

Resave your Ex2.mxd file.
Creating a Point Feature Class of Stream Gages
Now you are going to build a new Feature Class yourself of stream gage locations in the

San Marcos basin. | have extracted information from the USGS site information at
http://waterdata.usgs.gov/tx/nwis/si
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http://waterdata.usgs.gov/tx/nwis/si

A B

GAGENO LONGDEG LONGMIN LONGSEC LATDEG  LATMIN

C

D

E

F

5
LATSEC

H

I J

LONGDD LATDD SITEID

1 a7 b6 3 29 53 21 -97.9342
2 a7 36 13 29 41 53 -B7.6036
3 a7 39 3 29 39 59 -BY.6508
4 g7 40 45 29 b5 23 976792
5 97 b4 36 29 b8 46 -97.9100
B 97 35 23 29 35 37 -B7.eBLY
7 g7 34 b3 24 45 18 -97.5814
g 98 ] 20 23 55 40 -58.0889

298892 08170500
29.6997 08173000
29 6664 08172000
29.9231'08172400
299794 08171300
29 593608173500
29.8217 08172500
29.9944 08171000

(a) Define a table containing an ID and the long, lat coordinates of the gages

The coordinate data is in geographic degrees, minutes, & seconds. These values need to
be converted to digital degrees, so go ahead and perform that computation for the 8 pairs
of longitude and latitude values. This is something that has to be done carefully because
any errors in conversions will result in the stations lying well away from the San Marcos
basin. | suggest that you prepare an Excel table showing the gage longitude and latitude
in degrees, minutes and seconds, convert it to long, lat in decimal degrees using the
formula

Decimal Degrees (DD) = Degrees + Min/60 + Seconds/3600

Remember that West Longitude is negative in decimal degrees. Shown below is a table
that I created. Be sure to format the columns containing the Longitude and Latitude
data in decimal degrees (LongDD and LatDD) so that they explicitly have Number
format with 4 decimal places using Excel format procedures. Format the column
SITEID as Text or it will not retain the leading zero in the SitelD data. Add the
additional information about the USGS SitelD, SiteName and Mean Annual Flow
(MAF). Note the name of the worksheet that you have stored the data in. | have called
mine Latlong. Close Excel before you proceed to ArcMap.

(b) Creating and Projecting a Feature Class of the Gages

(1) Open ArcMap and the Ex2.mxd file you created in the first part of this exercise.
Select the add data button | ¥ ' and navigate to your Excel spreadsheet

Add Data X

Look in: EdEx2

Edpata
E50ln
latliong. xlsx
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Double click on the spreadsheet to identify the individual worksheet within the
spreadsheet that you want to add to ArcMap (it’s a coincidence that they have the same
name in this example and that is not necessary in general).

Add Data x|

Look in: | latlong. wsx
22| _xinm#Database
Fltonod

Hit Add and your spreadsheet will be added to ArcMap. Pretty cool!! Its always been a
struggle to add data from spreadsheets before and it seems like at ArcGIS 10, they have
gotten this right.

- B B hy O x

latlongs
| GAGEND | LONGDEG | LONGRIIN | LONGSEC | LATDEG | LATMIN | LATSEC LONGDD LATDD SITEID

3 1 57 56 3 25 53 21| 575934167 | 258859167 08170500 |San Marcos R
n pd 87 36 13 25 41 5% 57803811 | 29899722 | 08173000 |Plum Ck nr Lul
n 3 87 39 3 25 39 5% -97.850833| 2995653859 08172000 |San Marcos R
n 4 87 40 45 25 55 23| 97879167 | 29523055 08172400 |Plum Ck at Lo«
n 5 87 54 36 25 58 45 -57.91| 25575444 | 08171300 |Blanco Rwv nr |
n L3 87 35 23 25 35 37| -97.585722| 29593511 08173500 |San Marcos R
n T 87 34 53 25 45 18| -97.5813859| 292821867 (08172500 |Plum Ck nr Lo
n ] 58 5 20 25 59 40| -98.083889| 255594444 08171000 |Blanco R at |

M4 1 bk & (0 out of 8 Selected)
latongs

Now we are going to convert the tabular data in the spreadsheet to points in the ArcMap
display.

(2) Right click on the new table, LatLong, and select Display XY Data
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= Watershed
I -
= B3 C:\giswr10\Ex2\Da Q " % - % ﬁ
B flowlineattribute] latong$
= [ ci\giswr10'Ex2Vatifll | GAGENO | LONGDE
= : .
Topogra E Open
Joins and Relates 3

X Remove
Data k
Edit Features 3

Geocode Addresses...

Display Route Events...

-+

5 %

+
b
<+ | =

Display XY Data ... |

X

[t

Properties...

(3) Setthe XY Table to latlong, the X Field to LongDD (or Longitude), the Y Field to
LatDD (or Latitude), Hit Edit to change the spatial coordinate system, and then Import,
and get the coordinate system from the feature dataset Basemap, and you should end up
with a display that looks like the one below. Click on the Show Details button to see
details of the Geographic Coordinate System. We’ll learn about these in our next lecture!
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Display XY Data

A table containing X and Y coordinate data can be added to the
map as a layer

Choose a table from the map or browse for another table:

=

Spedfy the fields for the X, ¥ and Z coordinates:

X Field: LONGDD ~
¥ Field: LATDD W
Z Field: <Mone v

Coordinate System of Input Coordinates

Description:

Geographic Coordinate System:

Mame: GCS_Marth_American_1983

Angular Unit: Degree (0.017453292519943235)

Prime Meridian: Greenwich {0.000000000000000000)

Daturn: D_Marth_American_19583

Spheroid: GRS_13980

Semimajor Axis: 5373137.000000000000000000
Semiminor Axis: 6356752, 314140355 100000000
Inverse Flattening: 298, 257222101000020000

Sk Betals

Warn me if the resulting layer will have restricted functionality

[ Ok l [ Cancel ]

Hit OK, to complete it and you’ll get a warning message about your table not having an
ObjectID. Just hit Ok and move on. Hit Ok to add the points and voila! Your gage
points show up on the map right along the San Marcos River just like they should.
Magic. | remember the first time I did this | was really thrilled. This stuff really works.
I can create data points myself! If you don’t see any points, don’t be dismayed. Check
back at your spreadsheet to make sure that the correct X field and Y field have been
selected as the ones that have your data in decimal degrees.

Click on the point symbol under the legend label latlong event and recolor and resize the
points so that they show up more clearly. You’ll see that you have 3 sites on Plum
Creek, 3 sites on the San Marcos River, and two sites on the Blanco River, an upstream
tributary of the San Marcos River.
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What you have created is called an “event” which means that it is a graphical display in
the ArcMap window of latitude and longitude points that are stored in a table. It is not a

real feature class yet.

Table Of Contents

= ’_~—"/j Layers
= 3 ¢:\giswr10\Ex2Vatlong. xlsx
= lationg$ Events

@l

B3 latlongs
=3 C:\giswr 10\Ex2\Soln\SanMa

= ET.I Basemap

= Flowline

Mean_Annual_F
— 0.000830 - 38.7¢
- 38.794121- 134

= 134,797301 - 26!
= 260.930781 - 51
== 515412181 -81
=] Basin
O
=] Watershed
=2
= £ ¢:\giswr10\Ex2\Data
B flowlineattributesflow
+ Topoaraphic

iy

Hoerne

\.

\ ! J
A\ Timberwood
\ Park |

)

ot 1
nly

N San i ]l ¢

Bulverde |/

“fntonig] -

Blanco County

% Travis County /

Canyvon
Lake
|
Comal County
New
Brausiels
,.,\ i McQueeney

~
|

d

Resave your Ex2.mxd file. When | was preparing the exercise, | had a crash in the next
step in ArcMap, so be sure your work is saved at this point!

(4) Now, we’ll make a feature class out of the points. Right click on the latlong
Events layer and select Data/Export Data
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1]

| 7 C:\giswr10\Ex2\atlong. xlsx|
= lationg$ Events ‘

=
| L3 C:\gisv @ Open
= BpBa Joins and Relates

=
X Remove

A
4
-

| Data

Edit Features

|@ Export... I

And export the data into the Basemap feature dataset as the feature class
MonitoringPoint. Say Yes when you are asked if you want to add the points to your
map, and now you’ve got a new feature class in the Basemap feature dataset with your
points in the same projection as the other features in Basemap (ArcGIS does the map

Saving Data

projection automatically as part of the data export process).

3

Loak in: |@ BaseMap j = ;.'}| | | £+ |88 |
Basin

Catchment
Flowline

Hame: |MonitnringF‘Dint
Save as lype: |Fi|e and Personal Geodatabase feature classes j Cancel

Remove the Latlong table and the Latlong Event layers from the ArcMap display and
recolor and resize the MonitoringPoint features so that you can see them easily.
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€ Ex2.mxd - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
De@& L B x| 92 & e v EEREEO
@ Q@i+ B0 N0 7 E 2 N8 TR,
Table Of Contents 2 x X V) <
b {}\B/ \:_EI Blanco County ) \_z‘( J { \
Bg ity / ped 4 : Travis Count 1\ ’
= L3 C:\giswr10\Ex2\Soln\SanMa I T ( l/‘(_x X
=] lEIJ Basemap AU$ I'IN ] )
= MonitoringPoint f/ { J
=] Flowline ) / / >
Mean_Annual_F / I f
—0.000830 - 38.7¢
— 38.794121 - 134 \/ =
= 134,797801 - 26/ Bastrop Count)
== 260.930781-511 4y ¢ ity
== 515,412181-81
= Basin )
O . - Canyon
B2 Watershed “on R
I:l J
@ Topographic WL Comal County
NG Bulverde [
“\\ mberwood ,I
\ Park
fay \\ I
nty \ A z
p, ‘\'l y \\. .
\ £ 2 rzales
\
) ol Aak
\Sah 2 A _—
; £ e G ales ( t
an!)_l:i?(. y. _-41 Onzales County
\ i / S
< 3jaje & g >
-98.577 29.474 Decimal Degrees

Open the attribute Table of the new MonitoringPoint feature class, and you can see on

the right hand side, a new field called Shape that was added when the feature class was
formed. This is where the geographic coordinates of the points are stored in a way that
ArcMap can readily visualize them.
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ERAR AL NG

OBJECTID * | GAGENO | LONGDEG | LONGMIN | LONGSEC | LATDEG | LATMIN | LATSEC LONGDD LATDD SITEIL

3 1 1 97 36 3 25 53 21| 97.934167 | 29.889167 |081705
2 2 97 36 13 25 41 55| -57.603811| 25859722 081730

3 3 97 35 3 25 35 55| -G7.650833| 25666389 |081T20(

4 4 97 41 45 25 55 23| -ST.8TH187T| 25523055 081724

3 3 97 o4 35 25 58 45 -897.581 ) 255975444 0817131

1k E (0 out of 3 Selected)

In ArcMap, open an ArcCatalog window using the 3 putton and expand the contents of
your BaseMap feature dataset. The MonitoringPoint feature class now resides there.

)|

ig Customize Windows Help

_ Ve EEReDE,

0 e @ | =
e RN iCatang window]

minty

/ pred I\ Travis Cos

~
LR N W
Location: IL] SanMarcos.gdb

|

v

[ 1Aampac

%]

= 3 Home - Ex2\Soln

Sl saniiarcos |

= [Eﬂ Basemap
(&) Basin
B Flowline
D MonitoringPoint

@ Watershed

(5) Close the ArcCatalog window and Save your Ex2.mxd ArcMap document.

Labeling the Gages in View

Right click on the MonitoringPoint feature class and select Properties.
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Copy

Br 11
e &

= Flod ® Remove
E Open Attribute Table
—
_ Joins and Relates »
- '__L)- Zoom To Layer
-
-
= Bias Visible Scale Range 3
O Use Symbol Levels
= Wa
O Selection 3
Topographi Label Features

Edit Features 3

43 Caenvert Features to Graphics, .

Convert Symbology to Representation...

Data 4
< Save AsLayer File...

1;) Create Layer Package...

||':r Properties... |

Click on the Labels tab and from the drop down menu select the label field name to be
SiteName. Change the size of your font to 12 point type.

Layer Properties

General | Source || Selection | Display | Symbology | Fields | Definition Query| Labels |Join5 & Relates || Time | HTML Popup
el ayer
Method: Label all the features the same way. w |
All features will be labeled using the options specified.
Text String
Label Feld: [SITENAME v
Text Symbuol
||£ﬂ Arial ~ | |12 v |
AaBbYyZz
CERERE
Other Options Pre-defined Label Style
Placement Properties... ] [ Scale Range... ] [ Label Styles... ]
[ ok || camcd || =

Right click on the MonitoringPoint feature class again and select Label Features.
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You can now create a view like this:

Canyon
Lake

erne Comal County

Bulverde |/

R 2 y
N Timberwood

Park

y kPR e 4 7~ Seguin..
*‘- J \ McQueeney -7

Creating a Chart and Layout

(1) Open ArcMap to create a chart of the mean annual flow of the San Marcos gages. The
Mean Annual Flow at the gages is recorded in the column labeled MAF in the
attribute table. Open the MonitoringPoint attributes table and make a chart using the
tools available in ArcMap. Click on the Table Option and select Create Graph
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ENENCCEER

B8 Find & Replace...

B5 select By Attributes. ..
[d

B switch Selection
[%] select Al

Add Field...

Turn All Fields Cn

Show Field aliases

Arrange Tables 2
d Restore Default Column Widths
. Restore Default Field Order

Joins and Relates 3

Related Tables 3

||j]]] Create Graph... |

Select Graph Type as Horizontal Bar, MAF as the Value Field, GageNo as the X
field, click off the Add to Legend, Select a Custom Color of blue, and hit Next
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il Create Graph Wizard

Graph type:

E Horizontal Bar v
Layer Table:
I‘t'? MonitoringPoint j
Value field: |MAF w |
¥ field {optional): | <Mone = w || Value  w |
Y label field: |SITENAME v|
Vertical axis: |Leﬂ: b |
Horizontal axis: |Eiuttcm W |
[]add to legend [ show labels (marks)
Color: i |- |-
Bar style: |Rectangle v
Multiple bar type: |5ide b |
Bar size (%): [ show border

Horizontal Bar

Add "l

Load Template -

Graph of MonitoringPoint

Blanco Rv at Wimberley, Tx

Plum Ck nr Lockhart, Tx

San Marcos Rv at Otting, Tx

Blanco Rv nr Kyle, Tx

SITEMAME

Plum Ck at Lockhart, T

San Marcos Rv at Luling, T=

Plum Ck nr Luling, Tx

San Marcos Rv at San Marces, Tx

T T T
] 0 100 150 200
A

In the next window, change the chart title, Left axis property to leave SITENAME
blank, and Bottom axis property to Mean Annual Flow (cfs)
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Streamflow in the San Marcos Basin_3

Streamflow in the San Marcos Basin

Blanco Rv at Wimberley, Tx

Plum Ck nr Lockhart, T=

San Marcog Rv at Ottine, Tx

Blanco Rv nr Kyle, Tx

Plum Ck at Lockhart, Tx

San Marcos Rv at Luling, Tx

Plum Ck nr Luling, Tx

San Marcos Rv at San Marcos, Tx

I T T T T T
0 20 40 &0 20 100 120 140 160 120 200 220 240 260 280 300 320 340 350 3230 400 .
Mean Annual Flow (cfs)

It took me several attempts to get this result but it looks quite nice I think.
In ArcMap prepare a layout showing a map of the drainage area, the graph of its

annual flows at each gage. Move your graph off to one side of your display, and under
View, select Layout View. You’ll see a new window appear and a map pop up in it
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ArcMap - Arcinfo
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Resize the map so it doesn’t take up all the page, and then right click on your Chart and
say Add to Layout. Resize the chart so it is comparable in size to the map. Use the
Insert toolbar in ArcMap to add a Title, North Arrow and Scale bar to your Layout.
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% Ex2.mxd - ArcMap - Arcinfo

File Edit View Bookmarks | Insert | Selection Geop

D B, =] % L [ % Data Frame

RAMQ kLl @
Table Of Contents .
* a} \E,lf IE Dynamic Text k
= = Layers Meatine...

= Ci\giswr 10 Ex 2V50ln\Sa
= ﬁ Basemap

=] MonitaringPoint
]

= Flowline
Mean_Annu
— 0.,0005330 - 3
— 33.794121 -

(0

Title

_.
=
L

Text

Legend...

=Jiiii O

Morth Arrow...

.
2

Scale Bar...

B

Scale Text...

=
=

Picture...

B (I

Ohject...

You can right click on the Title to get its Properties and then use Change Symbol to get
a new text size. You can right click on the Scale bar, select Properties and then
Division Units to select the distance units you want. Here is what | got when I did all
this. Pretty cool!
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You can import Excel chart and worksheet from the Insert/Object... option in

ArcMap. If necessary resize the original chart or table smaller so that it can be displayed
in the layout. You'll see in the chart that the flow in the San Marcos River at Luling and
Ottine is much higher than in the upstream stations. That is because of the cumulative
effect upstream at Luling and because Plum Creek joins the San Marcos River just

upstream of Ottine.
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Save your Ex2.mxd file.

To be turned in: a layout showing the base map, and chart for the San Marcos River
flows

Overlaying the Edwards Aquifer

The Edwards aquifer is one of the most critical water resources of Central Texas. It is the
main source of water supply for San Antonio, the 10th largest city in the United States.
The Edwards aquifer is recharged by infiltration from rivers crossing its outcrop area. To
determine where the San Marcos River crosses, the outcrop area, | obtained a coverage of
the Edwards aquifer from the Texas Natural Resource Information System
(http://www.tnris.state.tx.us/)

The Edwards aquifer coverage from TNRIS is in Decimal Degree coordinates. This is the
Edwards shapefile that you copied from the zip file at the beginning of the exercise.

Open the ArcCatalog window within ArcMap using the 5l button, Right click on the
Basemap Feature Dataset and select Import/Feature Class (single).

\ &
) L T g2 | e
;,.I Location: ﬁ Basemap

5
\ = B Home - Ex2\Soln

\‘\ = ¥ SanMarcos
!
/ 5
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Navigate to the Edwards shape file in the dataset supplied for the Exercise, and name the
Output Feature Class Aquifer.
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, Feature Class to Feature Class

Input Features
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& Output Feature Class -

| Aquifer] |
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This will not only do the conversion from shapefile to feature class, but also add the new
feature class to your map.

Right click on the Aquifer feature class and select Properties. Click on its Symbology tab
and Label the theme using the attribute Aquifer. This attribute has three values: 1 for
outcrop, 2 for downdip and 0 for holes within the outer boundary of the aquifer. Classify

the values with Unique Value and color them appropriately.
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You'll see that as the San Marcos River flows South East towards the Gulf Coast and it
crosses first the outcrop and then the downdip portions of the Edwards aquifer. The
downdip region is where the aquifer dips below the land surface and is shielded from the
surface rivers by overlying hydrogeological units of low permeability. The Edwards is a
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fissured limestone aquifer whose fissures lie along its Southwest to Northeast orientation,
so its flow moves in that direction, transverse to the direction of flow in the San Marcos
basin. It is thus quite possible for water to drain from the San Marcos river into the
Edwards aquifer and then reappear as a spring further North in another river. Zoom in to
the region where the aquifer crosses the San Marcos basin for a closer look.

To be turned in: Between which two gaging stations does the Edwards aquifer outcrop
area occur? What is the difference in mean annual flow at these two gages? Comment on
these data. Do they seem correct to you?

Summary of Items to be Turned in:

1. Screen capture the resulting map display and include it in your solution. What is the
map extent in decimal degrees of these data?

2. A screen capture of the San Marcos basin with its HUC-10 and HUC-12 watersheds
and subwatersheds.

3. How many HUC12 subwatersheds are there in the San Marcos Basin? What is their
average area in km*? What is the total area of HUC12 subwatersheds in this basin in
km?*? What is the ratio of the length of the streamlines to the area of the HUC12
subwatersheds (called the drainage density) in km™?

4. A screen caputre of the San Marcos Basin and streams. Add labels to show the San
Marcos River, the Blanco River and Plum Creek.

5. A layout showing the base map, and chart for the San Marcos River flows.
6. Between which two gaging stations does the Edwards aquifer outcrop area occur?

What is the difference in mean annual flow at these two gages? Comment on these data.
Do they seem correct to you?
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