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Urbanization, industry and agriculture affect the water qudity of the
Texas, specificaly the bays adjacent to the coast. Thus, the Texas Natura
Resources Conservation Commission (TNRCC) has designated Water Quality
Management segments partitioning Texas bays and estuariesinto distinct
waterbodies with individua water quaity issues. Smilarly, the TNRCC has
designated river segments as water quaity management segments with unique
water quaity concerns. Thisthesis studies water quaity management segmentsin
Basin Group C in Texas, composed of the Trinity-San Jacinto Coastal Basin, the
Neches-Trinity Coagtd Basin, the San Jacinto-Brazos Coastal Basin, the San
Jacinto River Basin and numerous bays and estuaries associated with these basins.
An adgorithm was developed to determine watersheds for the Water Qudity
Management segments, consisting of procedures to creste a hydrography network,

process digitd eevation modes and produce redlistic watershed boundaries.



Additiondly, this thess highlights considerations when dedling with coagtd
regions. Four main issues resulted in gpproximately 75% of the watershed
boundary discrepancies anadlyzed: contributing areato the Intracoastal Waterway
in the Neches-Trinity Coastd Basin, short-circuiting dueto cell Sze scde,
unclassfied Intracoasta Weaterway flow direction in the San Jacinto-Brazos
Coadtd Basin, and waterbody representation. These inconsistencies were
resolved with further editing and enhancement of the surface water drainage

network.
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CHAPTER 1: INTRODUCTION

1.1  BACKGROUND

Our nation’s lifestyle thrives on a close proximity to water. The four
largest citiesin the United States, namely New Y ork, Los Angeles, Chicago and
Houston, lie aong the shoreline of awaterbody, be it alake, gulf, bay or ocean.
Agriculture, industry and urbanization depend on healthy waterbodies and
waterways, yet the expansion of these indtitutions threaten to destroy the very
water which nurturesthem. In the United States, approximately 40% of assessed
watersfail to meet water quality standards set by their governing agencies (EPA,
2000). Thisamounts to 20,000 river segments, lakes and estuaries, or 300,000
miles of rivers and shorelines and 5 million acres of lakes (EPA, 2000). These
impaired waters endanger a mgjority of the population: 218 million citizens
choose to live within 10 miles of these waterbodies (EPA, 2000). The
combination of these factors shows the importance of shoreline and coastal
regions and the significance of their drainage systems to many aspects of
everyday life.
1.1.1 Higtory of the TMDL Program

The government has recognized the need to rectify the impending weater
quality deterioration for the past several decades. 1n 1972, the Clean Water Act

(CWA) was passed containing Section 303(d). This section required States to



develop “pollution budgets’ to restore water quality to waterbodies that failed or
were predicted to fail their specified water use (EPA, 2000). The responsibility to
create these budgets was placed in the hands of States, territories, authorized
tribes, and the Environmenta Protection Agency’s (EPA) Office of Water.

The forma name of the pollution budget is Totad Maximum Dally Load
(TMDL) dlocation and implementation. TMDL is defined as “the maximum
amount of a pollutant that a waterbody can receive and till meet water quaity
dandards’. This maximum amount is dlocated among point and nonpoint
pollutant sources. Therefore, a TMDL is an assessment of the maximum amount
of a gpecific pollutant each source can discharge into awaterbody before the
waterbody exceedsits water qudity standards. TMDL alocations must include a
factor of safety and a consideration of seasond variation in their maximum load
caculation (EPA, 2000).

1.1.2 TMDL in Texas

In the State of Texas, the Texas Natural Resource Conservation
Commission (TNRCC) adminigters the development of TMDLSs. They establish
the water quality standards and measurement thresholds mentioned in the TMDL
definitions for the State. These standards differ based on the usage of the
waterbody. Chapter 307: Texas Surface Water Quality Standards (TNRCC,

2000) specifiesfour categories of uses for awaterbody and the water quaity



criteriato accompany each use. The four uses and their corresponding standards

ae€

1

2)

3)

4)

Aquatic Life Support — “The standards associated with this use are
designed to protect aguatic species. Those standards establish optimal
conditions for the support of aquatic life and define indicators used to
measure whether these conditions are met. Some pollutants or conditions
that may violae this sandard include low levels of dissolved oxygen, or
toxics such as metals or pesticides dissolved in water” (TNRCC, 1997).
Contact Recreation — “The standard with this use messures the level of
certain bacteriain water to esimate the relaive risk of swvimming or other
water sportsinvolving direct contact with the water and the bacteria and
virsesinit” (TNRCC, 1997).

Public Water Supply — “ The standards associated with this use indicate
whether awater body is suitable for use as a source for a public water
supply system using only conventiona surface water trestment” (TNRCC,
1997).

Fish Consumption — “The standards associated with this use are designed
to protect the public from consuming fish or shdlfish that may be
contaminated by pollutants in the water. The standardsidentify levels at

which certain toxic substances dissolved in water pose asignificant risk



that these toxics may accumulate in the tissue of aquatic Species’

(TNRCC, 1997).
Each of these waterbody uses carries specific criteria and standards for indicators
of water quaity. Theseindicators act as the pollutants and can include metds,
organics, feca coliform bacteria, dissolved oxygen and dissolved solids (TNRCC,
1997).

The TNRCC formdly maintainsthe TMDL initiative by regularly
monitoring and assessing waterbodies for their specific use criteria. The results
are published in the Clean Water Act Section 305(b) Report, The Sate of Texas
Water Quality Inventory for the State of Texas. This document describes to what
degree each waterbody meets the water quality standards for its specified uses,
determined in Chapter 307: Texas Surface Water Quality Standards. Any
waterbody in the Section 305(b) Report that does not meet the standards set for its
use at the present time, or is predicted not to meet the standards in the near future
isthen placed on The State of Texas List of Impaired Water Bodies, corresponding
to the Clean Water Act Section 303(d) List. In addition to thesefailing
waterbodies, the 303(d) List aso contains any waterbody that has clean-up
activities planned in the next two years. Thisligt serves as the foundation of
TMDL development; any water body on the Section 303(d) List must have a

TMDL deveoped for it and implemented within 10 years (TNRCC, 1997). A



draft portion of the Texas 2000 Clean Water Act Section 303(d) List can be found
in Appendix A.
1.2  WATERSHED ACTION PLANS

A Watershed Action Plan is the structure used to develop the TMDL.
Each impaired waterbody is managed in the context of its watershed, or “the
geographic areain which water, sediments, and dissolved materids drain into a
common body of water” (TNRCC, 1997). The watershed action plan isthen“a
quantitative assessment of water quality problems and contributing pollutant
sources, dong with an implementation plan that identifies responsible parties and
specifies actions needed to restore and protect awater body” (TNRCC, 1997).
The processes involved in forming awatershed action plan are: targeting the
Specific pollutants, reviewing current information and collecting new data from
monitoring programs, developing watershed and water quaity models and
devisng management dternatives. Figure 1.1 illugtrates this cycle of a watershed

action plan and TMDL development in a priority watershed.
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Figure 1.1 Watershed Action Plan Schematic (TNRCC, 1997)

Phase 5, the implementation step of the watershed action plan, consists of
various rules, restrictions and practice suggestions. Examples of methods to
reduce discharges to the TMDL set forth by the TNRCC are: making wastewater
permit limits more drict by requiring additiona treatment or new technology,
requesting farmers and ranchers to use aternate practices to prevent fertilizers,
pesticides and manure from traveling into waterbodies, or requiring citiesto

manage and treat runoff from their streets (TNRCC, 1999).



1.3  STuDY AREA

In order to develop the TMDL and implementation plan, the TNRCC
develops geospatial databases of information about the watersheds of these
impaired water quality management segments. These watersheds are grouped in
five basin groups, A through E, for water quality planning purposes. Figure 1.2

illugtrates the basin groups.

Figure 1.2 TNRCC Water Quality Planning Basin Groups (TNRCC, 2000)

Watershed ddlinestion and data collection was initiated on Basin Group B
in Texas, the Trinity River basin. Thiswork was performed by Kimberley Davis

and Jona Finndis Jonsdottir at the Center for Research in Water Resources at the



The University of Texasat Audtin. Thisthesis will describe the procedures and
effortsto ddlineate watersheds in Basin Group C in Texas. Figure 1.3 displaysthe

location of the study area.

San Jacinto 1
River Basin J-{
1

Trinity-3an Jacinto
Coastal Basin

Hous o B
ULi_‘mI'I z 5 .

4 4= Neches-Trinity
=Gy Coastal Basin

31
ﬁ?" San Jacinto-Brazos
e Coastal Basin

=¥

Figure 1.3 Basin Group C in Texas, as defined by the TNRCC

Basin Group C presents a unique twist on the work aready accomplished
on watershed delineation for TMDL development in Texas. Basin Group C
contains not only ariver basin but dso is composed of three coastal basins and
numerous bays and estuaries. Coastal basins are areas where the water and runoff
drain directly into the Gulf of Mexico rather than traveling into or through a
prominent Texasriver. The basinsin Basin Group C are: the San Jecinto river

basin, the Trinity-San Jacinto coastal basin, the Neches- Trinity coastd basin, and



the San Jacinto-Brazos coadta basin. Within this area, there are 55 water quaity
management segments, waterbodies listed on the 305(b) List. Of these 55
segments, 21 are bays or estuaries.
14  OBJECTIVESOF THISTHESS

The TNRCC has commissioned work to be done by CRWR to determine
the watersheds of the 55 water quality management segmentsin Basin Group Cin
order to proceed with watershed action plans. Many studies and procedures have
been made on ddlineating watersheds and this practice is common among GISin
Water Resources users. However, areas of little to no terrain dope present a
challenge to these established guidelines. In fact, current standards postpone
determining procedures for these areas. In the Federal Standards for Delineation
of Hydrologic Unit Boundaries Draft, no method is described. Instead anote
indicates, “due to the unique qudities of the nation’s coadtlines, specidized
guiddlines are presently being developed for these areas, and will be incorporated
into these standards when findized” (USDA, 2000).

The objective of thisthessisto goply the traditiona strategy of
delinesting watersheds, and modify this procedure to consider the complications
of the coastal drainage areas. Rather than ddineating watersheds to pointson a
river network, an agorithm is developed for delinesting watersheds in coasta and
low-lying regions with little to no dope by studying the area draining to alength

of river or awaterbody. Additiondly, guiddines are presented on how to



determine watersheds of waterbodies such as bays or estuaries. The procedures
used to develop the geospatia database for TMDL devel opment and the
watershed action plan approach are aso explained.
15  STRUCTURE OF THISTHES'S

This thes's describes the work involved in cresting a genera procedure for
watershed ddlineation adong the Texas coast. Following thisintroduction, a
literature review is performed to find historical information on the issues
encountered when delinesting watersheds in areas of low dope. Additiondly,
coastd geomorphology isinvestigated to find the scientific basis behind the
digita data sources and results. Thisinformation isfound in Chapter 2.  Chapter
3 describes the data used throughout the procedures of this research, as well asthe
data sources and metadata. The data are incorporated in the discussion of the
generd procedure of watershed delineation in Chapter 4. Modificationsto
traditional methods and definitions are highlighted. Chapter 5 describesthe
results from the procedures.  As expected with any results, iterations were made
to reconcile complicationsin the genera procedure. Solutions to these problems
and subsequent results are then presented. Chapter 6 culminates with the

conclusions reached from the results and procedures.

10



CHAPTER 2. LITERATURE REVIEW

2.1  INTRODUCTION

The coast has been a constant source of research and speculation asto its
development and its influence on the surrounding area. A greet ded of andyss
has been written about drainage processes in coastd regions and regions of low
dope. These papers are reviewed to gain insght into problems that arose and
solutions recommended.  Then, the science behind the coastal issues, the factors
which cause the complications, are explored through the framework of
geomorphology.
2.2  PREVIOUSSTUDIES

Many studies have been performed at the Center for Research in Water
Resources (CRWR) with implications that apply to the coagta environment. This
research provided afoundation for the thought process on the procedures of
watershed delineation dong the coast. The results of these andyses are presented.
2.2.1 Integration of Vector Hydrography

Typica automated watershed delinestion efforts are raster-based: usng
grids of devation vaues of an area (Digitd Elevation Modes— DEMS),
andyzing the changes in devation to find in which direction water from each grid
cdl flows, and accumulating the number of upstream cdlls. Looking a the flow

accumulation, DEM stream peaths are identified using the assumption that the

11



largest flow accumulation isfound in the defined channels. However, this process
assumes that the topographic rdief is sgnificant enough to induce a drainage
pattern over the landscape. In the case of the coastd region, therdlief is so dight
that it isreferred to asflat, with little to no dope whatsoever.

Nevertheless, many atempts have been made to determine digitaly
computed drainage paths directly from digital elevation models. Meancon
(1999) and Saunders (1996, 1999) both report that the grid-delineated streams and
the actud streams (from digitd line data that is described further in Chapter 3)
vay greatly in areas of low relief. Thisis atributed to little defining terrain in the
region, in which the eevation vaues do not change sgnificantly or at al from
cdl to cdl. Therefore, the flow directionis calculated over an areaof equa
elevation (Meancon, 1999; Saunders, 1996).

In addition to the inaccurate stream network, thisissue carries through to
the delineated watersheds. Saunders (1999) encountered problems where the
watershed boundary intersected the vector hydrography stream network. This
was caused by a difference between derived streams from the DEM and the actua
stream hydrography. Mason (2000) found the same issue in his study of the San
Jacinto basin. For USGS gage 8076000, which has adope of 0.00075 m/m, the
watershed boundary was erratic and unnatural in gppearance. Y et, when

consulting with a topographic map, no contours were present in the areato

12



compare to the computer delinegtion. The areawas 0o flat that it wasimpossible
to determine if the unusua watershed boundary was correct.

A method to avoid this discrepancy is described as“burning in” the vector
hydrography stream network to the DEM. Essentidly, the stream network created
from ingpection of maps and aerid photography is organized in avector format.
This stream network is then overlaid on the digitd evation grid, and wherever
the stream network coincides with agrid cell, thet devation isfrozen. Any grid
cdl not coincident with the stream network israised by afixed vaue. The
landscape then appears to have canyons where the vector stream network flows.
Burning in the network and the differences between vector and ragter datais
further described in Chapters 3 and 4.

Burning in the stream network aso helps to diminate the problem known
as“short circuiting”. Short circuiting is when the drainage peth is distorted from
the known location of streams and tributaries because it follows the DEM path of
least gravitational resistance (Saunders 1999). Short circuiting is very common in
areas near the coast where the dope is generdly flat. Also, it occurs when the
vector hydrography scaleistoo intricate for the digital eevation modd, and the
flow path is distorted because of nearby burned in cdlls. When these cdlsare
adjacent to each other, flow may jump from one path to another incorrectly. The
erroneous flow peath is than tranamitted through the flow direction grid to the flow

accumulation grid. Theresult is again a derived stream network that differsfrom
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the accepted stream network. A solution to short circuiting from cell size and
scaeisto manudly alter the stream network where paths gppear too close
together. However, this procedure is not recommended because a domino effect
can occur and other features could be affected by the change aswdl. But, inthe
instance that more accurate DEMs are not available, no other recourse is possible
(Mason, 2000).

The results of integrating the vector hydrography by burning in the
network are seen in comparisons of watersheds for USGS gages. Saunders (1996)
compared gage drainage areas reported by the USGS with delineated watersheds
after the stream network was burned in to the DEM. The areas matched fairly
accurately; however, the largest errors were seen for gages in the flattest areas and
the least error occurred at the most inland gages (Saunders, 1996). Mason (2000)
aso compared USGS drainage areas with ddineated watersheds. This study
found a direct correlation between the dope of the area and the percent difference
between calculated areas. For dopes greater than 0.002 m/m, the absolute
difference was less than or equal to 1%. For dopeslessthan 0.002 m/m, a steep
increase in the percent difference was found. Mot of these gages with dopesless
than the threshold were located in the San Jacinto basin. Furthermore, the gages

were within 75 miles of the coast (Mason, 2000).
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2.2.2 Recommended Procedures

Through these previous studies, procedures were devised to aid in
delinesting these watersheds. These procedures relate to both the vector stream
network and the digital elevation modd.

Saunders describes various editing recommendations for the stream
network. Firgt, lakes and isolated streams should be removed. Then instream
lakes should be replaced with a centerline and braided streams should be
subgtituted with amain channd. Marsh channds through barrier idands,
pipdines, shipping channels, and idands within the Intracoastal Waterway should
be eliminated (Saunders, 1996). The coastline should aso be removed from the
stream network because only arcs that represent drainage paths to outlets of the
watershed should be included. The main stem of the drainage paths should aso
extend to the edge of the DEM. For coastal watersheds, that corresponds to a path
from the mouth of ariver out into open water (Saunders, 1999).

Severd recommendations dso exist referring to the digital eevation
models. In coasta areas, DEMswith smaller scale, such as 10 meter cdll Size, are
recommended for use (Mason, 2000). However, their computer processing time
increases dramaticdly, and thisis not currently practical. In deding with larger
celled DEMs, Saunders presents discussions of a procedure that introduces a
amdl devation gradient in flat areas leading towards a cell with aknown flow

direction. Theinteger vauesinthe DEM cdls are replaced by floating point
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vauesthat dowly trangtion to the defined grid cdll in the flow direction grid.
Hellweger developed this procedure as an AML (Arc Macro Language) named
Agree, and Reed reported on its application (Saunders, 1999).

Relating specificaly to coastd applications, Meancon (1999) indicated
severd modifications that must be made to the DEM. Firg, negative vaues
cannot be handled by the Arclnfo software; therefore, an additional processing
step to remove the negative vaues must occur. Also, the ocean should act asan
infinite sink for any flow. Hence, the ocean must be represented by NO DATA
vauesin the DEM for watersheds a ong the coast to be delineated properly
(Mdancon 1999). Through these previous studies, many results can be gpplied to
the efforts presented in this thesis for coastd watershed delinegtion.

2.3 COASTAL ZONE GEOMORPHOLOGY

The problems and procedures detailed al relate to various topographic
issues in the coagtd region. Therefore, it is necessary to consider how the
topography was established. The resource used to study this evolution was the
Environmental Geologic Atlas of the Texas Coastal Zone — Galveston-Houston
Area (Fisher et al., 1972), developed by the Bureau of Economic Geology at the
Univergty of Texasat Augtin.  The Texas Coastd Zone is located from the inner
continental shelf to gpproximately 40 milesinland and encompasses all estuaries,
tiddly influenced streams and bounding wetlands. The Coastd Zone is divided

into seven specific areas. Beaumont-Port Arthur, Galveston-Houston, Bay City-
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Freeport, Port Lavaca, Corpus Chridti, Kingsville and Brownsville-Harlingen; this
thesis focuses on the Galveston-Houston area. The entire Texas Coastd Zoneis

illusrated in Figure 2.1.
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Figure 2.1 Texas Coastal Zone, partitioned into 7 areas (Fisher et al., 1972)
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The Gavestont Houston area covers about 2,903 square miles, of which
2,268 square milesisland. The generd characteridtic isa gently inclined dope
gulfward of 5 ft/mile or less. It has primarily low rdief, with the highest
elevation of about 90 ft above mean sealevd (MSL) that occurs mainly at
Hoskins Mound, Barbers Hill, and the Blue Ridge State Prison Farm. The higher
elevation topographic features are aresult of sat domes. Two mgor river valeys
transverse this region, the Trinity and the San Jacinto, aswell as severd vdleys of
minor heedward eroding streams, such as Cedar Bayou, Buffalo Bayou, Clear
Creek, Dickinson Bayou, Chocolate Bayou and Bastrop Bayou. The mgority of
the arealis covered by extensive marshes, less than five feet above MSL, which
dretch dong West Bay, East Bay, the Trinity River deltaand the lower Trinity
River vdley. Figure 2.2 isaschematic representation of the different geologica
environments of deposition that have been active dong the Texas Gulf Coast over

long periods of time (Fisher et al., 1972).
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Figure 2.2 Natural Systems defined by environmental mapping in the Galveston-Houston area
(Fisher et al., 1972)

In order to evauate the complex coastal zone asit exisistoday, it is
necessary to study its geologic history. The Environmental Geologic Atlas of the
Texas Coastal Zone states “the present Coastd Zone is, therefore, but one frame
in akaedoscope of changing rivers, shifting beaches, and subsding plains. Past
geologic events and current geologic processesjoin in characterizing the nature of
the total coastd environment, as well asto point inevitably to future changes thet

man must learn to understand, predict, and manage.” The factors affecting
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current processes include soils, wildlife, vegetation, groundwater, and natural
resources. All of these components are influenced by the ancient geologic
systems and must be considered to thoroughly understand and manage the present
day Coastal Zone. Fisher et al. (1972) divide the geologic history of the areainto
three main time segments. Pleistocene, Holocene and Modern. Pleistocene age
deposits originated over 30,000 years Before Present (B.P.) during glaciad and
interglacia cycles. Holocene age deposits originated after the find glacid period
of the Pleistocene, approximately 18,000 to 4,500 years B.P. Modern deposits are
the evolving systems that have been devel oping from 4,500 years B.P. to the
present (Fisher et al., 1972).
2.3.1 Pleistocene Depositional Systems

The Plestocene is composed of & least four main glaciation cycles
interspersed with interglacid episodes. Pleistocene depositiona systems
therefore exhibit the effects of recurring glaciation and melting. The later
interglacid periods caused great amounts of sediment to be carried from upstream
areas of Texas to broad embayments dong the Gulf coast. Sand and mud were
deposited in point bars dong shifting meandering sreams and in levees dong
vegetated river banks respectively. Meandering streams evolved seaward into
digtributary streams that emptied and deposited into the stream mouth, forming
deltalobes and increased land encroachment into the Gulf bays. Rivers abruptly

shifted course to send water dong amore direct path with a higher gradient and
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shorter distance. The origind distributary stream paths were than abandoned,

only to be reused when the bays filled with sediment from overextenson of the
deltalobes. Asthe deltas extended further seaward, they encountered barrier
idands, some of which were up to 58,000 years old. The deltas proceeded to bury
theselow sand bodies and idands. At the end of the Pleistocene, glaciation again
occurred and the sealevel dropped. Rivers no longer deviated from their course,
and instead eroded into older fluvial and deltaic deposits, cresting broad scalloped
shaped valleys such as the Trinity and San Jacinto river incised vdleys. The

rivers then formed deltas dong new shordines located miles out onto the
Continentd Shelf (Fisher et al., 1972).

The processes that occurred to cause Pleistocene depositiona systems are
still evident today. Severad coastward trending pieces of older deltaic distributary
channds can be seen in the coagtd uplands, as inferred by the presence of higher
elevation levee deposits. The abandoned ddta distributary channels, later
occupied by smdler streams, are now present as either abandoned meanders or
loops. Because the loops are usudly filled with mud, the abandoned courses now
pond water in the form of oxbow lakes (Fisher et al.,1972). Many of these lakes
can be observed in the coastal regions of Basin Group C. The areas between the
digtributary channd's and inland from the delta lobes that infringe on the bays are
broad flat areas of mud and clay substrates, as well as other associated sediments.

These sediments correspond to interchanne floodplain or overbank deposition
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during the Pleistocene and comprise the largest geologic component of the Texas
Coadtd Zone (Fisher et al., 1972).

Severa sand bodies are dso located inland of the shordline. These sand
bodies are believed to be the present day portraya of the ancient Pleistocene
barrier idands. Eagt of Gaveston Bay, the ridge forming Smith Point and
extending northeastward through the Double Bayou areais consgdered to be a
Pleistocene sand body. Figure 2.3 displays the ridge formed inland of the
coastline due to Pleistocene barrier-strandplain sands. Additionally, the areas
west of Galveston Bay, south of Dollar Bay and on ether Sdes of Chocolate Bay
disolay smilar ridges. Theseridges are dightly devated, typicaly about 10 feet

abovelocd rdief (Fisher et al., 1972).
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Figure 2.3 Pleistocene barrier-strandplain sands, Smith Point area (Fisher et al., 1972)

2.3.2 Holocene-Modern Depositional Systems

The Holocene and Modern deposits are linked together because of
common representations of geologic processes in today’ s landscape. Many
geologic units, features of sgnificant environmenta character, can be attributed to
both the late Holocene and early Modern times. However, the geologic history of
each time period differs. The Holocene Epoch is depicted as atime of grest
fluctuation in which the sealevel began itslast greet rise after the find
Pleistocene glaciation when melted waters reached the ocean. Asthe sealeve
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rose, the rivers continued to meander within the filling valeys. Mud sheets and
large point bars were deposited by the rivers as they meandered toward the coast.
The Trinity and San Jacinto river valeys continued to fill and eventualy drowned
to form the Trinity and Gaveston Bays (Fisher et al., 1972).

Modern higtory relates the changes that occurred when the sealeve
reached a somewhat congtant Sate at the present level. Five main changes were
initiated during thisModern time. Eroding sediment from drowned valeys began
to fill the deeper parts of the Trinity and San Jacinto estuaries, continuing the
formation of the modern Trinity and Galveston Bays from the inundated Trinity
and San Jacinto river valeys. The bayhead deltas began to dso fill the upper end
of the estuaries. Headward eroson due to excessve rainfal and runoff continued
in streams located in areas of Pleistocene mud deposits, such as Chocolate Bayou,
Clear Creek, and Cedar Bayou. East and West Bays grew as elongated lagoons
behind the barrier idand of Bolivar Peninsula. Bolivar Peninsula, Galveston
Idand, Follets Idand and other sand bodies were formed by spit and shoreface
deposition from the ddltaic sediments that traveled southwestward by longshore
currents and shoreward by wind-generated waves. Marshes began developing
over the Plestocene ddlta deposits and bays that were filled by storm flooding.

At afilled depth of 1-2 feet, marine grassflats and marsh plants sprouted and

accelerated the trapping of sediments (Fisher et al., 1972).
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These changes are reflected in the present-day systems shown on the
Environmental Geology Map. Abandoned meandering channds of the Trinity,
Brazos, and San Jacinto rivers have evolved into topographic lows on the river
floodplains. Again, these channdls are now seen as narrow, sinuous loops and
oxbow lakesthat trap water. Point bars have formed along the current
meandering streams, gppearing as large deposits of sand and bedload aong the
inner curve of the loops and meanders. Also adjacent to the modern channds are
levee deposits caused by frequent overbank flooding. The overflow from the
river banks leads to fine grained muds and silts resting just outside the river
channds, resulting in atopographic high directly next to the river channds
(Fisher et al., 1972).

The current barrier-strandplain-chenier sysem is aso influenced by the
geologic past. The beach areais comprised of aforebeach that gently dopes
seaward and a back-beach that dopes either seaward or localy away from the sea.
The forebeach and back-beach are separated by a berm up to five feet high, which
can influence the doping of the back-beach. The sand bodies dso contain a
beach ridge area, which is a series of subparale ridges and swales oriented with
the barrier idand. Each ridge depicts aformer shordline location. Theridgesare
also 5-10 feet dbove MSL. Theremainder of the barrier idand/sand body fesatures
are covered by vegetated barrier flats or wind-tidd flats (Fisher et al., 1972).

Figure 2.4 depicts the Modern barrier-beach system around Galveston Idand.
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Figure 2.4 Modern barrier-bar environment and facies, Galveston Island (Fisher et al., 1972)

The marsh-swamp environment digtinguishes the Texas Coadta Zone from
the rest of the state due to its unique characterization. Modern marshes and
swamps are found at eevations usudly lessthan 5 feet dbove MSL. The subdtrate

is perpetudly wet and the water table is permanently high. Swamps and marshes
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aretypicaly formed on top of flood-tidal deltas, back sides of barrier idands and
sand bodies, mainland shorelines, abandoned tidal creeks and channels, and
fluvia floodplains, and therefore, comprise the mgority of the Texas Coastd

Zone. Adjacent to the marshes and swamps are the bays, estuaries and lagoons,
covering a 553 square mile area of the Galveston-Houston coastal zone. Included
in the bay system are Galveston and Trinity Bays, coastward trending lagoons
such as East and West Bays, and smdler waterbodies such as Christmas and
Drum Bays, shown in Figure 2.5. The shape and morphology of these bays

represent ancient depositional and erosion topography (Fisher et al., 1972).
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CONCLUSION

The geomorphology of the Texas Coastdl Zone cregtes the foundation for

complex topography of the region. The existence of so many abandoned channels

and ridges, formed by ancient geologic events, produces the complicated drainage

patterns seen in the landscape. The looping and undefined stream paths discussed

in previous research as causing problems in watershed delinegtion are primarily

caused by these Pleistocene and Holocene-Modern geologic systems. Therefore,
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understanding these issues and ascertaining remediesin the digita delinegtion

environment is necessy.
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CHAPTER 3: DATA DESCRIPTION

3.1  INTRODUCTION
The procedures and research presented in this thesis focus on the
availability, detail and accuracy of the digital data utilized. This chapter describes
the datainvolved in ddlineating watersheds for a coastd environment in the
context of TMDL development. It dso displays the various digitad datalayers
collected as part of the geospatial database for each TMDL segment.
Additionaly, map projections are crucid in dealing with digital data. The more
prominent map projections used in thiswork are aso described.
3.2  DATA DESCRIPTION
Watershed ddlinegtion requires many forms of digita datasuch
streamlines and eevation data, as well as topographic information to ensure
accuracy of the data retrieved from public agencies. The following datasets are
described based on their use in the research presented:
* Nationd Hydrography Dataset
* TNRCC Water Quaity Management Segments
* Digitd Ragter Gragphic Maps
* Nationd Elevation Dataset
Then, the 44 different geospatid data layers requested by the TNRCC are listed

with accompanying metadata sources.
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3.2.1 National Hydrography Dataset

The core of any GIS in Water Resources gpplication is a surface water
drainage network. The framework of the network for this research liesin the
National Hydrography Dataset (NHD). The NHD is*acomprehensive set of
digita spatid data that encodes information about naturally occurring and
congtructed bodies of water, paths through which water flows, and related
entities” (USGS, 2000). This dataset holds base cartographic information in the
form of two types of datalayers, routes and regions, each with distinct ways of
representing the data. The “route’ layers encompass the linear surface water
drainage network and consist of the route.reach and route.drain themes.
Route.drain divides the network into the types of network features such as
sream/river, cand/ditch, artificia path, and pipdine. Route.reach dividesthe
network differently, defining numbered river reaches that can be used for linear
referencing. The “region” layers correspond to ared hydrographic waterbody
features. Region.wb contains the waterbody features such as sealocean,
lake/pond, reservoir and others. Region.reach contains those waterbodies that
represent waterbody reaches, reaches that delineste the boundary of specific
waterbody features, and are labeled with a Reach Code. More information about
the characterigtics and attributes of the NHD is presented in Appendix B in the
form of an interactive and educationd exercise. Figure 3.1 illustrates the various

data layers present in the NHD coverage.
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Figure 3.1 DatalLayersinthe NHD coverage

The NHD is derived from many sources, primarily Digita Line Grgph 3
filesand Reach File Verson 3 data. Digitd Line Grgph 3 (DLG-3) data

originates from USGS topographic maps and unpublished source materid. It

provides the designation and classification of the NHD line features, with the

exception of connectors and artificiad paths through waterbodies. DLG-3 datais
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digtributed in the UTM projection with the North American Datum of 1927 a a
scale of 1:100,000. Reach File Verson 3 (RF3) data was developed by the U.S.
Environmental Protection Agency (EPA) aso from 1:100,000 scde Digita Line
Graph data. RF3 data furnished the first classfication of reach codes and flow
direction on streamlines and positions of geographic names. The DLG-3 datawas
converted to features and merged with the RF3 data to build reaches (USGS,
2000).

The NHD is digtributed by hydrologic catadoging unit in geographic
coordinates. The horizontal datum used is the North American Datum of 1983.
Areas and Lengths were obtained from the Albers Equa Area projection. Any
€levation references are with respect to the Nationa Geodetic Verticd Datum of
1929 (USGS, 2000).

3.2.2 TNRCC Water Quality Management Segments

The watersheds delineated for this project correspond directly to a TNRCC
Water Quality Management segment, also known as a designated segment. The
procedure by which these segments are chosen is explained in Chapter 1. The
fina chosen segments arein the form of a unique identifier with a description of
the water quality issue and the location of the segment, found in Chapter 307:
Texas Surface Water Quality Standards (TNRCC, 2000). This description isthen
converted to adigita representation of the segment, which was used in this

research. The segments Signify ether a stream or awaterbody. A streamis
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considered “aflowing surface water feature such as ariver, creek, cand, or
navigation channd”. Narrow streams are characterized by a sngle centerline
while wider streams are displayed asthair right and left bank lines. Waterbodies
are defined as “ surface water features with aredl extent; i.e., lakes, reservairs,

bays, estuaries and a portion of the Gulf of Mexico” (TNRCC, 1999). Boundaries
are aso produced that indicate where multi- segment waterbodies such as
Galveston Bay separate into distinct segments (TNRCC, 1999).

Three main sources were used by the TNRCC to compile the TNRCC
Desgnated Stream Segments digitd datalayers. Using the description from
Chapter 307, theiinitid draft of the streams and waterbodies was extracted from
TIGER/Line 92 data. The TIGER line files were obtained from the U.S. Census
Bureau and were published in 1992. Missing spatia data was added to the
streams and waterbodies by digitizing the absent segments from Texas
Department of Transportation (TXxDOT) County Maps and U.S. Army Map Series
Map Sheets (TNRCC, 1999).

The designated stream segments layer has an accuracy based on the three
different scales of source dataused. The TIGER filesare at a1:100,000 scale, the
TxDOT County Maps are at a 1:63,360 scale and the U.S. Army Map Sheets are
at a1:250,000 scale. Therefore, the horizonta accuracy ranges between 32
meters and 127 meters. The water quality management segment data layer

obtained from the TNRCC isin the Texas State Mapping System (TSMYS)
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Lambert projection, described later in this chapter. Figure 3.2 showsthe TNRCC

designated stream segments for Basin Group C (TNRCC, 1999).

Basin Group C

Figure 3.2 TNRCC Designated Streams and Waterbodies
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3.2.3 Digital Raster GraphicsMaps

In comparing the TNRCC water quality management segmentsto the
NHD data, discrepancies were noticed. Additiondly, the coastal areas require
enhanced detail on occasion to capture the true nature of the surface water flow.
Digitad Raster Graphic Maps (DRGs) were utilized to provide this accuracy.
DRGs are scanned images of USGS topographic maps and display naturd and
congtructed features of the Earth’s surface. Naturd features include mountains,
valeys, lakes and rivers. Congtructed features include roads, boundaries, and
cands. Characterigtic of topographic maps are the contour lines that indicate the
three dimensiond terrain on atwo dimensiond surface (USGS, 1999). The
topographic map is scanned on a high-resolution scanner a aminimum of 250
dots per inch. The scanned image is then georeferenced to fit theoretical
Universa Transverse Mercator (UTM) coordinates based on the published map’s
graicleticks. Thefinished file, the DRG, is then compressed into about 8
megabytes as a TIFF image (USGS, 2000).

DRGs and topographic maps are available at many scaes. The scale used
for this research was 1:24,000, the equivalent of a 7.5-minute quadrangle map.
This scale corresponds to a ground resolution of 8 square feet per pixdl. The
DRG isdigributed in UTM projection with the datum of the source map, typicaly
NAD 1927. Theaccuracy of a DRG with respect to a paper topographic map is

approximately the same. Paper maps have error due to paper shrinking and
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dretching while the DRG contains error in the manua matching of the scanned
image to the control graticle ticks (USGS, 2000). Figure 3.3 displays an example
of aDRG used in this studly.

Figure 3.3 Digital Raster Graphics Map

In the author’ s experience of comparing the National Hydrography Dataset
to the Digitd Ragter Graphic maps, the NHD, while comprehensive, gtill neglects
to indude dl sgnificant streams, especidly important in such aflat area. In

generd, the NHD contains main stream stems but does not incorporate the minor
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tributaries of every river reech. Additiondly, many streamsin the NHD end
prematurely where the DRG indicates that the stream continues further in the
landscape. These issues were resolved through editing of the NHD to obtain a
more thorough network. A complete description of this procedure isfound in
Section 4.2.2.

3.2.4 National Elevation Dataset

Digitd eevation models (DEMs) are essentid to watershed delinestion
because gravity drivesflow. A DEM isaray of devation vauesfor the ground at
aregularly spaced interva (USGS, 1996). The DEMs used for this study were
obtained from the Nationd Elevation Dataset (NED). The NED isacompilation
of over 50,000 files of DEM data, merged into a seamless dataset with a
consgtent projection and datum. The projection of the distributed NED is
geographic coordinates with the North American 1983 datum. The elevation
values are referenced to the North American Vertica Datum of 1988 (USGS,
1999).

The DEMs used to assemble the Nationd Elevation Dataset are typicaly
produced from cartographic and photographic sources. Cartographic information
was gathered from maps of scale 1:24,000 through scale 1:250,000. The
topography found on the mapsis digitized and then interpolated to take the
standard grid format and spacing. Photographic information is processed into the

DEM format by manual and automated correlation. The elevations are gathered
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and these raw eevations are then weighted based on spot heights during an
interpolation process to achieve the matrix form and desired interva spacing
(USGS, 1996).

Because the NED is composed of various DEMS, thefind product
contains production artifacts and requires edge matching. Artifacts are removed
from the NED by a“mean profilefiltering” dgorithm which isolates dlevation
deviations which cause banding in the DEM. The data was then merged together
to form the 7.5 minute pands. Small pieces of datawere missing from the pandls,
and a bilinear interpolation dgorithm was employed to fill thesevoids. Any
discontinuity caused by merging two DEMs of different quality, scale or source
was rectified. Spikesin elevation were replaced by an interpolated vaue while
offsets were corrected by matching the DEM to fit along the edge and correspond
with the dope (USGS, 1999).

The NED has aresolution of 1 arc-second, or approximately 30 meter
interva spacing, leading to 30 meter cdls with unique eevation vaues. This data
is the most accurate currently available for the state of Texas. The NED is
retrieved in tile format, in which each tile name is the (x,y) coordinate of the
upper left corner of thetile. For example, the upper left corner of dem9530 is at
(95°W, 30°N). The devaion information is given in floating point meters;
however, for computation speed, the decimals were converted to integer by

multiplying by 100 to maintain accuracy. Therefore the eevation values shown
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in any subsequent figures are in centimeters. Figure 3.4 displaysthe NED in grid

form as 30 meter cdls aswell as the unique eevation vaues in matrix format.

1144 10865 10785 10567 10320 10477 10088 10142 10106

MEzs 11450 10874 0675 1436 10237 10061 10007 866

11333 11178 11911 10808 10564 10334  1MI®1 10077 9623
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Figure 3.4 Digital Elevation Model with point elevations

3.25 Geospatial Database Data Layers

As part of the contract with the TNRCC to ddlineate watersheds for the
water quality management segments in Basin Group C, ageospatia database was
compiled. The various datain the geospatid database is used in determining and
dlocating the TMDL, aswdll asfor adminidrative functions. The data layers
generdly pertain to four categories. hydrology (eg. TMDL segments, NHD,

Hydrologic Cataloging Unit boundaries), coverages (e.g. STATSGO and
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SSURGO soil coverages, land use layers, vegetation layers), point layers (eg.

discharge points, USGS gage locations, locations of hydraulic structures), and

political/munipal information (e.g. county boundaries, city boundaries,

trangportation networks). The purpose of this dataisto facilitate the Watershed

Action Plan used by the State in implementing the TMDL clearn+up activities.

Therefore, each of the datalayers exists as part of aregiona Basin Group C

database and in a geodatabase specific to each water quality management segment

watershed. Table 3.1 identifies the datalayers included in the geodatabase, their

source agency and the webdte at which they can be obtained or their metadatais

located.
Data Layer Sour ce Website
Agency
30 m DEM USGS http://edcnts12.cr.usgs.gov/ned/default.htm
30 m How Direction
Grid CRWR N/A
30mHow
Accumulation Grid CRWR N/A
Surface Water TNRCC www.tnree.state.tx.us/gismetadatal
Qudity Segments segments met.html
STATSGO soil NRCS www.ftw.usda.gov/gtat_data.html
coverage
SSURGO soil NRCS www.ftw.nrcs.usda.gov/ssur_data html
coverage
NHD USGS nhd.usgs.gov
Nati ondDLa?;d Cover EPA www.epagov/mrlc/nlcd.html
Municipa and
Indudtrid TNRCC www.tnrce.state.tx.us
Dischargers
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NWS Wesather EPA- :
Stations BASINS wwiw.epa gov/ost/basin
NWS Wesather Areas BEZ'IANS www.epa.gov/ost/basins
US(‘T_SO(I::;?\(/)\/nSage USGS tXxwww.cr.usgs.gov
Dam Locations TNRCC www.tnrce.gate.tx.us
County Boundaries TNRIS ftp://204.64.181.200/pub/Gl S/boundary/state
City Boundaries TNRCC www.tnree.gate.tx.us
TXDOT State-
Maintained TNRCC www.tnree.state.tx.us
Roadways
Mgor Highways TNRCC www.tnrce.gate.tx.us
TexasMgor Roads | TNRCC www.tnrce.state.tx.us
Hydrologic EPA JOST/basins/metadatal
Cataloging Unit - www.epa.gov/OS] ns/metadat
. BASINS hydunitshtm
Boundaries
w&m;ged Data EPA- WWW.epa gov/OST/basingmetadatal
: BASINS wdm.htm
Sations
F\);val ic Drinking www.tnrce. gate.tx.us/gismetadatal
ater Supply TNRCC ot hirm
Locations PWSS_MeLntm
Surface Water
Qudity Monitoring TNRCC www.tnree.state.tx.us
Sations
'I\'n?/“efggrysgd;i‘(‘fn;t s | WwW.epagov/OST/basing/metadatains him
Superfund (National EPA- www.epa.gov/OST/basing/metadatal/
Priority List) Stes BASINS cerclishtm
Toxic Release EPA- : -
Inventory Sites BASINS www.epa.gov/OST/basing/metadataltri.ntm
Federa and State
Congressiond TLC ftp://ftpl.capitol sate.tx.us'research/ftp/pub
Didtricts
Nationd Climetic
Data Center (NCDC
Precipit atiogl Gage) NCDC www.ncdc.noaa.gov
Locations
Solid Waste Landfill TNRCC www.tnree.date.tx.us/'gis'metadatal
Locations landfill_met.html
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Council of

Government TNRCC www.tnree.state.tx.us
Regions
R%J rrtftsacgix;astign TNRCC Www.tnrcc.st_ate.tx.us/gis/maadata/
Points watright_met.html
, EPA- www.epa.gov/OST/basing/metadata/
Ecoregions BASINS ecoreg.htm
TNRCC Service TNRCC www.tnree.gate.tx.us/gismetadatal
Regions regions met.html
TNRCC ClassB
Land Application TNRCC www.tnrec.state.tx.us
Sites
g_:g';;%éﬂgﬁgge TNRCC vv\MN.tnrcc._state.tx.uslgi Smetadatal/
Sites pihw_met.html
Aquifers TWDB www.twdb.state.tx.us/data/ Gl Sgis toc.htm
Vegetaion Layer WetNet www.glo.gtate.tx.uswetnet
Air Quality TNRCC www.tnree.state.tx.us/gismetadatal
Monitoring Stations armon_met.html
TIGER files TNRCC www.tnrec.statetx.us

Table 3.1 Geospatial Database Data Layers

The acronyms of the source agenciesin Table 3.1 refer to Center for Research in

Water Resources (CRWR), United States Environmental Protection Agency

(EPA), U.S. EPA Better Assessment Science Integrating Point and Nonpoint

Sources (EPA-BASINS), National Climatic Data Center (NCDC), Natura

Resources Conservation Service (NRCS), Texas Legidative Council (TLC),

Texas Natura Resource Conservation Commission (TNRCC), Texas Natura

Resources Information System (TNRIS), Texas Water Development Board

(TWDB), United States Geologica Survey (USGS), and Texas Wetland
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Information Network (WetNet). The flow direction and flow accumulation grids
were created at CRWR and are not available on the Internet.

Once these data layers were collected and the watersheds delinested, the
datawas clipped by the find watershed boundaries to participate in the regiona
and individua geodatabases. Section 4.7 discusses the clipping procedure.

3.3  MAPPROJECTIONSAND COORDINATE SYSTEMS

Digitd dataessentidly replicates paper maps, a two-dimensond
representation of the earth. To accurately transform the curved shape of the earth
to two-dimensional space, map projections are used. Many map projections exist
with corresponding advantages and limitations. The Albers Equal Area projection
retains correct earth surface areas that are important for hydrologic applications.
Locd angles and correct shape are maintained when using the Lambert
Conformal Conic projection. These are both conic projections that more truly
characterize East-West land areas than North-South areas. The data presented in
thisresearch isin the Albers Equal Area projection (Maidment, 1999).

In addition to map projections, coordinate systems differ between digital
data sources. A coordinate system isthe (x,y) location system for the map. Three
different coordinate systems were used in conjunction with map projections for

this project.



3.3.1 Texas State Mapping System

In 1992, the Department of Information Resources (DIR) and the Texas
Geographic Information Council (TGIC) adopted a standard statewide coordinate
sysem for dl digitdl datarelating to Texas (Shackeford, 2000). The coordinate
system parameters were designed to portray a statewide coverage of Texas
without any gaps and with a pleasing shape. The coordinate systemn, named the
Texas State Mapping System (TSMYS), isa Lambert Conforma Conic projection
inwhich standard pardlels are located a 1/6 from the top and bottom of the state.
An Albers Equa Area projection was derived from the TSMS Lambert projection
for hydrologic applications (Maidment, 1999). The parameters of TSMS Albers
aeshownin Table3.2. Mog of the dataiinitialy retrieved for this research came

inthe TSMS Albers or Lambert projection.

Projection Albers Equd Area

Centra Meridian (Longitude of Origin) -100 00 00
Reference Latitude (Latitude of Origin) 311000
1% Standard Paralle 272500
2" Standard Paralld 3455 00

Fase Eagting 1,000,000

Fase Northing 1,000,000
Daum NAD 83
Units Meters
Ellipsoid GRS 80

Table 3.2 TSMS Albers Projection Parameters
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3.3.2 TexasCentric Mapping System

Ingpection of the TSMS Coordinate System reveds that the parameters are
not exact decimal coordinates and can be hard to work with. In April 1999 the
Statewide Mapping Work Group of the DIR and TGIC again convened to
determine a new statewide coordinate system. The new system was designed to
overcome the hasdes inherent in the TSVIS system while remaining as
cartogrgphicaly sound asthe former sysem. The Statewide Mapping Work
Group proposed the Texas Centric Mapping System (TCMS) in both Lambert
Conformal Conic and Albers Equa Area projections with more workable
parameters (Shackelford, 2000). The TCMS System was adopted by the TGIC in
May 2000 and its use has become encouraged for data ddliverables for state
funded projects. Therefore, the data handled and produced by thisresearchisin

the TCM S Albers Equa Area projection. The parameters are shown in Table 3.3.

Projection Albers Equa Area

Centra Meridian (Longitude of Origin) -100 00 00
Reference Ltitude (Latitude of Origin) 18 00 00
1% Standard Paralle 273000
2" Standard Paralldl 3500 00

Fase Eagting 1,500,000

Fase Northing 6,000,000
Daum NAD 83
Units Meters

Table 3.3 TCMS Albers Projection Parameters
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3.3.3 Universal Transverse Mercator

The Digitd Raster Graphics maps mentioned in Section 3.2.3 are
displayed in the Universa Transverse Mercator (UTM) coordinate system. This
coordinate system is composed of zones where each zoneis 6° wide and has a
central meridian. These zones go from pole to pole and cover the earth from East
to West. Basin Group Cislocated in Zone 15. The parameters of UTM Zone 15

areshownin Table 34.

Projection Transverse Mercator
Centra Meridian (Longitude of Origin) -9300 00
Reference Latitude (L atitude of Origin) 000000
Scale Factor 0.9996
Fase Eadting 500,000
Fase Northing 0
Datum NAD 83 or NAD 27
Units Meters
Ellipsoid GRS 80

Table 3.4 UTM Zone 15 Projection Parameters

3.4 CONCLUSION

Investigation into the data used in this research is essentid to perform any
manipulaion or procedures. The production of the information is useful in
determining scae and accuracy, while the projection furnishes the knowledge of
how to view specific data with respect to other layers of data. These digital layers
are gathered then manipulated and processed as described in the following
chapters.
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CHAPTER 4: PROCEDURE

4.1  INTRODUCTION

GIS usersin Water Resources have developed a genera procedure for
delinesting watersheds using severa types of digita data Many of these sepsare
universa; however, variations occur in the process because of the flat nature of
the area. The methods outlined here contain both universal routines and specific
tasks performed for this research. Most of these unique practices are with respect
to the TNRCC water quality management segments, both river reach and
particularly waterbody. The first step presented is building a surface water
drainage network to represent the flow inthe area. Next the TNRCC segments
are distinguished in the network. A discussion about the definition of awatershed
and its gpplication to awaterbody is then presented. Terrain analysis follows with
two distinct procedures dependent upon the type of waterbody watershed desired.
Thefina efforts serve to present the watersheds more redigticaly, regardless of
which type of waterbody watersheds were chosen. Once the watersheds are
determined, the geospatial databases are compiled. The data layers presented in
this chapter, capitdized and itaicized, can be quickly referenced in Appendix E,

which gives a brief description and itsinitia location in the text.
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4.2  BUILDING A DRAINAGE NETWORK
4.2.1 Manipulating the NHD Data

The drainage network of the areawas built using the route.reach data layer
within the NHD coverage of the Nationad Hydrography Dataset (NHD). Because
of the flat nature of the coastal region, many canals and ditches exist which add
complexity to the surface water system. These marn made water channdsform
many complicated loops in the flow network. A decision was made with the
TNRCC initidly to ignore these channd's and loops and use an entirely natural
stream network. Therefore, the canal/ditches were to be eiminated from the
origina network. Figure 4.1 displays the complicated surface water network from

the route.drain data layer with the cands to be diminated in green.
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Figure4.1 NHD route.drain layer for the San Jacinto-Brazos Coastal Basin

To achieve the amplification of this network, the route.reach and
route.drain layers were both sudied. Before any processing could occur,
additional fields were added to both reach layers, route.reach and region.reach
(the aredl fegtures), to be used in computations. The reach code field (Rch_Code),
which houses the unique identifier for any reach, isagring. The
ArcView/Arcinfo sysem will not retain this string field as the identifier when
performing functions. Therefore, afidd (RchCodeNo) was added and caculated
as Rch_code. AsNumber to convert the string field to anumber field. Then afied

was cal culated as an abbreviation of the reach code (RchCodeAbv) because
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ArcView will only process numbers less than 1000000. By subtracting the HUC
(hydrologic unit code) number followed by six zeros from the RchCodeNo field,
the reach number isleft. For example: the Rch_code of areachis
12040203000149. The RchCodeAbv fidd is caculated as “[RchCodeNo] —
12040203000000", resulting in avaue of 149. When usng multiple HUCs for a
basin, asin this case, care mugt be taken in retaining a number that implies which
HUC areach originated in and avoids duplication of Reach Code abbreviations.
The method used was to add in a unique number representing each HUC,
multiplied by 100000, to the RchCodeAbv fidd when cdculated. Table4.1 lists
the HUCsin Basin Group C and their corresponding distinct identifiers.
Therefore, in HUC 12040203, reach number 0000149, the abbreviation was

300149. Figure 4.2 illudtrates the fields added and the results from these

cdculations.
HUC No. Basin Unique I dentifer
12040201 Neches-Trinity 1
12040202 Neches-Trinity 2
12040203 Trinity-San Jacinto 3
12040204 San Jacinto-Brazos 4
12040205 San Jacinto-Brazos 5
12040101 San Jacinto 6
12040102 San Jacinto 7
12040103 San Jacinto 8
12040104 San Jacinto 9

Table4.1 HUC Identifier Convention
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RCH_CODE RCHCODENO RCHLCODEABY
H{ 1204020500007 1204020500007 500071
1{12040205000327 12040205000327 500327
1 12040205000326 12040205000326 500326
1{12040205000530 12040205000530 500530
12040205000437 12040205000497 500497
i 12040204001102 12040204001108 | 401108
1 1204020500005 120402060000539 5000539
12040205000328 12040206000323 500328
12040208000323 12040206000323 500323
H{12040205000322 12040206000322 500322
1| 12040205000058 12040205000053 500053

Figure 4.2 Reach Code field calculations

To diminate the cana/ditches from the network, the route.drain layer was
queried using the Ftype fied for a dataset containing all types of features except
cana/ditch. With these festures sdected, the route.reach layer was made active
and using select by theme, dl the features of route.reach that “ have their center
in” the selected features of the route.drain layer were chosen. These reaches were
converted into anew theme. Thisresult isthe natura stream network seenin
Figure 4.3, the starting point for the drainage network to be used. An dternate
procedure to obtain the natural stream network isto join the attribute tables of
route.drain and route.reach. The route.drain table acts as the source table with the
“Rch_com_id” field and route.reach acts as the destination table with the
“Com_id" fidld. Then, the Ftype attribute is transferred to the route.reach dataset

whilethetablesarejoined. A query was then made for al types of festures
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except cand/ditch. Again, the naturd stream network is the selection, as seenin

Figure 4.3.

Figure 4.3 Natural Stream Network for the San Jacinto-Brazos Coastal Basin

4.2.2 Editing the Network

Further accuracy and detail was obtained in the surface water network with
manud editing. The main tool used for editing was the Digitd Raster Graphic
maps (DRGSs). The drainage network was placed over these maps and compared
for discrepancies. Many types of incongstencies occurred:  tributaries that were

not attached to the main stream, dangling streams that are not connected to the
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network at dl, streams running through land not seen on the map, and gapsin the
network. Additionally, some loopsin the network were noticed with the
comparison to the DRGs. Also, the TNRCC water qudity segments were
overlaid on the network to ensure correlation between the NHD and the segment
location. Any conflicting locations were resolved by studying the DRGs.

These manua corrections were incorporated into the network mainly by
vertex editing or merging reaches not present in theinitial selection back into the
network. These methods maintained the integrity of the attributes that accompany
the NHD. Vertex editing employsatool in ArcView in which alineis reshgped
by moving, adding or deeting vertices (ESRI, 1998). The dtributes of the line
remain the same, but the shape changes. Figure 4.4 shows the stepsinvolvedin
vertex editing of thered line. An hollow arrow indicates the tool, which changes
to acrosshair over avertex. Holding down the left mouse button over the vertex
alows the vertex to be moved to the new desired location. This editing feature
was mainly used to move parts of a stream over the location shown on the DRG.
The Geoprocessing Wizard was used to merge canads origindly eiminated from
the network back into the network once the DRGs were consulted for their

sgnificance.
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Figure4.4 Vertex Editing (ESRI, 1998)

In other editing Stuations, a new line was drawn in by hand and lacked any
associated property information. 1solated reaches, random streams not connected
to any main stem, were dso diminated during this process.

The find network was then “cleaned” in Arclnfo to ensure the
connectivity. The clean command creates an output coverage with correct
polygon or arc-node topology. It searchesfor and corrects any geometric
coordinate errors and then builds arcs or polygons with feature attribute
information (ESRI, 2000). The form of the command is as follows (note — names
indl capita |etters are user- pecified data names):

Arc: clean NETWORK NETWORK_CL 0.000001 0.000001 line
inwhich NETWORK isthe finad network and NETWORK _CL isthe product of the
clean function. The 0.000001 values represent recommended vaues for the
dangle length and the fuzzy tolerance, respectively. The dangle length isthe
minimum length alowed for dangling arcs in the dleaned coverage. A dangling
arcisan arc with the same identifier on the left and right Sdes of an intersection,

and ends with a dangling node. Dangling nodes are described in the next
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paragraph. The fuzzy tolerance is the minimum spacing between arc verticesin
the cleaned coverage (ESRI, 2000). Lineindicates what type of output coverage
isdesred, line or polygon. In thiscase, aline network was necessary; however,
later in this chapter the clean command was performed on polygons and the
“poly” parameter was chosen instead.

After cleaning, the cleaned network must be checked for dangling nodes,
which indicate stream connectivity. Linesor arcs are determined by a set of
vertices and nodes. The nodes are the endpoints of the arc. Arc-node topology is
correct when al arcs share nodes. Three different types of nodes exist: normd,
pseudo, and dangling. Normal nodes connect endpoints of multiple arcs. Pseudo
nodes connect the end of one arc to the beginning of another. Dangling nodes do
not connect to any other node. Dangling nodes at can frequently occur through
the network editing process when arcs are added. Many times, an arc would be
added to the network, but not connected to another vertex or node; therefore, the
endpoint of that arc would be dangling, ruining the arc-node topology. The
method used in this study to check the stream connectivity employed the ArcView
3.2 project file “wrapl117.gpr”. Inwrapl117.5pr, tools named “ Show Dangling
Nodes’ and “Erase Interior Dangling Node” are present. Withthe* Show
Dangling Nodes’ tool, the dangling nodes in the current view are found and
indicated by ared point. Each node can be looked a specificdly, and if

appropriate, the “Erase Interior Dangling Node” tool can be used. Thistool splits
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the original arc at the intersection and creates anormal node in its place
(Hudgens, 1999). A more thorough explanation of the clean function, dangling
nodes and wrapl117.apr can be found in Geospatial Data in Water Availability

Modeling by Bradley Hudgens at http://www.crwr.utexas.edu/reports/1999/rpt99-

4.shtml.

Anillugraive example of editing is provided below. Figure 4.5 shows
three types of edits that were made to the network. The orange reaches represent
streams that were added to the network. First, the stream on the top wasamain
cand path that was conddered sgnificant after visua ingpection and thus was
added back to the network by merging. Second, the middle tributary was not
connected to the main stream stem in the NHD. The DRG indicated that they
were indeed connected to the main flow path and vertex editing corrected this
eror. Lastly, the orange reach on the bottom was added to the network to
maintain congstency with the TNRCC water quality management segment (the
dashed purple ling). The DRG confirmed that a stream was present and it was

manualy added to the network.
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Figure 4.5 Editsto the network in the Neches-Trinity Coastal Basin

4.2.3 Determining Water bodieson the Networ k

In addition to streams, the surface water drainage network is aso
comprised of waterbodies such as lakes, ponds, wide streams and reservoirs.
Other waterbodies of interest may be bays or oceans that abut the region being
consdered. In someinstances, these waterbodies are incorporated into the
drainage network to be used for watershed delinegtion. The study areafor this
research focuses heavily on the waterbodies with water quality issues such as bays

and estuaries dong the coastline and specific lakes. These waterbodies were
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provided as part of the TNRCC water quality management segment coverage.
Other waterbodies on the network can be determined from the NHD region.reach
datalayer.

From the region.reach layer, features were selected by theme that “contain
the center of” the stream network previoudy described and constructed. This
selection captured all of the lake/pond waterbodies that are considered
“ggnificant” and which lie on an NHD artificid path. The term sgnificanceis
defined in Appendix E of The NHD Concepts and Contents (USGS, 2000). For
“indgnificant” lake/pond features, those less than 10 acresin area, no separate
atificid path is ddinegted in the NHD. Therefore, this methodology for
determining lake/pond waterbodies on the network aso ignored “insgnificant”
waterbodies. Figure 4.6 displays the waterbodies that accompanied the water
quality management segments as well as the selected |ake/ponds of the NHD for

the Trinity- San Jacinto Coastal Basin.
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——  Drainage Metwork
Water Quality Management Waterbodies
|  Black Duck Bay
Burmet Bay
Gahveston Bay
Scoftt Bay
u Tabbe Bay

Triniey Bay
MHD Region.reach

Figure 4.6 Waterbodies on the Suface Water Drainage Network in the Trinity-San Jacinto Coastal
Basin. Lake/Ponds selected from the NHD Region.reachin yellow.

43  WATERBODY WATERSHEDS

A watershed istypicaly defined as “the naturd unit of land upon which
water from direct precipitation, snowmelt, and other storage collectsin a (usualy
surface) channe and flows downhill to a common outlet a which the water enters
another water body such as a stream, river, wetland, lake, or the ocean” (Black,
1991). Furthermore, many hydrologists believe that “ unless awatershed

discharges directly into the ocean, it is part of one that does, and may be referred
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to as asubwatershed” (Black, 1991). While this definition applies to most land-
surface water interactions, it neglects the portion of the watershed that isnot a
“subwatershed”, the portion of the watershed that does drain directly into the
ocean without collecting in any defined channd to arrive there. Inthistheds, this
areaisreferred to as the waterbody watershed. Thisterm relatesto all
waterbodies: lakes, reservoirs, and most importantly, bays, estuaries and oceans.
Its definition derives from the following definition of the watershed, “the area of
land draining into a stream at agiven location” (Chow et al., 1988). Rather, a
water body water shed isthe area of land draining into awaterbody at any given
location, not limited to asingle outlet point. This definition isillusrated in Figure
4.7, which shows the watershed for the waterbody Tabbs Bay, TNRCC segment
#2426. Theareain green isthe area of land that drains into Tabbs Bay without
draining into any other channelized TNRCC designated stream segment. From
this evaluation, a generd watershed definition can be concluded. A watershed
can genericaly be defined as an areathat drainsto a set of water features. This
definition considers the accepted view of awatershed, which drainsto a point,

and the consideration of awaterbody watershed that drainsto aline or area.
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Figure 4.7 Initial Waterbody Watershed Definition

This definition refers specifically to the area of land that drainsinto the
waterbody. It isimperative to so consder the waterbody itsdf and its
contribution to the watershed. A waterbody is defined genericdly as“any
collection of water, whether it be on the surface or below the weter table” and
these water collections are then partitioned into “ground water storage” or
“depression storage”’ for surficid waterbodies (Black, 1991). Because the
waterbody provides storage for the runoff and could be included as a depression
land feeture, there is an argument for the incluson of the waterbody in the
waterbody watershed. Any rainfal that falls on the waterbody does add to the

water stored and supplies additiona water to the flow from that waterbody.
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Therefore, another definition for awaterbody watershed ensues. “the area of land
draining into awaterbody at any given location and the waterbody itsdf”. This
definition further paralds the definition for aweatershed of a stream as the stream
itsdf isincluded in itswatershed. Figure 4.8 displays the waterbody watershed
for Tabbs Bay that doesinclude the bay.

Figure 4.8 Waterbody Watershed for Tabbs Bay, including the waterbody itself
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4.4  CREATING THE OUTLET GRID

Traditiondly, watersheds are delineated from outlet grids conssting of
outlet points. These outlet points are the most downstream points of interest
aong astream for which it is desired that a drainage area be assessed, as
mentioned in the first watershed definition presented above. Typicdly, they are
determined through DEM terrain andysis that is described more thoroughly in the
following section.

In this study, drainage areas were assessed for entire lines and aress,
representing the TNRCC water quaity management segments of streams and
waterbodies. Therefore, the outlet grid, rather than being points, conssts of zones
of cels. The difference between the outlet grids can be seen in the trandation

between vector and raster datain Figure 4.9.

Vectar «——» Raster

Point @ 121

Line — EEEEE

Zones of Cells

Folygon

Figure 4.9 Vector-Raster Data Translation (Maidment, 1999)
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The outlet grid was created by selecting the segments, both river reach and
waterbody and merging their respective grids together. But before the two types
of segments were converted to grids, the river reach segmentshad to lie
coincident with the surface water drainage network. This correspondence was
necessary for correct flow direction to be established in the DEM. To accomplish
this god, the river reech segment numbers were manudly input into a new fied
named “SegmentNo” of the appropriate reaches in the surface water network.
Figure 4.10 illugtrates the river reach segments and the corresponding network
selections with the segment number as an attribute for the San Jacinto River

Basn.
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Figure 4.10 Network Reaches that coincide with a TNRCC management segment are attributed
with that segment number

Once the segments are located on the network, the outlet grid, indicating
the locations for watershed delinestion, was created. Firs, the reachesin the
network that comprised a segment were selected and converted to agrid. Second,
the aredl features that represented segments, e.g. lakes and bays, were converted
to agrid of the same extent. Both grids carried afield that contained the segment
number that uniquely identified the outlet cells as the converson field. Next, the
grids were merged in Arclnfo Workgtation Grid using the following command:

Grid: OUTLETGRID = merge (POLYSEG GRID, REACHSEG GRID)
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inwhich POLYSEG_GRID wasthe grid of the lakes and bays and
REACHSEG_GRID wasthe grid of the reach ssgments. The POLYSEG_GRID
took precedence over the REACHSEG_GRID to minimize any overlgoping
between the reaches and the areas. Figure 4.11 shows the outlet grid for the entire

Basin Group C. With thisoutlet grid, the watersheds were delinested.

1200 - 1299
2400 - 7409

0 . T
i 1100 - 1199

Caitlat Frid
800 - 553
500 - 2583

500 - 59

500 - GES
E 00 - 959
1000 - 1009
[ Mo Dt

Basin Groug o
Figure4.11 Outlet Grid for Basin Group C

45  DELINEATING WATERSHEDSEXCLUDING WATERBODIES
Thisthes s thoroughly studies the watersheds of waterbodies such as

Tabbs Bay in Section 4.3. Procedures are outlined for the watershed ddlineation
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seps that ded with the definition of awatershed presented in literature and carries
over to the different types of waterbody watersheds described. Watershed
delineation procedures are presented for waterbody watersheds that exclude the
waterbody. The TNRCC requested waterbody watersheds that include the
waterbody itself, and the changes in the procedure are then offered.
45.1 Preparingthe DEM for the Area of Interest
Theinitid sepsto delineste watersheds involve preparing the Digita

Elevation Modd (DEM) for processing. Thefirgt of these actionsisto obtain the
relevant DEM tiles from the Nationd Elevation Dataset (NED) and merge them
together. Next, the DEM was projected from its original geographic coordinates
to the appropriate projection, TCM S Albers. The study area outline was then
buffered by 10 kilometers to incorporate the surrounding drainage features that
may influence the drainage paths within Basin Group C (BUFFER). This
buffered outline was used to clip the DEM to asmaller extent. These tasks were
al carried out in Arclnfo Workgtation using the following commands:

Arc: grid

Grid: DEM_GEO = merge (DEM9530, DEM9531, DEM9630, DEM9631)

Grid: quit

Arc: project grid DEM_GEO DEM_ALB GEO2ALBERSTXT

Arc: shapearc BASNGRPC BASNGRPC

Arc: build BASNGRPC

Arc: buffer BASNGRPC BUFFER # # 10000 #

Arc. grid

Grid: setwindow BUFFER BUFFER

Grid: setcell 30
Grid: CLIPDEM = selectpolygon (DEM_ALB, BUFFER, inside)
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Thefile GEO2ALBERS.TXT isa projection file included in Appendix C. The

study area outline, buffer and the two DEMs are shown in Figure 4.12.

Figure4.12 DEM for the Basin Group C study area

4.5.2 Conditioningthe DEM for Negative Values

Ingpecting the DEM for Basin Group C, negative devation vaues, to a
magnitude of 5.72 meters, were noticed. These values are present because of the
congtruction method of the DEM. The devation modes are developed from
contour maps and interpolation between the contours as detailed in Section 3.2.4,

which probably lead to the negative values. DEM processing in Arclnfo/ArcView
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does not handle negative eevation vaues, therefore, these measures were
corrected. The modification was made using the condition command in Arcinfo
Workstation in which a conditiond statement determines the new vaue of the
elevation cdl. Thefollowing command line was used:

Grid: DEM_CON = con (CLIPDEM > 0, CLIPDEM, 0)
in which any cdll with avaue less then zero was replaced with zero and dl cdls
greater than zero retain their origind vaue. Figures 4.13(a) and 4.13(b) illustrate
the negative va ues a the coastline of San Jacinto River asan example. The
origind and conditioned DEM are both displayed, with the evation vauesin

centimeters.

ClipDEM
CJ-572--1
Bl
_1-1138
[ 1200- 2370
= 2071 - d741
I 4742- 6512
B G513 6203
I Go- 1005
B 10055 - 11825
| RCE IR
B 3507 15360
[__| N Coata

Figure4.13(a) Negative Values of the DEM
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Figure4.13(b) Zero Vauesinthe DEM

4.5.3 Formatting the Ocean of the DEM

Asnoticed in the DEM in Figure 4.12, eevation vaues exis in the modd
where the ocean is present. If the waterbody watershed is not to include the
waterbody in the ocean, the DEM should contain NO DATA vauesin that area.
Then, that areawould not participate in watershed delinestion and would be a
stopping point for flow through the network. Severa steps were necessary to
implement this format into the DEM.

First, adatalayer containing the polygons of the SealOcean features from
the NHD was made. The Region.wb data layer was queried for an Ftype of
Sea/Ocean, and that selection was exported to anew data layer. The new data
layer, SEAOCEAN, was then clipped by the BUFFER using the Geoprocessng

Wizard. Inthisclipped datalayer, anew fidd was added named “Vaue’ which
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was populated with zeros. The analyss extent and cell Sze were set to the
DEM_CON and the clipped Sea/Ocean data layer was converted to agrid with
the“Vdue' fidd asthe grid-code, SEAGRID. In Arcinfo Workstation Grid, the
isnull function was used on the new grid. Thisfunction returnsavadueof ‘1 if
the input cel valueisNODATA ad ‘0 if itisnot NODATA. Inthiscase, the
output grid GRIDCALC1 contained vaues of zero where the SealOcean was and
vaues of one everywheredse. The Arclnfo Workstation commands for this
function are asfollows:

Grid: setwindow DEM_CON DEM_CON

Grid: setcell 30

Grid: GRIDCALCL1 = isnull (SEAGRID)

At this point, the andysis extent and cell Sze were st to the extent of
GRIDCALC1 and amap caculation was performed, dividing GRIDCALCL1 by
itsdf, GRIDCALC1/GRIDCALCL. Thisoutput grid GRIDCALC2 contained
NODATA vaues where the SealOcean existed and values of one elsewhere.
Lastly, the origind DEM, DEM_CON was multiplied by GRIDCALC2 which
resultedin FORMAT_DEM. FORMAT_DEM retained the origind eevation
vauesin dl cdlsnaot in the SealOcean and replaced the SealOcean eevation
vaueswith NODATA, the desred result. Therefore, this DEM, shown in Figure

4.14 with the SEAOCEAN data layer laid on top of it, was used to delineste

watersheds.
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Figure 4.14 DEM formatted based on SeaOcean location

4.5.4 Processingthe DEM

The next step in delineating watersheds was burning the stream network
into the DEM. By burning in the network, the flow was forced to accumulae in
the determined stream paths from vector hydrography rather than DEM derived
atificid gream paths. Burning in the network congsts of raising the DEM
around the stream path by a predetermined constant amount, therefore creeting
canyons where the water will flow into and not exit. The burn streams process

conssted of converting the edited stream network to agrid of single cell strings,
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assigning the DEM vaues to those cells, then adding afixed vaueto dl off-
stream cellsin the DEM (Saunders, 1999).

The network creation process was described earlier; however, this network
was just for the study area consdered. Similar to the DEM extent, the network
must aso be enhanced by including the drainage features for 10 kilometers
outside the basin group boundary. Networks for the adjacent basins were
obtained, either from other projects being studied at the Center for Research in
Water Resources or from the National Hydrography Dataset. Networks from the
NHD were manudly created using the process described. These additional
networks were merged to the base network using the Geoprocessing Wizard.

The coastd nature of the sudy area presented a variation in the procedure
of burning in the network. Typically, the network would be burned directly into
the DEM without further ateration. However, the coastline was characterized by
streamsin the network. The coastline would be included a second time because
the waterbody aong the coast was part of the outlet grid. The double
representation would lead to confusion if the coastline and the TNRCC waterbody
were not exactly coincident. To diminate the posshility of this conflict, the
coadtline was deleted from the network to be burned into the DEM. In
conjunction with removing the coastlines from the network, any tributary draining
into the coast was extended past the coastline into the waterbody. Guiddines for

integrating vector hydrography into a DEM specify that drainage paths to be
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burned in must extend to the edge of the corresponding DEM or open water in the
case of coastal watersheds (Saunders, 1999). By extending the tributaries, the
correct drainage path was ensured because the tributary would not stop short of

the waterbodly itself. The network to be burned inisillustrated in Figure 4.15.

Figure 4.15 Network to be Burned In to the DEM

Using CRWR PrePro, an ArcView preprocessor that extractsinformation

from digitd spatid data or Arclnfo, the merged network was burned into the
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DEM, in which the landscape was raised by 200 meters (Olivera, 1999). The
incresse in eevation must be greater than the highest point in the origind DEM.
The remainder of the DEM processing takes place in Arclnfo Workstation.
The burned DEM, BURN_DEM, was then filled and the flow direction was
cdculated. Findly, the flow accumulation grid was computed.
Filling the DEM congsts of removing pitsin the landscape. Technicaly,
it “fillssnks or levels pesks in a continuous grid to remove small imperfectionsin
thedata’ (ESRI, 2000). Sinks arefilled in order to ensure that the derived
drainage paths are continuous. Figure 4.16 exemplifies the process of filling Snks

in Arclnfo.

Before Filling After Filling

Figure 4.16 Filling Sinks (ESRI, 2000)

The flow direction function “creates agrid of flow direction from each cdll
to its stegpest downd ope neighbor” (ESRI, 2000). The convention followed in

computing flow direction uses the Eight Direction Pour Point Method. With this

76



method, an integer vaue is assigned to each of the eight surrounding neighbors of
acdl. The cdl with the stegpest drop from the center cdll isthe direction of flow,
and the center cdll is assigned the integer code associated with the flow direction.

Figure 4.17 displays the integer flow direction convention.

32 | 64 | 128
.
16*_:_ﬂ.1
g“1 4 |2

Figure 4.17 Eight Direction Pour Point Model convention

With aflow direction grid, aflow accumulation grid can be calculated.
The flow accumulation function “creates a grid of accumulated flow to each cell,
by accumulating the weight for al cdls that flow into eech downdope cdl”
(ESRI, 2000). It basicdly keeps arunning total of how many cdls are draining
into acell of interest. The flow accumulation can be used to find derived siream
paths by following cells with aflow accumulation above a gpecified threshold.
Figure 4.18 displays the trangtion from DEM to flow direction grid to flow

accumulation grid.
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Figure4.18 Flow Direction and Flow Accumulation Grid Functions (ESRI, 2000)

Once these intermediate grids are calculated, the watersheds were

delineated using the water shed function, which calls for the flow direction grid,

FDR, and the outlet grid. The outlet grid, OUTLETGRID, was created based on

the method described earlier. With these grids, the watershed function

“determines the contributing area above a set of cdlsinagrid’, the outlet grid

(ESRI, 2000). Theflow direction function tells the direction of flow from one

cell to ancther, until those cellsreach acdl in the outlet grid. The following
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Arclnfo Workstation commands were used to perform the watershed delineation
process:

Arc: grid

Grid: setcell 30

Grid: setwindow BURN_DEM BURN_DEM

Grid: fill BURN_DEM FILL_DEM ## FDR

Grid: FAC = flowaccumulation (FDR)

Grid: WSH_GRID = watershed (FDR, OUTLETGRID)

Grid: quit
455 Post-Processing the Water sheds

The watershed function yielded watersheds in grid form, WSH_GRID,

with the grid-code equaling the appropriate segment number. These watersheds
were converted to polygons using the gridpoly command, with the result of
watersheds as polygons, WSH_POLY. However, this coverage had spurious
polygons and sharp edges aong the coastline where the grid cdll Size was
inadequate for the intricacy of the coast. In order to smooth the edges and
maintain the correct shape aong the coast, the SEAOCEAN data layer was used
again. The erase command in Arclnfo trims the overlgpping area between the
input coverage, watershed coverage WSH_POLY and the erase coverage, the
SEAOCEAN coverage. The result was trimmed, more accurately shaped
watersheds, SMOOTH_WSH. Figure 4.19 illustrates the jagged edge of the
origina polygon watersheds and the smoothed edges of the manipulated
watersheds, achieved by using the erase command. The following Arcinfo

Workstation commands were used to perform the process:
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Arc: gridpoly WSH_GRID WSH_POLY
Arc. erase WSH_POLY SEAOCEAN SMOOTH_WsH

l:] Sealcean
B =mocth_ish
[ JwshPoy

Figure4.19 Smoothed Watershed Boundary using Erase Command

Significant idands presented a complication in smoothing the edges of the
watersheds. The SEAOCEAN coverage had to be cleaned before it could be used
properly in Arcinfo. During the cleaning process, polygon features were crested
as part of the SEAOCEAN coverage where the idands were located. Therefore,
during the erase command, the idands were also erased with the jagged coastline.
In order to maintain both the idands as part of the origina watersheds and the
smoothed coastlines, afew additiona steps were taken. First, theidand was
selected from the cleaned SEAOCEAN coverage and converted to anew coverage,
ISLAND. Then, theidand was dipped out of theinitid WSH_POLY coverage

using the Arclnfo Workstation command:
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Arc: clip WSH_POLY ISLAND ISLAND_WSH.

The output, ISLAND_WSH, was merged with the smoothed watersheds
using Geoprocessing Wizard to yield FINAL_WSH. These datalayers are
exemplified in Figure 4.20 of the Bolivar Peninsulain the Neches-Trinity coadtd
basin. The Baolivar Peninsulawas initidly excluded in the smoothing of the

coastline, but returned to the final watershed boundaries using this process.

[ Final_wish
|:| Cleaned Sealcean
[ | smooth_wsh
Island_ish
|:| Igland

Figure4.20 Returning the Bolivar Peninsulato the final watersheds
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Spurious polygons il presented an issue for the smoothed watersheds.
The problem wasindividua cells or areas connected to the watershed on a
diagona, which Arcinfo does not recognize as part of the whole watershed.
Rather, these cdlls or areas are identified with a grid-code of —9999. Corrections
to these problems were made manualy on a case by case basis after inspection of
the flow direction grid FDR and the adjacent watershed grid-codes. The —-9999
grid-code was manualy changed, which resulted in several polygons for each
watershed code. The polygons were merged together using the dissolve function
in Geoprocessing Wizard, with the grid-code as the attribute to dissolve by and
adding the Area by Sum field. These watersheds, WSH_DIS werethe find
watershed boundaries determined for the TNRCC.

4.5.6 Dedineating Water sheds Including the Water body

The watershed delineation process for waterbody watersheds including the
waterbody consists of the same methodology asthat presented. However,
indusion of the waterbodies was much more straightforward than the prior
procedure and severa of the steps were omitted.

First, the DEM was not formatted for NODATA cell vaues. Because the
watershed should include the waterbody, the cdls in the ocean can have devation
vaues. These cdlsare coincident with cellsin the outlet grid and therefore were
automaticaly assigned to the watershed for thet outlet grid-code. Second, the

edges of the watershed along the coast were not smoothed. Again, the watershed
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included the waterbody and did not terminate at the coast. Therefore, no need
existed for smoothing the edges. Third, idands did not pose a problem to the
watershed because no erasing took place. The watershed and the waterbody were
lumped together and the idand was included in the watershed polygon because
the waterbody surrounded it. Therefore, the procedures detailed in this section
apply to watersheds including the waterbody with the exclusion of the steps
mentioned.
46  REALISTIC WATERSHED BOUNDARIES

Thefind dissolved watershed boundaries represent the drainage area for
each water quality management segment. These watersheds are to be used to
digtribute digitd information to the public and private agencies modeling TMDL
dlocation. The nature of watershed delineation derived from a DEM led to
boundaries with 30 meter right angles and ajagged appearance. A decision was
made to generalize the boundaries, to reduce detail in the boundariesto obtain a
more redlistic appearance. It was believed that the public would be more
accepting of aredligtic watershed boundary as opposed to ajagged, stair step
boundary. To accomplish the softening of the boundary, the generalize command
in Arcinfo Workgtation was used. The command is of the form:

Arc: generalize WSH_DISWSH_GEN 80 bendsimplify.
The command parameters are described as follows. WSH_GEN isthe

watershed coverage that has the relaxed boundaries. Eighty, 80, representsthe
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weed tolerance, defined as the tolerance in coverage units used to remove
unwanted detall within the arcs. Bendsimplify specifies the smplification
operator. Two options exist for the smplification operator, pointremove or
bendamplify. Pointremove utilizes the Douglas- Peucker’ s dgorithm for line
smplification with enhancements; essentidly it retains critical vertexes and
connects them to form asmplified verson of the line without any detall.
Additiondly, this method resultsin aline with sharp angles and spikes, the very
problem that was being attempted to be rectified. Bendsamplify recognizes
unnecessary bends in the origind line and removes them, based on the weed
tolerance. Thefind result from bendamplify is more true to the origind line,
with a gentler gppearance (ESRI, 2000). Figure 4.21 highlights the difference

between the dissolved boundaries and the generdized boundaries.



Wsh_Gaen

Figure4.21 Generalized Watershed Boundaries

4.7  PARTITIONING GEOSPATIAL DATA

Once the redlistic generalized watersheds were created, the corresponding
geospatial databases were produced for each watershed. Firgt, the datalayers,
listed in Table 3.1 in Section 3.2.5, were obtained from various sources. The
main resource was the Internet. The specific source of each data layer isaso
present in the table. Once these data layers were retrieved, their metadata was
studied to find their origina projection. Each database had a common projection,
TCMS Albers, however, most of the data layers were not initidly in that
projection. Therefore, the data layers were projected to the TCMS Albers

projection in the Arcinfo Workstation domain.

85



Next, the data layers were attributed with the appropriate watershed
number in which they fell. Two procedures were used, one for point data layers
and one for lines and polygon coverages. For the point layers, a point data layer
and the generdized watersheds were added to an ArcView project with the
Geoprocessing Wizard extenson. The*Assgn data by location (Spatid Join)”
geoprocessing option was used, in which the “theme to assign datato” wasthe
point data layer and the “theme to assign data from” was the generdized
watershed polygons. The attribute table of the point datalayer was opened and a
new field was added named “ Grid_code’. The*Grid_code’ fidd was then
caculated as equa to the “Gridcode” field joined from the generalized watershed
coverage. The editsto the table were saved, and the table was closed. Each point
contained in the layer that was located within a watershed was attributed with that
watershed gridcode.

For the polygon and line coverages, they too were added to an ArcView
project with the Geoprocessing extenson. The “Intersect two themes’
geoprocessing option was used, in which the “input theme to intersect” was ether
aline or polygon coverage and the * overlay theme”’ was the generdized
watershed polygons. The output coverage was named “wsh_layername’ based on
which data layer was being intersected. This output coverage was a polygon or
line coverage with digtinct polygons or linesfor each feature with unique

attributes and a unique watershed gridcode.
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Once the featuresin the data layers were attributed with the appropriate
watershed gridcodes, they were compiled into alarge regiona database and then
partitioned into individua geospatial databases for each watershed. In order to
partition the final 54 datalayersin an efficient manner, automated programs were
utilized. Shapefiles and coverages were separated by their watershed gridcode
using an Avenue script named “ ExportDataQuery”, written by Tim Whitesker,
which can be found in Appendix D. To usethis script, it was first necessary to
create a main watershed data directory as the working directory, with a subfolder
under this directory for each watershed gridcode, named by the gridcode. The
data layer with the watershed attributes was then made active and the script was
executed. The query fidd was then chosen, ether “Grid_code’ for point data
layers or “Gridcode” for polygon and line datalayers. The user then specifiesthe
output name for the shapefile of the data layer, sdected by the query fidd. The
script then queries for dl features with a watershed gridcode and covertsthem to a
new shapefile with the output name. The new shapefileis then saved in the
subfolder named by its gridcode.

Grids were partitioned using an AML named “ClipGrids’, dso found in
Appendix D.  Four grids were integrated into the geospatia database: the
burned and filled DEM, the flow direction grid, the flow accumulation grid and
the land use/land cover grid. The grids were clipped based on the individua
generadized watershed aready separated and found in a subfolder by gridcode.
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The AML converts the generadized watershed to a coverage, then clips the four
grids to that coverage and saves them as grids of smdler extent in that gridcode
subfolder.
48  CONCLUSION

The procedures described in this chapter portray the work that was
performed for the watershed ddlineation study and geospatial database
development for TNRCC designated stream and waterbody segments. They can
be categorized into afew main tasks. building a hydrography network, creating
the outlet grid, processng the DEM, editing the find watersheds for completeness
and compiling the geospatid data. The methods are generdly applicable to any
watershed delinestion Stuation and more relevant for watershed delinestion of
waterbodies. Severd additiona steps are depicted which are specific for
waterbody watersheds that exclude the waterbody; however, these steps are
highlighted for their excluson in the case of ddlinegting watersheds that include

the waterbody.
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CHAPTER 5: RESULTS

51  INTRODUCTION

The procedures described in Chapter 4 yield watersheds in polygon form.
These watersheds correspond one to one with a TNRCC designated water quality
management segment, explained in Chapter 3. Asin every research effort, fina
results must first go through severd iterations before achieving the accepted
product. Thefirst and last iterations of watersheds and the review process
between them are detailed here.
52  FIRST ITERATION WATERSHEDS

The methods depicted in Chapter 4 were followed to arrive a the first
iteration of watersheds for the TNRCC. At this point in the research, watersheds
that excluded the waterbodies were derived, asit was prior to the first review
process with the TNRCC. Figure 5.1 displays the delineated watersheds for the

55 designated segments in the Basin Group C area.
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Designated Segments

Tteration 1 Watersheds

GRID_CODE
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Figure5.1 First Iteration Delineated Watersheds

Inthelegend in Figure 5.1, the watershed grid_code refers to the Segment
ID. The segment IDs relate to the basin numbers. The segment ID conssts of
four numbers, the first two equaing the basin number and the last two uniquely
identifying the segment. The following basnsin Basin Group C correspond to
the following numbers: Neches-Trinity coastd basin = 7, Trinity-San Jacinto
coastal basin =9, San Jacinto river basin = 10 and the San Jacinto- Brazos coastal
basin =11. The bays and estuaries aong the coast of Texas correlate to a number

of 24. The Gulf of Mexico relatesto asegment ID of 2501. Therefore, the
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grid_codes of interest are those sarting with 7, 9, 10, and 11. Additionaly, a
selection of the bays and estuaries are included in the research, specifically
numbers 2411, 2412, and 2421-2439. The Gulf of Mexico, 2501, isincluded in
the find results of the firdt iteration to show which areadrains directly into the
Gulf rather than first flowing through a different designated waterbody.

An areaisincluded thefind results of thefirst iteration with agrid_code
of 2503. Thisgrid_code was implemented by the author to account for area that
flows directly into the Intracoastal Waterway in the San Jacinto-Brazos coastal
basin bypassing any other segment. Inthis basin, the Intracoastal Waterway is
not yet “classfied” and is not included on the 305(b) list. This areawas passed
on to the TRNCC to obtain an officia decison of where to attribute this land.

Table 5.1 indicates the watershed grid_code and its areain square
kilometers. Thistable isincluded as areference tool to compare with future

iteration results.
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GRID_CODE | Area (sq km)| GRID_CODE | Area (sq km) [ GRID_CODE | Area (sg km)
701 724.17 1014 918.51 2423 503.90
702 1083.42 1015 856.04 2424 293.48
703 272.68 1016 331.06 2425 74.31
704 438.92 1017 284.58 2426 80.77
901 142.02 1101 147.83 2427 13.83
902 384.87 1102 290.94 2428 4.32
1001 157.24 1103 186.22 2429 9.31
1002 808.57 1104 77.73 2430 18.74
1003 1018.67 1105 619.42 2431 83.52
1004 570.28 1107 164.12 2432 393.78
1005 30.91 1108 307.27 2433 6.93
1006 355.33 1109 94.23 2434 10.79
1007 801.26 1110 327.60 2435 4.13
1008 1141.17 1111 19.56 2436 3.69
1009 844.38 1113 148.43 2437 16.36
1010 559.74 2411 57.77 2438 3.26
1011 407.51 2412 618.66 2439 56.93
1012 1165.51 2421 55.47 2501 196.91
1013 12.46 2422 446.48 2503 122.82

Table5.1 First Iteration Watershed Areas

53  REVIEWPROCESS

Oncethefirg iteration of delineated watersheds were complete, the
TNRCC reviewed the boundaries against their GIS coverages, topographic maps,
and persona knowledge of the area. The comments of the TNRCC revealed
discrepanciesin the digitaly delinested watersheds. Figure 5.2 highlights the

discrepancies with purple circles.
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Figure 5.2 Discrepanciesin thefirst iteration of watersheds

These disparities could be characterized as four main issues of concern:
the contributing area to the Intracoastal Waterway in the Neches- Trinity coastd
basin, short circuiting of the flow due to an intricate network in alarger scde grid,
the “unclassfied” Intracoastd Waterway flow direction in the San Jacinto-Brazos
coastal basin and the representation of waterbodiesin the landscape. These four
issues are further described and solutions presented. The new watershed

boundaries for the entire Basin Group C are then presented in Section 5.4.
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5.3.1 Contributing Areato theIntracoastal Waterway in the Neches-

Trinity Basin

In the lower portion of the Neches-Trinity coastd basin, aland mass
separates the Gulf of Mexico and the Intracoasta Waterway (ICWW). Theterm
land mass may not even be appropriate to describe this areg; rather, itisa
conglomeration of lakes, swamps and marshes. Therefore, no digtinct drainage
paths could be determined from the topographic maps with any real accuracy.
Initialy, the NHD was assumed to be correct and the network in that area was left

unedited. Figure 5.3 presents an overview of the area under discussion.

3 sSabine-Neches Canal (#703)
| /\/ Intracoastal Waterway (#702)

Figure 5.3 Overview of the Intracoastal Waterway areain the Neches-Trinity coastal basin
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Upon watershed ddlinegtion, the DEM forces the mgjority of the area
between the Gulf of Mexico and the Intracoastal Waterway to drain into the
Sabine-Neches Canal, Segment #703, rather than the ICWW (Segment #702).
Because the areaiis so flat, this result was disputed. TNRCC reviewers have
persondly investigated the area to determine the actud flow directions over the
marshy area. Theresults of their sudy indicated that the mgority of the area
actualy drainsto the ICWW and not the Sabine-Neches Canal. Therefore, the
hydrography of the areawas manually dtered to relate ther findings into the
network.

Firg, the ICWW was connected to the east end of Salt Bayou and to Star
Lake. Second, the network was split between Johnson Lake and Keith Lake.
Third, the network was aso split just west of Clam Lake. With these
modifications, the looping that attempted to replicate the marsh land of the area
was diminated. It was replaced by digtinct drainage paths acting as tributaries
that lead exclusvely to ether the Sabine-Neches Cana or the ICWW. These
specific changes were made based on the recommendations of the TNRCC.

The edits made to address these issues are shown in Figures 5.4-5.7. The results

of these changes are described in Section 5.4.
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Figure5.4 Connection between the ICWW and Salt Bayou

Figure 5.5 Connection between the ICWW and Star Lake

96



R

‘Muvd

Figure 5.6 Split between Johnson Lake and Keith Lake

Figure 5.7 Split between Salt Bayou and Clam Lake

97



5.3.2 Short-Circuiting dueto Cel Size Scale

Saunders (1999) warns againgt using hydrography data and digital
elevation models of different scales, as errors may occur when the two data layers
areintegrated. These errors did occur in the first delinegtion of watershedsin the
form of short-circuiting. When vector datais converted to raster data, any cell
which contains a portion of the vector datais included in the new representation.
The cdll Sze of the raster datais 30 meters. Therefore, when the distance
between two streams in the hydrography data layer is less than 30 meters, the two
streams merge in the grid and creste errors in the resultant grids.

In severd ingtances in this study, the watersheds are distorted because
flow was fdsdy attributed to a stream that does not actudly recaiveit. Thisis
because the network data burned in to the DEM contained instances in which the
distance between streams was less than 30 meters. Therefore, the cells combined,
and the devation of these burned in cdls was very smilar. When the flow
direction was computed, the flow traveled down the wrong peth, leading to a
more pronounced flow in the incorrect channd. This can be identified in the flow
accumulation grid. The watersheds then reflect the erroneous flow in their
boundaries. An example of aflawved watershed is presented.

The watershed for the Hillebrandt Bayou (Segment #704) has an irregular
hook protruding from its west side, as seenin Figure 5.8. This hook isthe

contributing areato atributary that drainsinto amain stem that leedsinto this
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segment. However, the remaining tributaries that flow into the same main sem

are not included in the overal watershed.

Figure 5.8 First Iteration Hillebrandt Bayou Watershed

Ingpection of the flow accumulation grid displays the jump in flow from a
stream that is not part of the segment stream system to atributary that is part of
the segment stream system by means of cell connection. Therefore, the flow is
short-dircuiting without traveling through the entire stream route. Manud editing
of the network rectified this problem. The three streamsthat lie very closeto the

tributary were trimmed back to a distance greater than the 30 meter threshold.
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Although this method is not recommended, lack of more intricate DEMs leave it
asthe only choice a thistime. By increasing the distance, the cdlls do not
coincide and the flow becomes channeled in the appropriate direction. Figure 5.9

shows the three streams within 30 meters of the tributary mentioned.

b

Figure5.9 Flow Accumulation Grid with Short-circuiting Flow
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5.3.3 Unclassified Intracoastal Waterway Flow Direction

In the San Jacinto-Brazos coastd basin, the Intracoasta Waterway is
“unclassfied”, which meansit is not yet included on the Section 305(b) list.
Therefore, it isnot a TNRCC designated segment and a watershed was not
delinested for this artificia stream. However, much of the landscape in this area
does flow directly into the ICWW and was manualy attributed a code of 2503,
shown in Figure 5.10. This areawas then studied by the TNRCC asto how to

partition this area to classfied TNRCC designated segments.

Bay

.',. .
#24/3;;/
< Bastrop Bayf

Cwster Lake
3 :/'f #2433

Figure5.10 Drainage Areato the unclassifed Intracoastal Waterway
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This areawas broken into severd pieces, with each piece contributing to a
classfied segment watershed. These watersheds receiving the area are Bastrop
Bay/Oyster Lake (Segment #2433), West Bay (Segment #2424) and Drum Bay
(Segment #2435). The areawas Solit by modification of the drainage network.
These modifications included removing pieces of the network, moving
intersections, and splitting streams. The main dterations are described below.

In order to force the flow to follow the correct path into Bastrop
Bay/Oyser Lake, two main modifications were made. The flow was split
between Oygter Lake and West Bay. This split attempted to divert some of the
flow into West Bay and therest into Oyster Lake. The location is located on
Figure5.11. Also, the intersection of the Intracoastal Waterway and the incoming
segment, Bastrop Bayou Tida (#1105) was moved into the Bastrop Bay
waterbody. Thisreocation forced flow accumulating in the Intracoastd
Waterway to empty into Bastrop Bay rather than to travel past it and further
accumulate in the ICWW until it reaches the outlet into the Gulf of Mexico. The

intersection of note is shown in Figure 5.12.
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wfl West Bay

= L/ (#2424)
i ;'/C)yster
i  Lake
T (#2433)

Figure5.11 Split in Network between Oyster Lake and West Bay
i

Oyster Lake
(#2433)

Bastrop Bay
(#2433)

&howe Tidal |
(#1105y |

Figure5.12 Intersection of ICWW, Bastrop Bay and Bastrop Bayou Tidal
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Smilar modifications were made to partition portions of the areainto
Drum Bay and Bastrop Bay. A stream representing the Intracoastal Waterway
between two confluences was chosen as the ridge location dividing the area.
However, instead of splitting the stream into two distinct pieces with asmal gap,
the entire stream between the confluences was removed. This alowed the DEM
to dictate where the exact ridge location was between the confluences rather than
it being manudly decided. Then, above theridge line, flow is towards Bastrop
Bay and on the other side of the ridge, flow istowards Drum Bay. Figure 5.13

notes the stream that was removed from the network (the stream with the circle).

, "+, Bastrop Bay

Y\ (#2433
s
er' To Bastrop,//__ .
O —
=
—_— '::j

"/ /Bay @#2435)

_hristmas Bay
(#2434)

Figure 5.13 Stream Removed from Intracoastal Waterway
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An intersection of the Intracoastal Waterway and the Drum Bay
waterbody aso needed to be moved in order for the flow to transmit correctly.
Again, the intersection was not physicaly on top of araster cdll in the waterbody,
s0 the ICWW flow continued past Drum Bay into the Gulf. This intersection was

moved to coincide with the waterbody. The intersection is shown in Figure 5.14.

Christrnas Bay
(#2434)

Dirum Bay
(#2435)

Figure 5.14 Intersection of Intracoastal Waterway and Drum Bay

With these changes in the network, the area attributed to 2503 (the

fictitious segment) is separated into areas that contribute to a TNRCC designed

segmen.
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5.34 Waterbody Representation in Water shed Delineation

Waterbodies presented a constant issue for coastal watershed delineation.
They result in two different delineation procedures dependent on whether the
bay/estuary waterbody isincluded in the watershed. In the initid watershed
delineation (watersheds excluding the waterbody), the bay and estuaries were
removed from the DEM. Thus, the segment number was input into the coadtline
adjacent to the bay or estuary. In some cases, the coastline did not follow the
waterbody defined by the TNRCC exactly. Another problem encountered during
the initial watershed delinestion dedlt with waterbodies in the network. While the
method to determine which waterbodies lie on the network was described in
Section 4.2.3, their incluson was not implemented into the network to be burned
into the DEM. Hence, in severd locations, a waterbody was bisected by a
watershed boundary.

To correct the inconsistent coastlines and waterbodies, the method to
delineate watersheds including the waterbody was followed. The outlet grid was
created as described. These two steps ensured that the watershed included al of
the TNRCC water quaity management segment waterbodly.

To prevent the divison of awaterbody by awatershed boundary, two
options existed. An option that should be pursued is burning the waterbody into
the DEM aswél| asthe stream network. Because this would involve an additiona

processing step, which relates to a more time-consuming procedure, this option
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was not employed. Rather, artificid streamlines that run through the waterbody
were added to the network. Asin the case of Harris Reservoir, the stream
network abuts the waterbody, but does not include an artificid path going through
the waterbody. When the watersheds were ddlineated, the watershed for the
segment of the area, Oyster Creek Above Tidal (Segment #1110), bisected the

reservoir. The watershed boundary canbe seenin Figure 5.15.

-§I .:!

B |

” 'f.i",;i [ 1 Firstlteration Watershed Boundary [
LS e | NS Stream Metwark i
W e e L T R T AR B i '

Figure 5.15 Harris Reservoir bisected the Oyster Creek Above Tidal Watershed

To correct thiserror, artificia paths were added to the network that

represent the shordine of the reservoir and flow lines through the reservoir.
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These artificia paths are an accepted method of representing waterbodiesin a
dendritic network by the GIS in Water Resources community. Once this network
is burned into the DEM, any areadraining to the shordlines or paths will be
associated with the Oyster Creek Above Tidd watershed. The added artificia

paths are seen in Figure 5.16.
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Figure5.16 Artificial Paths added to Network for Harris Reservoir

Using this method, inland waterbody issues are resolved. Bay and estuary

waterbody issues are corrected by including them in the watershed.
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54  FINAL ITERATION WATERSHEDS

All resultsin aresearch setting go through numerous iterations before
reaching afina product that meets the sSandards for ddiverables. In the instance
of thisresearch, severd iterations were made. The changes detailed in the
previous section were implemented into the network, which necessitated re-
processing the DEM and again performing al the grid and watershed functions.
The results were again assessed, and more edits were made.

Of the changes discussed, dl but one was effective while new problems
arose. Mogt of the new problems can be attributed to the four main issues
described, mainly short-circuiting. The one ineffective solution was the lit in
the network to divert flow from the Intracoastd Waterway in the San Jacinto-
Brazos coastal basin to West Bay and Oyster Lake, shown in Figure 5.11.
Despite various efforts and trids for locations of the split, the drainage area
continued to flow entirely into Oyster Lake rather than divide between the two
waterbodies. After severd attempts, a decison was made that the result would
dand asis, the drainage direction and path should not be brutely forced if the
digitd devation modd resdsit. Until more detailled DEMs are available, the
watershed boundary would remain as delineated.

Another sgnificant change from the first iteration of watersheds was the
inclusion of the waterbody in the watershed for the bays and estuaries. As

portrayed in Chapter 4, the procedure for delineating watershedsincluding the
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waterbody is dightly different than those originaly produced. Also, the desred
projection of the find watersheds was changed from TSMS Albersto TCMS
Albersthat led to reprojecting many of the datalayers. Once these modifications
were incorporated into the process, the final delineated watersheds were

produced. These watersheds are found in Figure 5.17.
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Figure5.17 Final Iteration Delineated Watersheds

Because the figure cannot dragticaly show the difference between the first
and find iteration, the calculated drainage areas are used for comparison. These

areas are shown in Tables5.2 and 5.3.
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Segment No. | Initial Area (sq km) | Final Area (sq km)|% Difference| Reason
701 724.17 669.86 7.50% 5
702 1083.42 1295.65 -19.59% 1
703 272.68 87.09 68.06% 1
704 438.92 576.18 -31.27% 2
901 142.02 143.53 -1.06%

902 384.87 388.60 -0.97%
1001 157.24 161.02 -2.41%
1002 808.57 779.02 3.65%
1003 1018.67 1016.79 0.18%
1004 570.28 572.36 -0.37%
1005 30.91 45.34 -46.71% 3
1006 355.33 362.56 -2.03%
1007 801.26 762.35 4.86%
1008 1141.17 1137.79 0.30%
1009 844.38 845.81 -0.17%
1010 559.74 560.30 -0.10%
1011 407.51 405.95 0.38%
1012 1165.51 1164.86 0.06%
1013 12.46 12.24 1.73%
1014 918.51 920.82 -0.25%
1015 856.04 856.39 -0.04%
1016 331.06 331.96 -0.27%
1017 284.58 291.04 -2.27%
1101 147.83 140.89 4.70%
1102 290.94 290.54 0.13%
1103 186.22 186.02 0.11%
1104 77.73 73.78 5.08% 5
1105 619.42 582.55 5.95% 4
1107 164.12 114.02 30.53% 2
1108 307.27 307.20 0.02%
1109 94.23 72.66 22.89% 3
1110 327.60 417.09 -27.32% 4
1111 19.56 19.31 1.27%
1113 148.43 190.20 -28.14% 5

Table 5.2 Drainage Area Comparison of Basin Segment Watersheds
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In Table 5.2, the drainage areas are shown for the basin segment
watersheds: the watersheds of segments which lie in the Neches- Trinity, Trinity-
San Jacinto, San Jacinto-Brazos or San Jacinto basins. These do not include the
bay and estuary watersheds. The two iterations of watersheds are presented: the
initid iteration areaas “Initid Ared’ and thefind iteration area of the generdized
watersheds as“Find Ared’. The percent difference between the two iteration
aressisthen given as“% Difference’. Thisiscaculated as (“Initid Ared’ —
“Find Ared’) / “Initid Area’. Therefore, anegative percent difference indicates a
ganin areafrom theinitid to find iteration and a pogitive percent difference
indicates alossin areafrom theinitid to find iteration.

Of the 34 watersheds presented in Table 5.2, eleven watersheds have an
absolute value percent difference in area over 5%. When investigating the cause
for the increase or decrease in areg, given as“ Reason’, most watersheds fell into
the four issues described in Section 5.3. The key for the “Reason” column
corresponds as follows:

1. Contributing Areato the Intracoastal Waterway in the Neches-
Trinity Basin

2. Short-Circuiting dueto Cdl Size Scde

3. Unclassfied Intracoastal Waterway Flow Direction

4. Representation of Waterbodies
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5. Other, meaning changes in the DEM, looping, additiond of a

sgnificant cand, etc.

For the other 23 watersheds, the minor error can be explained by variationsin the

DEM from resampling during the projection process, the generdization of the

boundary and other small changes in the network.

Segment | Initial Area | Waterbody | Adjusted Initial | Final Area % Difference| Reason
No. (sq km) [Area (sq km)| Area (sq km) (sq km)
2411 57.77 5.22 62.99 160.83 -155.34% 1
2412 618.66 102.89 721.55 591.83 17.98% 5
2421 55.47 299.12 354.59 356.27 -0.47%
2422 446.48 317.52 764.00 753.85 1.33%
2423 503.90 149.12 653.02 644.32 1.33%
2424 293.48 195.44 488.92 495.29 -1.30%
2425 74.31 5.87 80.19 76.45 4.66%
2426 80.77 10.19 90.96 91.85 -0.99%
2427 13.83 5.23 19.06 19.27 -1.11%
2428 4.32 3.11 7.44 6.00 19.35% 4
2429 9.31 3.78 13.10 13.22 -0.91%
2430 18.74 5.41 24.15 25.17 -4.22%
2431 83.52 8.39 91.91 77.83 15.32% 5
2432 393.78 21.06 414.84 460.77 -11.07% 2
2433 6.93 13.09 20.01 76.04 -279.90% 3
2434 10.79 23.37 34.15 36.66 -7.34% 3
2435 4.13 5.34 9.47 77.92 -722.83% 3
2436 3.69 0.55 4.24 4.52 -6.55% 4
2437 16.36 1.17 17.53 14.74 15.89% 4
2438 3.26 0.94 4.20 3.89 7.45% 4
2439 56.93 362.42 419.35 463.20 -10.46% 4
2501 196.91 n/a n/a n/a
2503 122.82 n/a n/a n/a

Table 5.3 Drainage Areas Comparison of Waterbody (Bay and Estuary) Segment Watersheds
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In Table 5.3, the drainage areas are compared for the bay and estuary
segment watersheds in the same fashion. However, instead of comparing the
initid areato thefind area, an adjusted initid areawas used. The “ Adjusted
Initid Area’ was cdculated asthe “Initid Ared’ + “Waterbody Ared’. The
waterbody areas are the calculated areas of the waterbodies fromthe TNRCC
data. The percent differenceis then calculated the same as for Table 5.2 with the
“Initid Ared’ replaced by the“ Adjusted Initid Ared’ to reved the differencesin
watershed iterations not due to the waterbody inclusion in the watershed.

Of the 21 watersheds for bays and estuaries, twelve dso have a percent
difference greater than 5%. The digparity between the adjusted initid and fina
areas can dso be accounted for with the five reasons explained. The greater ratio
of watersheds with differences stems from the fact that two of the four main
issues for review dedt with the bays and estuaries.

When examining the sum of the areas for al the watersheds, essentidly
the area of Basin Group C, the totd adjusted initid areais 20,308 sq km while the
find areaisabout 20,232 sq km. The percent difference between these two
vauesis 0.38%. While this percentage is within the margin of error, it can dill be
rationdized. Theinitid areasincluded areain the Basn Group C boundary
defined by the TNRCC that drained directly into the Gulf of Mexico, segment
number 2501. For the find areas, the Gulf of Mexico was not consdered sinceiit

was not included in the Basin Group C segments (numbers 7xx, 9xx, 10xx, 11xx
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and certain 24xx segments). Therefore, this areawas not counted in the final
areas and accounts for the discrepancy.
55  CONCLUSION

As seen from theinitid watershed boundaries, the review process, and the
andysis of the find watershed boundaries, four main issues plagued watershed
delineation in Basin Group C: contributing areato the Intracoastal Waterway,
shortcircuiting due to the cell Sze and network scales, unclassified Intracoastal
Waterway drainage areas and the representation of waterbodies during watershed
ddineation. These four topics account for the mgority of discrepancies between
theinitial and find watersheds. Specifically, 17 out of the 23 watersheds, 74%,
with a percent difference in drainage area greater than 5% can be atributed to
these four issues. Therefore, the factors behind these issues must be addressed in

research dedling with coastal watershed delineation.
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CHAPTER 6: CONCLUSIONS

This thes's presents a detailed account of the steps taken to obtain
watersheds for a coastd environment in the context of TMDL devel opment.
Specificaly, watersheds were ddineated for the 55 water quality management
segments designated by the TNRCC for Basin Group C in Texas. Thisbagn
group islocated around the Houston area and contains the Neches- Trinity coastal
basin, the San Jacinto-Brazos coagta basin, the Trinity-San Jacinto coastal basin,
the San Jacinto river basin, and severd bays and estuaries along this coastline.
The digtinguishing factor of thiswork is its focus on the watersheds of the
waterbodies, the bays and estuaries. Additiondly, the dight to flat dope of the
area necessitated modifications in the traditional watershed delineation methods.

Initiadly, a surface water drainage network was created for the entire Basin
Group C area. The network was derived from the National Hydrography Dataset
and underwent manua ingpection and editing when compared to the Digital
Raster Graphic maps of the USGS. Then, the departure from typica watershed
determination occurred. The definition of a waterbody watershed was devel oped,
which was aso used to apply to a stream segment.  Specificdly, awaterbody
watershed is characterized asthe area of land draining into awaterbody at any

given location. This carries over to the stream in that the watershed is then the
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area of land draining into astream a any location, rather then a specific location
such as an outlet.

With this definition of a watershed, the corresponding outlet grid was
created. Rather than containing outlet points converted to outlet cdlsin agrid,
the entire stream or waterbody was converted to form the outlet grid. This
ensures a correct watershed boundary in such aflat area. When using only an
outlet point, the flat nature of the region could cause flow direction to bypass the
one specific outlet location, whereas using the entire stream or waterbody assures
that any flow that reaches the stream at any point isincluded in the watershed.

The digital elevation model was then processed for watershed ddlineation.
Two procedures are described: for watersheds that excluded the waterbody and
for watersheds that included the waterbody. The method of waterbody exclusion
was more encompassing, with the incluson method omitting severd of the steps.
Many recommendations of prior coasta sudies were implemented, such as
conditioning the DEM to remove any negative vaues, and replacing the sea/ocean
area of the DEM with NO DATA cdllsto act assinks. Also, the drainage network
created was burned into the landscape, and the DEM wasfilled. Theflow
direction and flow accumulation grids were caculated. Using the flow direction
grid and outlet grid, the watersheds for the TMDL designated segments were

delineated. The watersheds were then post- processed to yield a one-to-one
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relationship between the generalized watersheds and the water quaity
management segments.

Four main concerns were raised during the watershed ddlinegtion process:
contributing area to the Intracoasta Waterway in the Neches- Trinity coastal
basin, short-circuiting due to the cdl size, flow direction of the unclassified
Intracoastal Waterway, and waterbody representation. These four main issues
have underlying implications that must be addressed in al coastd ddlinegtion
efforts.

The overdl lesson from these issuesis that detailed data, digita, paper or
persona knowledge, is essentid to work dong the coast. Digita eevation
modd s provide the basis for establishing flow direction and creating watershed
boundaries. However, the coastal region istoo flat to be accurately represented in
a 30 meter cdl Sze grid. The streams and flow paths are too densdly clustered or
too undefined through marshes and swamps and lead to short-circuiting. Thetwo
complications that dedlt with the Intracoastal Waterway reinforce the importance
of persona knowledge of the area. Without having persona accounts of the
direction of flow, it would have been impossible to delineste watersheds in those
areas with any red accuracy. When dealing with a swvamp/marsh area with
undefined drainage paths on the maps, hands-on information isthe only rdiable
source. Findly, waterbody inclusion and representation encompasses dl of these

issues. Incluson of the bays and estuaries in the watersheds reduced the amount
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of pre-processing of the DEM and post-processing of the watersheds. Lakes and
ponds were represented as flow paths through the waterbody, which caused short-
circuiting in some instances.

By redizing these issues, this study has resulted in many recommendations
for future coastal work. First, the most detailed digital eevation modd should be
used. LIDAR (Light Detection and Ranging) determined eevation models and 10
meter DEMs should be considered if processing power and time is available.
Second, lakes and ponds should be included on the network, as opposed to
artificid paths through them. The new ArcGIS Hydro datamode has severd
feature classes and relationships that should dlow for this possibility to be eesier
inthe future. In addition to lakes and ponds in the network, agreat ded of Basin
Group C is swamp and marsh, a unique combination of land and lake. A method
should be considered to hydrologicaly and hydraulicaly represent swamps and
marshes as waterbodies in the landscape. By characterizing the svamps as a
waterbody, the need for persona knowledge of the areais reduced. However, this
requirement will aways remain paramount in coasta watershed delinestion and
must be stressed emphaticaly.

Another recommendation ded's with the tedious editing process necessary
to implement the user specified flow direction aong the Intracoastal Waterway.
The new ArcGIS Hydro data mode aso contains capabilities to traverse doong the

hydrography network. These options are reliant upon the flow direction of the
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network. Flow direction is set dependent upon the location of sinks and sources
or based on the digitized direction. A new tool, developed by Tim Whitesker at
CRWR, dlowsthe user to assgn flow direction as indeterminate, with
digitization, againg digitization or uninitidized. Thistool should be sudied for

its usefulness in assigning and storing known flow direction aong the surface
water drainage network. This could possibly replace the tria and error editing
procedure employed for thisresearch. The user can assign the flow direction
aong reaches in the network and save them for future use, processing, and travel
aong the network.

The fina recommendation deds with a new outlook on the state’'s
tesdlation of the landscape. Texasis currently divided into 15 river basnsand 8
coastal basins. These basins are used to coordinate water quality management
activities. Therefore, the water quaity management segments are attributed by
Segment 1D to the planning basin in which they arelocated. However, when
studying the partitioning of the landscape by designated segment watersheds, the

aress and basin boundaries are vastly different, as shown in Figure 6.1.
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[ TMRCC Planning Basins
Waterbodies
Watersheds
B 701 -704

901 -902
o oo0-1017

01 - 1113
I 2410 - 2440

Figure 6.1 TNRCC Planning Basin Boundaries

The black boundaries indicate the current planning basin boundaries. The
watersheds are symbolized by their respective Segment 1D, in which the first or
first two numbers reflect which basin they arelocated in: 7 = Neches- Trinity, 9 =
Trinity-San Jacinto, 10 = San Jacinto, 11 = San Jacinto-Brazos, and 24 = Bays
and Estuaries. The obvious conclusion isthat agreat ded of areanow included in
the coadtal basins actudly drains directly to abay, estuary, or into the Gulf of

Mexico without first traveling through a segment in the basin. In the San Jacinto-
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Brazos Basin, the basin is actudly divided by land which is attributed to the bays
rather than the basin. These watersheds that correlate directly to water qudity
management segments should be studied further for possible implementation as

new water quality planning units.
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APPENDIX A: TEXAS 2000 CLEAN WATER ACT

SECTION 303(D) LIST

Thefollowing appendix contains the Draft copy of the Texas 2000 Clean
Water Act Section 303(d) Ligt, posted August 31, 2000. Thelist is part of the
document Texas 2000 Clean Water Act Section 303(d) List and Schedule for
Developing Total Maximum Daily Loads, found at the website

http://www .tnrce. state.tx.us/water/quality/00 303d.html. Thelig entries

included are the designated segmentsin Basin Group C. Theentireligt is

avalable a http://www .tnrcc.gtate.tx.uswater/quality/00 303dlist.pdf.
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APPENDIX B: NATIONAL HYDROGRAPHY DATASET

EXERCISE

The following exercise was prepared by the author and David R.
Maidment, of the Center for Research in Water Resources, University of Texas at
Audtin, in October 2000. The exercise included in thisthesisis only part one of
the entire exercise entitled National Hydrography Dataset and Networksin
ArcGIS8.0. Toview the exercisein its entirety, see the webpage:

http://mwww.ce.utexas.edu/prof/mai dment/giswr2000/ex6/Exercisehtm. The data

used in the exercise is available from the NHD website, as mentioned in the
exercise. The study areais HUC #12040204, West Galveston Bay, a cataoging
unit within the San Jacinto-Brazos coagtd basin. The software used in this
exerciseisArcMap. ArcMap isaprogram in the ArcGIS software package,
distributed by ESRI.
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National Hydrography Dataset and Networksin
ArcGlS8.0

Prepared by Victoria Samuelsand David R. Maidment
Center for Research in Water Resour ces
University of Texasat Austin
October 2000

Contents
7?2 Gods of the Exercise

7?2 Computer and Data Requirements

Part 1. The Nationa Hydrography Dataset

7?2 Obtaining National Hydrography Dataset Data

22 Viewing and Inspecting NHD Feature Classes

Goals of the Exercise

This exercise hastwo parts. Part 1 introduces the user to map
hydrography data depicting water features of the landscape, and specificaly
hydrography data from the Nationa Hydrography Dataset. The user learnsto
symbolize and differentiate between the feature and reach data layers. The
attributes accompanying the hydrography data are dso described. The study area
selected for this exercise is HUC #12040204, West Galveston Bay. Thisareais

located on the Southeast coast of Texas near Houston.
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Computer and Data Requirements

To carry out this exercise, you need to have a computer that runs Arcinfo
8.0 (with ArcMap and ArcCatalog). In order to download the Nationd
Hydrography Dataset data, you need internet access. The datafiles used in the
exercise consst of Arcinfo coverages. All of the databeing used isin the

Geographic projection, NAD 83 datum.

Part 1. The National Hydrography Dataset
Obtaining National Hydrography Dataset Data
The Nationd Hydrography Dataset (NHD) is a substantia set of digital
data and contains information about the surface water drainage network of the
United States. The data conssts of naturdly occurring and constructed bodi es of
water, naturd and artificia paths which water flows through, and related
hydrographic entities. The NHD is distributed by the United States Geologicd

Survey (USGS) and is available to the public for download.

National 3
Hydrography ;
Dataset oo
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The NHD is available at the webdte http:/nhd.usgs.gov. At thisweb Site,

click on the Data tab on the |eft Sde of the screen and then dlick on the first
bullet, Obtaining NHD Data. The NHD is organized by Hydrologic Cataoging
Unit (HUC). Youwill sseamap of the United States in which you can zoom in
and navigate to the HUC of interest. Another option isusing the FTP Steto
obtain the data. The data you will be using isfor HUC #12040204. The firgt

method described is downloading the NHD using the map.

Zoom in severd times on Eagtern Gulf Coast of Texas near the Louisana
border (the divide between green and light green HUCs). Eventudly zoominto

where you can differentiate between HUCs and their number.

‘6‘ Zoom In © Zoom out|2xj  Recenter ‘r‘ CU Identify ‘t"‘ CU Download

| Return to Full Extent
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When you can digtinguish HUC #12040204 (the third green HUC to the
|eft after the border between green and light green HUCSs), change the radia
button at the top of the map to CU Download and click on HUC #12040204. Hil
out the NHD Download screen information and Continue. Click Yesto the
Security Warning and click Download on the Download page. Navigate to the
location you want to place the 12040204 file, and click OK to the Successful
Download window. 'Y ou should now have the 12040204.tgz file, a compressed

folder with the NHD data.

Another way to download the dataisto use the FTP site, if the HUC
number isknown. 'Y ou want HUC #12040204, and can precede directly to the
FTP ste without manipulating the map. From the initia window with the map of
the United States, click on the FTP link under the map. Scroll down the list to the
12040204.tgz link, click on it, then Save thisfileto a disk. Navigateto the
directory you want to place the data. Now you have the NHD data for HUC

#12040204.

Structure of the National Hydrography Dataset

Unzip the 12040204.tgz file usng the Windows utility Winzip. Extract
the file to the 12040204 folder. Click Y es to the Winzip window asking if Winzip
should decompress 12040204.arc.tar to atemporary folder. In Windows

Explorer, navigate to the second 12040204 folder. Please note that using Winzip
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for uncompressing the NHD files has some limitations not important to this
exercise.  Theselimitations are important if you want to gppend or join NHD
filesfor saverd adjacent HUC units. In that event, use the uncompression

software provided on the NHD website.

:\... & =1 1] infi
l‘J L 1 metadata
: Clnhd
12040204 SInhdduu
" : :l nhdpt
E This folder is Online. Ll Hperile

The NHD is organized as three ARC/INFO coverages, many related INFO
tables, and text files containing metadata. The nhd coverage contains the line and
polygon fegtures. This coverage has line, polygon and node topology, which
together is network topology. The nhdpt coverage contains point features related
to the hydrography. The third coverage, nhdduu, contains metadata and
information about sources and updates of the hydrographical information. The
spatid dements of the surface water network are found in the nhd and nhdpt

coverages.
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Viewing and Inspecting NHD Feature Classes

NHD data can be inspected using ArcView 3. This exercise goes on to
use the Network capabilities of Arclnfo 8, so well view the datain ArcMap
instead. Open anew empty map in ArcMap and Add Data. Browseto the
second 12040204 folder, then to the nhd folder. Note the different dementsin
the nhd coverage. Arcs, nodes, and polygons are the typical spatid eements
origindly in Arcinfo. The NHD forms groups of arcs or polygons as single
entities and labels them asroutes or regions, respectively. Add the region.rch,
region.wb, routedrain, and router ch data layers.

«

Look in; I@]‘ nhd

Marne: Iregian.rch; region.wh; route.drain; route.rch

Add
Show of fype: IDatasets and Layers (*Iyr) j Cancel |
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Waterbody Features

Now turn off (remove the check in the box) for al layers except
region.wb. Thistheme containsthe areal hydrographic festures representing
waterbodies. They are organized in "regions’ (a group of polygons) because one

waterbody may be composed of many polygons.
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The region.wb layer depicts waterbody features. These can be of the
following types (not al of which are present in this particular HUC unit): Area of
Complex Channels, 2-D Canal/Ditch, Estuary (in the next release of NHD), Ice
Mass, Lake/Pond, Reservoir, Sea/Ocean, Svamp/Marsh, 2-D SreanVRiver, Playa
and Wash. To classfy the feature types uniquely within the region.wb layer,

doubleclick on the nhd region.wb data layer name, and go to the Symbology tab.
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To symbolize each type of waterbody uniquely, click on Categories and highlight
Unique values. From the Value Field dropdown menu, sdlect FTYPE. Then
cdickon Add All Values. Thisaddsadl the different values of Ftype present in
this data layer to the legend and symbolizes them differently. For each feature
class, the Ftype attribute describes what type of feature an eement is. The Fcode

attribute is a coded vaue for that type.

P rogeer ties 5 _Tiﬁ
i Ganard] Saunse I Eelection | Displey  Symboldgy IFiBIdsi Cedinition I]uaryl Lu.k:elst Joins & F‘ilalntbasl
Shiis
o i i i i Fripor..
[Foaturas Drow categornias using uniqeae valuas of one field. po |
| |Categories —aluzField —Color Schama
| - Unigue valugs ||_—r\r-|:E ] | ] j

Unique values. many fial
tetch 1o ayimbals in & sty

{Quantities S, | Valug | Labsl | caunt |
|Charts | <all other valuzss tall oter valuesy n
(Multiple Atvibutes tHeading FTYPE 358
LAKEFOMHD LAKE [FOrMD 275
REEERWOIR RESERYDR 1
T |SEA/DCEAM SEAJDCEAN 3 1]
STREAMRNER STREAM/RIVER 12
| SahPMaREH SWAMFMARSH 52 ﬂ

Add MlVoluss | Al el ey ] Advenced -

ak | canesl | Apen |

Choose each type of waterbody to look differently. To changedl of the
Ftype legends at once, change the color ramp from the Color Scheme dropdown
menu. Y ou can change the individua types by dlicking on the color box next to
the type name. ArcMap has preset legend styles contained in the symbology
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options. These preset styles store different industry's standards of representing
certain spatid data. These include waterbodies, transportation ways, Signage, etc.
Double click on the color box of Swamp/Marsh. Scroll down on the Symbol

Selector window, and select Svamp.

Symbol Selector ) 2| x|

Categony: I All j — Preview
]
Fa
Scrub 1 Grassland Scattered Trees
] — Options
Fill Colar:
Sand YWater Intermitient Resensair i oA o 0.4n -
/ff Outline Color: -|v
%,
7, E
Wetlands Swamp
Fropetties... |
o
A More Symbols -|
Glacier Snowfield/lce  10% Simple hatch
Save | Feset |
W Ll 0K I Cancel |

To make the background color of the Swamp filled in and easier to see on
the map, click on Properties. On the Picture Fill tab, change the background
color to be acolor as opposed to white. Leave the foreground color as blue, or

change it as you would like. Click OK and click OK to close the Symbol
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Selector window. Change any additional Waterbody typesto look as you would
like. Click OK and closethe Layer Propertieswindow. Saveyour ArcMap

project usng File/Save Asin the Main ArcMap Menu bar.
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Zoom in on various areas on the map to see the boundaries between lakes,

Swamps, oceans and streams.

In addition to the Ftype attribute, the region.wb data layer contains other
descriptive information. Right Click on the nhd region.wb datalayer and

Open the Attribute Table. Thefidds of interest for the region.wb datalayer are:

**  FTYPE - the type of waterbody feature, in text form.

**  FCODE - anumeric vaue coding the type and vaues of the characterigtics

of the waterbody feature. The first three digits describe the festure type,
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**

**

**

**

**

the lagt two digits describe the characterigtics associated with that feature

type.

ELEV - the devation of the waterbody, in meters above the vertica
datum. Intheinitial release, most of the eevetions are not known, and
therefore contain the value -9998 to indicate it is unspecified. A vaueof -
9999 indicates the eevation attribute is not appropriate for this festure and

is therefore not applicable.

STAGE - the height of the water surface which isthe basisfor the
elevaion. The possible values of sage are: Average Water Elevation,
Date of Photography, High Water Elevation, Normal Pool, or Spillway

Elevation.

SQ_KM - the area of the feature in square kilometers.

GNIS _ID - the Geographic Names Information System (the Federd
Government primary source for identifying officid names) eight-digit

identifier for the name of the entity.

NAME - the text waterbody name according to the Georgraphic Names

Information System.

Additiond attributes are identifiers. One identifier common to dl of the NHD

region and route data layersisthe COM_ID. Thisisaunique identifier given to
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each NHD feature or reach. Inthisdatalayer itiscdledthe WB_COM _ID. The
COM_ID, or common identifier isa 10 digit number which is distinct for each
festure within dl of the NHD. It isused as a reference to relate the various data
layers as will be seen later inthe exercise. An additiond attribute,

RCH_COM _ID, will be discussed later aswell. Close the Attribute Table.

Drainage Network Element Features

Zoom out to the entire extent and turn on (place a check in the box next to)
the route.drain theme. Thislayer encompasses the entire linear surface water
drainage network. The feature types which can be represented in this layer are:
SreamyRivers, Canal/Ditches, Pipelines, Artificial Paths that run through the
waterbodies described earlier, and Connectors. As described above, these linear
features are grouped together as routes rather than smple lines because severd
lines may comprise oneroute. Symbolize al vaues uniquely based on Ftype, as

you did in the previous section.

Obsarvethe artificid paths which run through the waterbodies of the

region.wb layer. Zoom in on the lake in the upper right corner of the basin.

144



14X £ a I
i i Foade moh

'
= B rhadrouts drsn 2 A ! . Q'L"h
il othar vakunis : . ¢ 1 !

nam

FTYPE
AATIFEIAL PATH
CAMALTIITIH
CERRECTOR
STRE R RTER
= B rhdregonmb
[ salliother wahussae
FTYPE
[ LasE pone:
|_|REERRIR
SEQIEGN
[TI5TE iRHER
SRR HARTH
= O rbdregaon rch

wih &G a0

play [ Somrca | 30 ia ]

=d ——

Notice the artificid paths running through the lake/pond and 2-D
sream/river features. Coastlines bordering the sea/ocean are also considered
atificid pahs. Theatificid path immediatdy changes to a sream/river when it
exitsthe waterbody. These atificid paths represent flow paths where thereis
redigticaly no actud channdl. Using these attificid peathsaidsin performing
network tasks which you do later in thisexercise. Without the artificid paths and

connectors, the network would have breaks at waterbody features.

Also notice the large number of canas and ditches compared with the
number of natural streamsin the area. Because this areais so flat and near the
coadt, the naturd streams are insufficient to carry away storm water flow and a
congtructed drainage ditch and cand system exigts to supplement the naturdl

streams.
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In addition to the Ftype attribute, the route.drain data layer dso contains
other descriptive information.  Rightclick on the nhd route.drain data layer and

Open Attribute Table. Thefields of interest for the route.drain data layer are:

**  COM _ID - the unique common identifier for each eement.

**  FTYPE - the type of waterbody feature, in text form.

** FCODE - the numeric vaue coding the type and values of the

characteristics of the waterbody feature.

** METERS - the length of the feature in meters.

** WB_COM _ID - the unique identifier of the waterbody from the
region.wb theme through which the attificid pathsrun. Intheinitid
release of the NHD, thisfidd is populated with -9998 for applicable routes

and -9999 for routes that do not have a corresponding waterbody.

Reach Network Features

Now, zoom back out and turn on the routerch layer. Thisisthelinear
drainage network as well, broken up into different pieces caled reaches. A reach
isacollection of surface water features with smilar hydrologic characteristics.
Reaches can be either pieces of stream/rivers, or portions of lake/ponds. There
are three types of reaches. transport, coastline, and waterbody. The transport and

coadtline reaches are found in the r oute.r ch data layer, while the waterbody
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reaches are found in region.rch data layer which will be studied next. A fourth
type of reach, shoreline reach, has not be developed yet. Reaches are used as
tools to geocode information about a linear or ared surface water feature because
of ther identifying atributes.

Transport reaches represent the path of water moving across the drainage
network. Coastline reaches represent the coastline of the Atlantic, Pacific, or
Artic Ocean, the Great Lakes, the Gulf of Mexico, or the Caribbean Sea. They
are used to reference the location of the ocean in respect to the drainage network.
Coadtline reaches are only composed of artificid paths.

Now, let'slook a how severd featuresin the route.drain layer can
comprise one eement in theroute.r ch layer. Each reach dement in routerchis
given aunique identifier, called the Reach Code. The Reach Codeisa 14 digit
number with two parts. the firgt eight digits are the Hydrologic Cataloging Unit
code for the Unit in which the reach islocated, and the second six digitsare a
unique number assigned to each reach arbitrarily. Y ou will symbolize two of
these reaches uniquely to look at their composition. Double-click onthe
route.rch layer, click on Categories and highlignt Unique values. Change the
Value Field dropdown menuto RCH_CODE. Click on Add Values... and dlick
Y es to the warning about exceeding 50 unique vaues. Highlight reaches
12040204000174 and 12040204000948 by holding down the Control key to

select the second choice. Click OK. Change these colors to something bright and
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noticeable. Zoom in to the area containing both these reaches (the bottom left of

the screen).
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Both of these reaches are composed of multiple drain festure elements.

To see the grouping of network eementsin one reach, go to the Selection menu

and drag down to Set Selectable L ayers, check nhd route.drain and uncheck the

other layers. Usng the Select Featur es button, click on one of the reaches.

Notice how only aportion of the reach becomes highlighted. Thisisonly one of

the network eements that make up the one reach. Reach 12040204000174 is
made up of three digtinct features and reach 12040204000948 is made up of 2
different festure ements. The drain features composing each reach and that

corresponding reach are linked together through the RCH_COM _ID in the
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routedrain layer. Intheroute.drain layer, the RCH_COM _ID isthe COM_ID
identifier of the reach which the network dement ispart. Using the | dentify toal,
click on the selected portion of the reach. Swith back and forth on the left Sde
menu in the | dentify Results box between nhd routerch (the name of the reach)
and routedrain (the type of feature). Note that the COM_ID for Reach
12040201000174 is 1568586 and the RCH_COM _ID for al three drain features

that compriseit is aso 1568586.

=
[=- nhd route.drain |Location: [-95.093549 29.309030)
RS - - R VER e [ 7
=l rhd rouke,rch FID 1206
o illowy Bayou Shape
DRAINH 1208
DRAIN-ID 1210
COw_ID 1566314
RCH_COM_ID 1568586
WEB_COM_ID 3339
FTPE STREAM/RIVER b
FCODE 46004 _ﬂ
=
= nhd route. drain |Location: [-95.099549 29.303030)
- STREAM/RIVER e 7
=+ nhd route.rch FID 960
Shape
RCH# 860

RCH-ID 1568556
COM_ID 1568586
RCH_CODE 12040204000174

RCH_DATE 13370523 -
LEVEL 2
METERS 12104.730033 _ﬂ

Another important atributein routerchisLevel. The Leve attribute
characterizes the sream level of each reach. Theleve isdetermined by firgt

identifying the endpoint or sink of the surface water drainage network, and

149



working backwards by the flow relaionships. The lowest level (one) is assigned
to reaches which flow into the endpoint and to upstream transport reaches which
trace the main flow of water back to the head of the stream. Theleve isthen
increased by one for reaches which terminate at the main flow path, i.e. reaches
which are tributaries to the main flow path. This procedure continues to assign a
leve attribute to all reaches. If areach hasaleve of -9998, the leve for that
reach is currently undefined. Either the reach isisolated and not connected to the
network, or thelevel is not yet determined. Most of the candsin thisarea of of
leve -9998 since their complex nature does not dlow aflow direction to be
defined. Additiondly, the coastline reaches are lso -9998 level because they do
not have a specified flow direction.

Go to the Selection menu and Clear Selected Features. Go to the
Symbology tab of the nhd route.rch Properties and change the Value Fidld to
LEVEL. Add al the vaues and choose a Color Scheme that displaysthe levels
clearly and vibrantly. Zoom to Full Extent (the globe button on the Tools
toolbar) and then again zoom into the area by the lake. Noticedl four level
vaues aswell asthe level value-9998. These Levels are not the same
classfication scheme for rivers that we examined in Exercise 4, where level 1 was
most upstream, and the numbers increased going downstream.  In the NHD
classfication scheme the numbers start low near the coast and increase going

upstream.
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Go to the Selection Menu and go to Set Selectable Layers. Changethe
sdectablelayer from nhd routedrain to nhd routerch. Usng the Select
Featurestool on the Tools toolbar, select the linesin the lake. Notice how dl the
line festures within the lake are sdlected asasingle reech. Because dl these
interna drain eements contain the same hydrologic characteridics, they are
considered one reach. Sdect afew of the upstream level one segments flowing

into the lake. Open the attribute table of nhd route.rch and click Selected for

Show ... Records.
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Each of the sdlected streams has aleve of one, which isthe main flow
path from the bordering bay. The nhd route.r ch datalayer so has the attributes
of GNIS_ID and NAME asin theregion.wb datalayer. All of these reaches
make up a part of Clear Creek, which isreferenced by the GNIS as 01332928. An
additiona attribute of note of the routerch layer isthe RCH_DATE. Thisthe
date that the Reach Code (RCH_CODE) was firgt assigned. The additiond
attributes will be discussed later. Clear the selected features.

Waterbody Reach Network Features

Thefind layer you will look at is the waterbody reach data layer. Turnon
the nhd region.rch layer, and highlight itsname. Click and drag the data layer to
above the region.wb data layer. These polygons are regions which represent
waterbody reaches. These regions are composed of one or more regions found in
region.wb. Just astrangport and coastline reaches dlow for information to be
linked to the linear network features, waterbody reaches dlow for information to
be attached to areal features. In thisfirg release of the NHD, waterbody reaches
are only defined for lake/pond featuresin region.wb. For these lake/pond aress, it
is possible for both atransport and waterbody reach to be defined; the transport
reach represents the artificia path of flow through the lake while the waterbody
reach describes the area.

Go to the Symbology tab of the Properties of region.rch and symbolize

the data layer by RCH_CODE. Click on the minus Sgn next to the region.rch
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layer name in the Display Table of Contents to shorten the legend list. The

attributes of nhd region.rch are:

**

**

**

**

**

**

COM_ID - the unigue common identifier for each dement.
RCH_CODE - the 14-digit code which identifies each reach.
RCH_DATE - the date the Reach Code was assigned.

SQ_KM - the area of the waterbody reach region in square kilometers.
GNIS_ID - the GNIS identifier for the waterbody, if appropriate.

NAME - the GNIS name of the waterbody, if appropriate.

It is possible to view those waterbodies that have names assigned by the

Geographic Naming Information System.  Right-click on the region.rch layer

name. Go Properties, then go to the L abels tab. Change the dropdown L abel

Fidd: menuto NAM E. Make surethe "Labd Features' box is checked. Click

OK.

Properties =

Generall Sourcel Selectionl Displayl Symbologyl Fields I Defirition Guery  Labels iJoins&HeIatesI

IV Label Features

Method: ILaheI all the features the zame way. j

Al features will be labeled using the options specified.

— Text Sting
Label Field: |[EIS - Expression... |
— Text Symbol
AabhyyIz Sumbal... |
— Other Option: - Pre-defined Label Style
Label Placement Options. . Scale Range... | Label Stules... |

Ok I Cancel Apply
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Right-click again on the region.rch data layer. Go to the Label Features
option. Now al the waterbody reach regions that have names assigned by the
Geographic Naming Information System are shown. Zoom in on Carancahua
Lake and Cedar Lake. Y ou can change the gppearance of the labels from the
L abels tab of the Properties, and make the text larger and darker. The

relationship between the route.drain and route.rch data layers also exist between

the region.wb and region.rch data layers through the RCH_COM_ID. Check the

different attributes of COM_ID and RCH_COM _ID using the Identify tool for

Caranchahua and Cedar L akes.
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Other National Hydrography Dataset L ayers

In addition to the layers described above, the Nationa Hydrography
Dataset contains hydrographic features which do not necessarily play arolein the
network. These features are known as Landmar ks and are found in the NHD as
routelm and region.Im in the nhd coverage folder for lines and areas and asthe
nhdpt coverage for points.

The attributes of these landmark layers are shown in the table below. The
atributes are dl found in other data layers and their description can be found

ealier inthisexercise.

Region.Im Route.Im Nhdpt
COM_ID
FTYPE COM_ID
COM_ID
FCODE FTYPE
FTYPE
ELEV FCODE
FCODE
STAGE METERS
GNIS_ ID
SQ_KM GNIS ID
NAME

GNIS_ID NAME

NAME
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For the FTY PE for each data layer, the options are diverseand encompass
many types of hydrologic landmark feature. The types of feature for each data

layer are listed below:

Region.Im Route.Im Nhdpt
Bridge (1-D)
Areato Be Submerged
Dam/Weir (1-D) Fumarole
Bay/Inlet
Gate (1-D) Gaging Station
Bridge (2-D)
Lock Chamber (1-D) Gate (0-D)
Dam/Weir (2-D)
Nonearthen Shore Geyser
Foreshore
Rapids (1-D) Lock Chamber (0-D)
Hazard Zone
Reef Mudpot
Inundation Area
Sounding Daum Line Rapids (0-D)
Lock Chamber (2-D)
Speciad Use Zone Rock
Specid Use Zone
Limit Spring/Seep
Submerged Stream
Tunndl Waterfdl (0-D)
Soillway
wal Wl
Rapids (2-D)
Waterfdl (1-D)

Different festures may be represented in multiple dimensions, such as

Rapids, which can be present in dl three data layers. Many of these types of

features have multiple subtypes which is characterized in the FCODE aitribute.
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The firgt three digits of the FCODE indicate the festure type and the last two
digits describe the digtinct characteristics. To look at the different types of
characteristics associated with each FTY PE and to determine the meaning of the
FCODE, you will load atable that comes with the NHD data. Click on the Add

Data button and navigate up to the root 12040204 folder and add nhd.fcode.

v
Look in: st 12040204 B El a|ﬁ|@§e| B

nhd.rel
nihd. rFlow
nhd.rxp
nhd.seclm
nhd. status
openme, kxk

M ame; Inhd.fu:u:u:le Add

; Shows of type: IDatasets and Layers [%.|wr] j Cancel

i

The Table of Contents should have switched to the Sour ce tab with the
table nhd.fcode at the bottom. Right-click on nhd.fcode and go to Open. The
table ligts the various FCODE vaues, the FTY PE text that accompanies that
FCODE, and the description of the FCODE which highlights the differences
between them. Notice how many different subtypes of each one fegture type that

exigs.
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There are no linear or ared landmark festures for the areastudied in this
exercise. However, there are landmark points. Add the data layer nhdpt from the
folder 12040204. Right-click on the nhdpt point datalayer and Zoom to L ayer.
Symbolize the nhdpt layer uniquely based on FCODE. L ook up what each

FCODE meansin the nhd.fcode table to determine what each type of point is.
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Y ou have now thoroughly ingpected the festure data from the Nationd
Hydrography Dataset. Save this map and exit ArcMap. Additiond information

about the NHD can be found at http://nhd.usgs.gov/techref.html in the documents:

**  NHDiInARC Quickstart
**  Concepts and Contents

** |ntroducing the NHDIinARC
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APPENDIX C: PROJECTION FILE

Thefdlowing file isthe projection file GEO2ALBERS. TXT, referred to in
Chapter 4. This projection fileisfor use in the Arc Workstation module of
Arcinfo. Theinput fileisin geographic coordinates and the output fileisin Texas

Centric Mapping System (TCMS) Albers projection.
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GEO2ALBERS.TXT

input

projection geographic
datum NADS3
spheroid GRS1980
units dd

parameters

output

projection albers
datum NADS83
spheroid GRS1980
units meters
parameters
27300

3500

-10000

1800

1500000

6000000

end

161



APPENDIX D: DATA PARTITIONING TOOLS

Developing the geospatia databases for the individua watersheds,
described in Section 4.7, required a massive effort:  separating 54 large data
layersinto 55 smaller components, with each component corresponding to a
watershed. This* cookie-cutter” process was made more efficient and lesstime
consuming with the use of an ArcView script, ExportDataQuery written by Tim
Whiteaker, and an AML, ClipGrids. Thetext for these two programs are included

here.
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EXPORTDATAQUERY SCRIPT

"Name: Export Dat aQuery
"This script finds all unique values for a query field, and then
"for each value, exports the records fromthe thene that have
"that value to a shapefile in a directory bel ow the working
"directory. The subdirectory nust already be created and nust
have a nane equal to the value in the query field. The nanme of
each produced shapefile is a generic nanme specified by the user
i nput .

User inputs: Query field
Generic output filenane

Produces: A series of shapefiles based on querying uni que
values in a field

Requi renments: There nust be an active thene in the view
Subdirectories with nanes corresponding to each
value in the query field
The working directory nust be set

"Aut hor: Tim Witeaker - 3/2/2001

t hepr oj ect =av. get pr oj ect
t hevi ew=av. get acti vedoc

if (theView GetActiveThenes. Count = 0) then
nsgbox. error ("No Thene Sel ected", Script. The. Get Nane)
exit

end

'---Set working directory---
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thewsrkbDir = theproject. Get Wor kDi r
t hewor kDi r. Set CWD

Get the active thene
t hnirhenel n = thevi ew. Get Acti veThenes. Get (0)

'"Get FTab for active thene
i nFTab=t hmThenel n. Get FTab

"Get fields for active thene
i nFl dLst = inFTab. getfields

'Get gridcode field

i nFi el dLi st = inFTab. getfi el ds

gFi el d=nsgbox. choi ce(i nFi el dLi st,"ldentify query field","Query
Field")

"gField = inFTab. Fi ndFi el d("gri dcode")

"exit if no field selected

if (gField=nil) then

msgbox.info("No field selected. Exiting.","")
i nFTab. DeActi vat e

i nFTab = ni

exit

end

"Create output generic filenane

nameStr = MsgBox. | nput ("Enter generic filenane for output
files","lnput Filename","")

"nameStr = "test"

'---Get unique values for gridcode---

"Create the list of unique val ues
uni quelLi st = List. Make
for each record in inFTab
if (inFTab. ReturnVal ue(gField, record) > 0) then
uni queli st . Add(i nFTab. ReturnVal ueStri ng(gFi el d, record))
end
end
' Renove duplicates
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i f (uniqueList.Count > 0) then
uni quelLi st . RenmoveDupl i cat es

el se
msgbox.info("No values found in field. Exiting.","")
exit

end

'---Create shapefile for each record---

for each gridcode in uniquelList

"Create bitmap to hold selection
nyBi t map=i nFt ab. Get Sel ecti on
myBi t map. Cl ear Al |

'Create the query
gl = "(["+gField.asstring+"] = "+gridcode. asstring+")"
i nFTab. Query(ql, nyBitmap, #VTAB_SELTYPE_NEW

out Nane =
t heWorkDir. asstring+"\"+gridcode. asstring+"\"+naneStr
out FNanme = out Nane. AsFi | eName

i f (inFTab. Get NunSel Records > 0) then

i nFTab. Export Cl ean( out FName, Tr ue)

'---Add the theme to the View--

Create the SourceNane
theSrc = SrcName. Make( out FNanme. asstri ng+

.shp")
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Use the SourceNane to nmake a thene
aTheme = Thene. Make(theSrc)

Add the theme to the view
t hevi ew. AddThenme(aThene)

Set a new nane for the theme
aThene. Set Nanme( nanmeStr +"_"+gri dcode. asstring)

end
end 'for each gridcode in uniqueli st

' Cl eanup

i nFTab = ni
av. Purgebj ect s
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CLIPGRIDS AML

w s:\wat ershed_data\ 1101
shapearc wsh_gen wsh_gen
build wsh_gen poly

grid

gridclip s:\basingroupc\fill_ demfill_dem cover wsh_gen
gridclip s:\basingroupc\fdr fdr cover wsh_gen

gridclip s:\basingroupc\fac fac cover wsh_gen

gridclip s:\basingroupc\| anduse | anduse cover wsh_gen

q

/*

w s:\wat ershed_data\ 1102
shapearc wsh_gen wsh_gen
build wsh_gen poly

grid

gridclip s:\basingroupc\fill_ demfill_dem cover wsh_gen
gridclip s:\basingroupc\fdr fdr cover wsh_gen

gridclip s:\basingroupc\fac fac cover wsh_gen

gridclip s:\basingroupc\landuse | anduse cover wsh_gen

q

/-k

w s:\wat ershed_data\ 1103
shapearc wsh_gen wsh_gen
build wsh_gen poly

grid

gridclip s:\basingroupc\fill_ demfill_dem cover wsh_gen
gridclip s:\basingroupc\fdr fdr cover wsh_gen

gridclip s:\basingroupc\fac fac cover wsh_gen

gridclip s:\basingroupc\|anduse | anduse cover wsh_gen

q

/*

w s:\wat ershed_data\ 1104
shapearc wsh_gen wsh_gen
build wsh_gen poly

grid

gridclip s:\basingroupc\fill_ demfill_dem cover wsh_gen
gridclip s:\basingroupc\fdr fdr cover wsh_gen

gridclip s:\basingroupc\fac fac cover wsh_gen

gridclip s:\basingroupc\|anduse | anduse cover wsh_gen

q

/*

/*Continue for each watershed gridcode

&return
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APPENDIX E: DATA DICTIONARY

Chapter 4 describes the procedures undertaken for this watershed
ddinegtion effort. Many file names are referenced in capitdized itdic font. This
data dictionary presents a quick reference as to what each data layer refersto and

where the initia reference to the data layer islocated.
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File Name Data Description Type Section
BASNGRPC shapsfile of study area polygon 45.1
BASNGRPC area buffered by 10
BUFFER Kilometers polygon 451
DEM with the stream network for .
et the BUFFER area “burned in” gid 454
DEM_ALB, clipped to the extent .
CLIPDEM of BUFFER orid 451
DEM_GEQ, projected to TCMS .
DEM_ALB Albars orid 451
CLIPDEM conditioned for any
DEM_CON cdl with a negative vaue to be orid 452
replaced with zero
Merged DEM from tiles
DEM9530, DEM9531, DEM9630, :
DEM_GEO DEMO9631 in geographic orid 451
coordinates
DEM of the 7.5 minute tile with .
DEMS530 upper |eft coordinate (-95,30) gid 45.1
DEM of the 7.5 minutetile with -
DEMS3531 upper left coordinate (-95,31) gid 45.1
DEM of the 7.5 minute tile with .
DEMS9630 upper left coordinate (-96,30) gid 451
DEM of the 7.5 minute tile with -
DEM9631 upper |eft coordinate (-96, 31) gid 451
flow accumulation grid caculated .
FAC from FDR orid 454
flow direction grid caculated .
FDR from BURN_DEM orid 454
BURN_DEM with 9nksin .
FILL_DEM landscepe “filled in” orid 454
Idand watersheds ISLAND_WSH
FINAL_WSH and smoothed watersheds polygon 455
SVIOOTH_WSH merged together
Grid of same extent as
GRIDCALC2 with NODATA
FORMAT_DEM vaues where the SEAOCEAN is orid 453

located and the origind eevation
vaue everywhere else
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GEO2ALBERSTXT

projection file to convert from
geographic coordinatesto TCMS
Albers

text

451

GRIDCALC1

grid of same extent as SEAGRID
with zeroes where the
SEAOCEAN islocated and ones
everywhere dse

orid

453

GRIDCALC2

grid of same extent as
GRIDCALC1 with NODATA
vaues where the SEAOCEAN is
located and ones everywhere else

orid

453

ISLAND

idand polygons sdlected from the
cleaned SEAOCEAN polygons

polygon

455

ISLAND_WSH

ISLAND polygon watersheds

455

NETWORK

Edited hydrography network,
derived from the NHD

polygon
line

4.2.2

NETWORK_CL

NETWORK cleaned in Arcinfo
Workstation for correct topology

line

4.2.2

OUTLETGRID

outlet cdls for watershed
ddinestion

ord

4.4

POLYSEG_GRID

TNRCC designated segment
polygons converted to grid

orid

4.4

REACHSEG_GRID

TNRCC designated stream
Segments converted to grid

ord

4.4

SEAGRID

SEAOCEAN, converted to agrid
with zero vadues where the
seal/ocean polygons are located

orid

453

SEAOCEAN

sealocean polygons salected from
the NHD region.wb for the area

polygon

453

SVIOOTH_W3XH

polygon watersheds (WSH_POLY)
with smooth edges aong the coast

polygon

455

WSH_DIS

final watersheds FINAL_WSH
dissolved resulting in one polygon
for each gridcode

polygon

455

WSH_GEN

WSH_DISwith softened,
generdized boundaries

polygon

4.6

WSH_GRID

watersheds in grid format,
cdculated from FDR and
OUTLETGRID

orid

454

WSH_POLY

watersheds in polygon formet,
converted from WSH_GRID

polygon

455
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