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INTRODUCTION

The stakeholdeled Galveston Bay Estuary Program (GBEP) of the Texas Commission on
Environmental Quality (TCEQ), formerly the Galveston Bay National Esteergram, was established
in 1989 to develop a comprehensive conservation management plan (CCMP) for the Galveston Bay
Ecosystem. The CCMP for the Galveston Bay area is calledsalveston Bay PlaiThe

Plan)(GBNEP 1994)The principle function ofhe Planis to leverage resourcetinding and
expertise-for more efficient resource manageméitie Planoutlines a series of goals and links a set of
specific initiatives to the identified ity issues for Galveston Bay.

For more than 40 years federal, state and local agencies and organizations have monitored the health of
Galveston Bay. Databases deserigp t he baydés water and sedi ment q
landings and seafood safety are just a few of the many that exist. The intention of this project is to apply
these data to the management issues raigbe iRlanregarding the health drintegrity of the bay.

THE PROJECT GOAL

The goal of the Galveston Bay Status and Trends Project is to compile, manage, analyze, and
disseminate monitoring and environmental impact data collected by organizations with quality assurance
procedures and loAgrm records of or a commitment to monitoring and managing Galveston Bay
resources.

The Galveston Bay Estuary is located in Southeast Texas adjacent to the Haaistston metroplex.

The shores of the bay are bordered by urban, industrial and agatidnd uses. Bay waters support
productive commercial and recreational fishing industries, industrial and municipal water uses, shipping,
and recreational activities. The use of bay resources depends upon and reciprocally impacts the
functional health othe bay ecosystem. It is, therefore, important to regularly assess indicators
describing the current state of and historical trends in bay health and resource use. It is also important
for the resulting information to be available in a form usable to resananagers and the public.

Data are obtained, quality assured, and processed into standardized &marsttzred in secure
databased®ata are analyzed to update established indicators of bay health according to priorities set by
the relevant GBC subaumittees with approval of the GBC; aadalytical results will be disseminated

to the GBEP, GBC, GBC subcommittees, other stakeholders and the public via the project website,
presentations, and GBEP outreach materials.

This final report outlines the mettiologies and results of the FY 200308 project Status and Trends

Project. In Year 1, many of the databases were updated and several analyses were completed. The work
was continued in Year 2 with the update of databases for which updates were noteava#@Bl7 and

the completion of all data analyses and public outreach and education products outlined in the project
work plan.
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PROJECT BACKGROUND

With guidance from GBEP staff, the-4dember Galveston Bay Council (GBC) and the GBC

Monitoring and ReseancSubcommittee, the Galveston Bay Status and Trends Project utilizes historical
and recent data describing Galveston Bay, collected by a number of federal, state and local agencies and
organizations. The Status and Trends Project acquires, manages gndsatnse data. Ultimately the

Status and Trends Project makes the results of the data analyses available to the public in summary form
through a final report and isseiented web pages residing on the Status and Trends data website
(www.galvbaydata.org

The GBEP originally compiled the relevant data related to the environmental management of Galveston
Bay in the early 19906s. These data sets were i
decisionsA decision was made in 2000 to repeat the compilation process and to maintain the data in a
clearinghouse. Since the 2000 Status and Trends Project, the GBEP and the GBC have recognized the
value in maintaining the Status and Trends database. This puidjeszintinue that work. As in the past,

data will be analyzed to make judgments on the status and trends of resources and processes forming the
Galveston Bay system and Lower Galveston Bay Watersbath quality objectives are established in
consultatimm with the agencies that provide the data sets and the GBC subcommittees that provide
priorities for the Status and Trends Project.

The website and final report are organized according to issue or data type (water quality, fisheries
resources, seafood s#f, etc.). Contributing agency programs, their quality assurance procedures, the
parameters for which values are obtained, and associated metadata are described as they are made
available. Summaries of data by month, year and sampling area are maiatainedorded in Status

and Trends Project documentation. All statistical programs used to produce output submitted to the
GBEP project manager are documented as well as the form and content of the output.

Records produced by this project consist of datab#@n multiple stages of quality beginning with the

raw data acquired from the cooperating agencies and progressing through stages of compilation and
purging of data that cannot be properly qualified or validated. The raw data consist of all datactontaine
in the data archives of the cooperating agencies and collected within the spatial domain of Galveston
Bay and its watershed. Progress reports on data processing and analysis are submitted quarterly.

This project does not perform any sampling. Samplinggss design is the responsibility of the

agencies collecting the data. All of the data employed in this project amdinechin that they are

obtained from the agencies that conducted the direct measurements. The entire project is limited by the
data cdlected and stored in databases maintained independently by resource agencies.

Data quality is an issue that is always addressed. As stated above, quality assurance procedures
employed by the agencies are described. All data are accepted from ageney, $nurare subject to a
validation process. The intention is to apply historical data to the management issues fidis€dan
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regarding the health and integrity of the bay. If data are validated and agency quality assurance
procedures are noted, thelplimitations on use of the data are set by the sampling requirements of the
various statistical tests and procedures.

This project is built upon the use of computing and electronic communication resources for the transfer,
processing and maintenandelme data. Multiple data servers (for GIS data and applications, for project
data files, and for website products and associated backend databases) with dual processors and high
capacity, redundant hard drives are dedicated to this project. All of theudagresource components

are part of the Geotechnology Research Institute (GTRI), herein referred to as Houston Advanced
Research Center (HARC), computing network. HARC employs security software and security protocols
to protect data from virus infecti@nd tampering by unauthorized users. The HARC network and the
Status and Trends servers administer user rights using password protection to limit access to the data
files. The data servers are equipped with a tape backup and an archival system tagditiadel

security. The servers also have emergency power supplies.

PROJECT METHODOLOGY

DATA COLLECTION

The Galveston Bay Status and Trends Project compiles, manages and analyzes monitoring and
environmental impact data collected by organizations willityuassurance procedures and a toergn
commitment to monitoring and managing the natural resources of Galveston Bay. To date, the Galveston
Bay Status and Trends Project maintains more than 50 databases from 25 agencies and organizations
The databasesharacterize the Lower Galveston Bay Watershed by describing water and sediment
quality, living resources, habitat quantity, seafood safety, freshwater inflows, and human uses of
resources such as shipping, recreational boating, and commercial andaeakréahing.

The period of record for each data set varies. Some contain recent data that date back to the late 1990s
while others date back to the early 1920s. The variability in the period of record is due to multiple
factors including but not limitetb 1) the length of time a monitoring program has been in existence and
2) the ability of agencies to qualiissure older monitoring data. The Status and Trends Project strives

to maintain the most recent versions of data; updating each database asmamllyey are made

available by the source agency.

Many of the data sets acquired by the Status and Trends Project have a spatial coverage that is much
larger than the spatial scope of this project. For the purpose of this project, data are limaeddong
stations located within the Lower Galveston Bay Watershed as defined by the Galveston Bay
Segmentation Scheme originally developed for the Galveston Bay National Estuary Program in 1992
(Jones &Neuse 1992and modified by the Status and Trends Project in 200&-igurel). When

sampling statiorspatialcoordinatesre available from the source agency, datasets are spatially joined
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with the GBEP segmentation and grodger analysis according to the following subbays and

tributaries:
Subbays:
1. Christmas Bay Complex
2. EastBay
3. Trinity Bay
4. Upper and Lower Galveston Bay
5. West Bay

©CoNoOOhWNE

Tributaries:

Armand Bayou

Bastrop Bayou

Buffalo Bayou

Cedar Bayou

Chocolate Bayou/Bay

Clear Crek/Lake

Dickinson Bayou/Dickinson Bay
East Intracoastal Waterway
Galveston Channel

Houston Ship Channel

. Oyster Bayou
. San Jacinto River

Texas City Channel
Trinity River

If spatialcoordinatesre not available from the source agency, then the data aegatgt by the
smallest spatial unit possible, typically at the county level. Five counties are considered to lie within the
Lower Galveston Bay Watershed (Brazoria, Chambers, Galveston, Harris, and Liberty).
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Figurel. Tributaries and subbays of Galveston Bay per the Galveston Bay Segmentation Scheme as

i — @‘ i Legend

0 25 5 10 15 20 z%iles GBEP Segmentation
[ = ———  —

streams

A

modified by the Status and Trends Project in 2003.
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All databases managed by the Status and Trends Project are processed according to methodologies
detailed in a Quality Assance Project Plan (QAPP) (deigure?2) approved by the Texas Commission

on Environmental Quality (TCEQ).

Data
Acquisition

s Acquire data

sCheck for
complete transfer
into database and
data integrity

sDetermine and
document
relationships
between fields
and tables

sEliminate
duplicates

sReview by
source agency

A

*
*
*
*

Data
Processing

oEliminate entries
without dates or
stations

sScreen for
outlying or invalid
data

s Assign GBERP
Segmentation

sExclude data
outside of GBEP
study area

sCocument
database changes

. 3"§

- N
—'\\
R\

Data
Analysis

sQuery database
by pararmeter
code, time period,
and subbay or
tributary area

sreate statistical
and graphical
analysis products

sCocument
database queries;
track database
versions

o

L R Y

Visualization
& Display

o ASP wieh
applications

sInteractive MNET
Charting

o[ata warehouse

St
I

Figure2. Data acquisition and processing methodology for data acquired by thév&son Bay Status
and Trends Project.

DATABASE MAINTENANCE AND STORAGE

The Status and Trends Project is built upon the use of computing and electronic communications
resources for the transfer, processing and maintenance of data. All project comgotmga®are

housed at HARC and maintained by HARC staff. Project staff coordinate with the HARC Information
Technology (IT) Department to ensure that server and network maintenance minimally interferes with
project computing, storage, and network/websiienectivity needs. As required by the QAPP, all data
are backed up to other server locations, tape backup, and external hard disk on a periodic basis. Tape
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backups and an external hard drive are storeditdfto prevent against catastrophic loss of dadda
are also backed up prior to any server or network maintenance.

Multiple servers (data, mapping, and web servers) with dual processors and high capacity hard drives in
a RAID 5 array are dedicated to this project. All of the other computing resamg@onents are

employed as part of the HARC computing network. HARC employs security systems and software to
protect the data from virus infection and tampering by unauthorized users. The HARC IT Department

and the Status and Trends staff work togethedtainister user rights by means of password protection

to Iimit access to the projectodés data files. Th
system to provide additional security. The data server also has an emergency power supply.

The project uses Microsoft software packages for processing and maintaining the data: Microsoft (MS)
SQL Server, MS Access and Excel. ESRI ArcGIS is used to produce maps and spatial analysis products.
S-Plus andAnalyselt are used to perform statistical &rses. MS Access and SQL Server are used as

the database maintenance software packages. Web products are created using .HTML, .ASP, and .NET.

All data accepted from agency sources undergo a validation process prior to data analyses and
placement on Statud Trends website (s€gure2). Raw agency data and processed data are stored
in separate locations on the server.

Volunteer monitoring data are acquired, stored, and analyzed separately from agency maoaitaring
The volunteer monitoring data are held on the same server, but in a database separate from agency
monitoring data. The two types of data are not combined.

QUALITY ASSURANCE

All data acquired by the Status and Trends Project in FY 2008 are manage@uninghdated Quality
Assurance Project Plan (QAPP) approved by the Texas Commission on Environmental Quality in
February 2008. The QAPP designates the data processing methodologies, data storage and backup
requirements, data quality objectives, and datalation and verification requirements.

Upon receipt of data from the source agency/organization, the Status and Trends Project reviews data for
duplicate records, missing data and metadata, incorrect spatial coordinates, and outlier values. These
data qality steps are integral in ensuring the validity of the data, the analyses and the information
products that they support. All databases updated in FY 2008 have been reviewed for the data errors
mentioned above.

Numerous data comparisons are made througtihe data management and analysis process. After the

initial conversion to a database format used by the Status and Trends Project, the newly processed data
are compared to the raw data from the source agency to ensure that no processing errorslbccurred
errors are found then the initial processing step is repeated. The source agency is contacted if the error is
found to be in the raw data. In those instances a new version of the data is requested from the source
agency. Additional comparisons are radmktween the new dataset and previous versions from prior
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Status and Trends Project years. If large changes in sample sizes or analytical results are seen, then the
data are reviewed to ensure that no errors were introduced. All databases updatedd@ Fav/2been
reviewed for data processing errors.

Duplicate and Missing Records

Records that are identified as duplicates are removed from analyses as are records with incomplete
metadata (e.g. date and location). In some instances it may be determirzelttp@ number of records

are missing from a dataset (such as an entire geographic area). The missing data are requested from the
source agency. If they are not available, then the dataset is not used for analyses.

Incorrect Geospatial Coordinates

All geospatial coordinates are reviewed. Those that are incorrect (latitude/longitude does not match the
physical location description of the sampling site) are corrected when possible. If the coordinates cannot
be corrected, then the data records are remowed dnalyses

Outliers

In some databases, such as those describing water and sediment quality, data records are identified by
the source agency as being below or above an acceptable range of values. The Status and Trends Projec
typically identifies a valuas an outlier if it is greater than two orders of magnitude above or below the
maximum or minimum acceptable value. This is modified in some locales and for some parameters such
as bacteria in surface waters where extremely high concentrations are cgrobsam/ed. Identified

outliers are removed from analyses and the source agency is notified.

The introduction of errors and loss of data are managed through procedures for record keeping and
auditing. Documentation (using MS InfoPath) describes changes Inygoloject personnel and the time

at which the changes were made. Each time a file is changed it is saved in a new version and the old
version is archived. New file names and locations are recorded in the database documentation. Files are
archived when ata updates are received from the source agency and the data processing cycle starts
over. Periodic comparisons between recent and early versions are made to detect problems.

PROJECT RESULTS: DATA ANALYSIS

WATER & SEDIMENT QUALITY

The Texas Commission dnvironmental Quality (TCEQ) maintains a Surface Water Quality

Monitoring (SWQM) database which contains data describing physical, chemical, and biological
characteristics of surface waters and sediment in water bodies throughout the state of Texas. This
database is one of the largest databases updated and maintained by the Status and Trends Project. The
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TCEQ uses thes#atato form the basi®f the Texas 305(b) Inventory, Texas 303(d) List of Impaired
Waters, Total Maximum Daily Load (TMDlLstudies and oher regulatory and neregulatory policies.

The Status and Trends Project downloaded the data set for the coastal and river basins of the Lower
Galveston Bay watershed (Nechiasnity Coastal Basin, Trinity River Basin, Trin#g$an Jacinto

Coastal BasinSan Jacinto River Basin, San JaciBi@zos Coastal Basin, Brazos River Basin, and

Bays and Estuaries) from the TCEQ website
(http://www.tceq.state.tx.us/compliance/nitoring/crp/data/samplequery.hiinMetadata are posted
online by the TCEQTCEQ 2007) The Status and Trends Project downlodals for the coastaind

river basindistedin Tablel.

Tablel. River and coastal basins for which Galveston Bay data are downloaded from the TCEQ Surface
Water Quality Monitoring (SWQM) database.

TCNEu?niZf'” TCEQ Basin Name
7 Neches-Trinity Coastal Basin
8 Trinity River Basin
9 Trinity-San Jacinto Coastal Basin
10 San Jacinto River Basin
11 San Jacinto-Brazos Coastal Basin
12 Brazos River Basin
24 Bays and Estuaries
25 Gulf of Mexico

Data arealso collected by the TCEQ through the Clean Rivers Program (CRP). Locally, the CRP is
administered by theloustonGalveston Area CoundgfH-GAC). It coordinates the local monitoring
efforts of government entitieagluding theEnvironmental Institute of Houstat the University of
HoustonClear LakeHarris County Public Health & Environmental Servicggy of Houston Health &
Human ServiceCity of Houston Water Quality ContrdCity of Pearland Public Workand theSan
Jacinto River AuthorityThe CRP data set is combined with the SWQM dataset and any duplicate
values are removed.

The dataremanaged under the Status and Trend )Forth¢ ect
purpose of conducting analysestahrefiltered by deptlof sampletime of day (dissolved oxygemly),
detection limitgbelow detection limit)and minimum number of sampl&amples reported by the TCEQ

as being below the detectibmit are reportedasonehalf of the reported concentratiandareincluded in

the data analysi®ataaregrouped spatially by subbay and tributary according to the Galveston Bay
Segmentation Scheme showrFigurel.

The TCEQwaterand sediment qualitgata set for Galveston Bay includeg33specific parameters
(storet codes) relatinto water and sediment qualifyhe completd CEQ Galveston Bay data set
includes samples collected frofpril 19638 through Juh\2008 (814,233 recos).
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http://www.tceq.state.tx.us/compliance/monitoring/crp/data/samplequery.html
http://www.h-gac.com/home/
http://www.uhcl.edu/portal/page/portal/EIH/
http://www.hcphes.org/
http://www.houstontx.gov/health/
http://www.houstontx.gov/health/
http://www.houstontx.gov/health/Environmental/phepage.html
http://www.cityofpearland.com/
http://www.sjra.net/
http://www.sjra.net/

For analyseshe Galveston Bay Status and Trends Project filter the data spatially (according to the
GBEP Segmentation Schepfeégurel) and by storet code. Storet co@deechosen for analysié they:

1) have an adequateumber of samples, 2jave a longterm monitoring record, and 3jerelated to
Galveston Bay management issues identified by the Galveston Bay Council.

|UPDATE OF WATER QUALUTY INDICATORS

 PATHOGENS

The Galveston Bay Status and Trends Project tracks tinlemiors of bacterial pathogens (fecal

coliform bacteriak. coliin freshwaterand Enterococan saltwater) The presence of fecal coliform
bacteriaE. coli, or Enterococci suggests that potentially dangerous pathogens could be present. Many of
the sanpling stations used to assess bacterial pathogen concentrations are located in urbanized
tributaries of the bay. High bacterial concentrations are typically associated with slow flowing bayous in
summer months when high temperatures support the grovttle bacteria. Water samples taken from

open bay waters show substantially lower bacteria concentrations.

Concentrations of fecal coliforimdicatorbacteria in Galveston Bay surface waitams comparetb
screenindevels (sedable?) established by the TCEQ for contact recreatiog. @vimming (TCEQ

2004) Major subbays and tributaries of the lzagrated based on the percentage of samples exceeding
the TCEQ screening limit in a givemea in a givedecade This methodology was appliedhidicator
bacteria dataollected in the Lower Galvest Bay watershed frori9702008 by the TCEQ and the
Texas Department of State Health Services (per the DSHS Bacteriological Monitoring Program)

Table2. TCEQ screening levels for nutrients in surface waters of tributaries (tittalsn screening
levels) and subbays (estuarine screening levels).

Pathogen TCE%rSé:rr:Ser:lxgeLrevel TCEQ chzﬁcvigt%rLevel for
Fecal coliform 400 colonies / 100 mL 400 colonies / 100 mL
E. coli 394 MPN / 100 mL na
Enterococci na 89 MPN / 100 mL
AsseenirFigure3, all five subbays are currently rated
exceeding the TCEQ bacteria screening |l evels.
the 190s Six Galveston Bay tributarierer at ed Apoor 60 for bacteri al c

Buffalo Bayou, the Houston Ship Channel, Clear Creek, Armand Bayou, Dickinson Bayou/Bay, and
Cedar Bayou. Of those tributaries, Buffalo Bayou &agercent osamples exceeding TCEQ bacteria
screening leveldsive additional bay tributariesurrentlyr at e @A mo d e r BastrepdBayoul hey ar
Chocolate Bayou/Bay, the East Intracoastal Waterway, Oyster BayotheaSdn Jacinto Rivefhe
Galveston Channel, Tex&sty Channel, andrinity Riverratei good o f or bacteri al
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Bastrop Bayou ® Vvery Good 0
Chocolate Bayou/Bay ' Moderate 10-25
Galveston Channel . Poor >25
Texas City Channel () Not enough data

East Intracoastal Waterway

I"\'
\es

Oyster Bayou

Dickinson Bayou/Bay
Clear Creek

Armand Bayou
Houston Ship Channel
Buffalo Bayou

San Jacinto River
Cedar Bayou

Trinity River

Figure3. Bacterial pathogen indicator and rating system.

 NUTRIENTS

Analyses by the Galveston B&yatus and Trends Projent200708 compared concerdtions of
nutrients and chlorophyht in Galveston Bay surface waters to screening levels established by the
TCEQ. Major subbays and tributaries of the bay were rated based on the perces@yeles
exceeding TCEQ screening limits (

Table3) in a givenarea in a givedecade. The methodology describing the development of this
indicator is availablén the Galveston Bay Indicators Final Rep@ssterandGonzalez22005).
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Table3. Selected State Water Quality Criteria used in development of nutrient indicator. Source:
(TCEQ 2004)

, Tidal Stream Estuarine

Nutrient Parameter . .
Screening Level Screening Level

Ammonia 0.58 mg/L 0.10 mg/L
Chlaophylla 19.2 ug/L 11.5 ug/L
Nitrate-nitrite 1.83 mg/L 0.26 mg/L
Total phosphorus 0.71 mg/L 0.22 mg/L
Dissolved Oxygen 2.0 mg/L 2.0 mg/L

As seen irFigure4, many areas of the b&wave experienced a decline overall nutrearicentrations

since the 1970s. Three of thiee subbaygChristmas Bay, West Bay, and East Basg currently rated
AfGoodo with nine percent or hurisnsscreefing teveldJppera mp | e s
and Lower Galveston Bay and Trinity Bare rated as moderate with 25 percent and 17 percent of

samples exceeding screening levels, respectively. Armand Bayou and Buffalo Bayou rate moderate with
22 percent and 25 percent of samples exceeding screening levels, respectively. Four bayous (Oyster
Bayou, Clear Creek, the Houston Ship Charered, Cedar Bayou) rate as good. Bastrop Bayou,

Chocolate Bayou/Bay, the Galveston Channel, the Texas City Channel, the East Intracoastal Waterway,
DickinsonBayou/Bay, and the San Jacinto River rate very ghodsubbays or tributaries rate as poor.
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Figured4. Indicator describing the state of nutrients (ammonia, nitratdtrite, total phosphorus) and
chlorophylla from the 1970s through 2000s.

|UPDATE OF SEDIMENT QJALITY INDICATORS

The Galeston Bay Indicators ProjefttesterandGonzale22005 developed a methodology comparing
concentrations ahorganic andorganic compounds in Galveston Bay sediments to probable effect

levels (PELs) established by tNOAA (TCEQ 2004) PELs are benchmarks used by federal and state
agencies to assess sediment quality. Contaminants with concentrations exceeding designated PELSs have
an increased probability of having adverse effects on aquatic orgariVsmjor subbaysnd tributaries

of the bay were rated based on the percentage of sediment samples eXdaed@BELSs in a given

decade.

The TCEQ Surface Water Quality Monitoring (SWQM) database serves as the source database for the
update of the toxin sediments indicator. Sediment samples were collected by the TCEQ from 1973
2007. Samples reported by the TCEQ as being below the deticiiibarereported as zeros and were
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