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INTRODUCTION 
 

Background:  The amount of nutrients and sediment delivered to an estuary affects water-
quality and the coastal ecosystem. Excess nutrients and suspended sediment in the environment 
can be detrimental to aquatic ecosystems and to the health of organisms living in and using the 
coastal waters.   
 
Nutrients are required to sustain life, but excess nutrient loads can upset the nutrient cycle 
balance resulting in changes in water quality harmful to aquatic organisms (Aldous and others, 
2005). Nitrogen and phosphorus compounds occur naturally in coastal streams and rivers but 
also are commonly applied to land as commercial fertilizers and livestock waste to increase 
agricultural production (Crain, 2006).  Nitrogen is present in water as nitrite and nitrate anions, 
in cationic form as ammonium (all inorganic nitrogen), and as part of organic solutes (Hem, 
1992). Phosphorus is not as abundant in the environment as nitrogen and often is the limiting 
element for plant growth (East and others, 1998).  Usually phosphorus is present as phosphate in 
natural waters and much of the phosphorus in streams attaches to particulate matter and is 
unavailable for uptake by plants. Orthophosphate species are the predominant dissolved 
phosphorus forms in most streams (Terrio, 1995). Nutrients that are not utilized by crops or 
stored in the soil can runoff to streams in overland flow or infiltrate with groundwater recharge; 
water quality in estuaries that receive surface-water inflows or groundwater discharge containing 
excess amounts of nutrients is often degraded. Some 60% of coastal rivers and bays in the U.S. 
have been moderately to severely degraded by excess nutrients (Howarth and others, 2002). Poor 
water quality caused by an abundance of these nutrients in an estuary can stimulate the excessive 
growth of phytoplankton, reduce dissolved oxygen (DO) levels, and potentially lead to fish kills 
(Crain, 2006).   
 
Similarly, high sediment loads delivered to an estuary can degrade water quality. Concentrations 
of suspended sediment are affected by natural conditions (soil erosion, streambed resuspension) 
and can be affected by human activities (construction, timber harvesting, certain agricultural 
practices, and hydraulic alteration). An increased sediment load delivered to an estuary can 
reduce water clarity and light penetration in the water column. Suspended sediment also plays a 
major role in the transport and fate of nutrients and other contaminants (Senus and others, 2004).  
 
In Texas, periods of high flow in streams and rivers flowing into a coastal ecosystem are usually 
caused by local rainfall or releases from upstream reservoirs made in response to rainfall further 
upstream in the basin (Galveston Bay Estuary Program, 2002).  The increase in rain and resultant 
flooding can increase sediment erosion and nutrient runoff into coastal rivers and consequently 
increase sediment and nutrient input into estuaries and bays.  Galveston Bay is typical of the 



estuary systems in Texas in many ways, with extensive nutrient and sediment loading possible 
during periods of runoff. 
 
Study Area:  Galveston Bay is a shallow estuary in southeastern Texas; the Trinity River 
watershed is largest contributing area to the bay (fig.1).  The Trinity River watershed extends 
from Galveston Bay northwestward to the Dallas/Fort Worth area, and the river is regulated by 
several reservoirs; Lake Livingston in southeast Texas is the largest.  The Trinity River 
contributes more than 50% of the average total inflow to Galveston Bay and historical sediment 
concentrations in the Trinity River can vary appreciably upstream from the entrance into the 
estuary (Galveston Bay Estuary Program, 2002). 
 

 

Figure 1.  Location of study area and selected data-collection site. 
 

Purpose and Scope:  In 2009, the U.S. Geological Survey (USGS), in cooperation with the 
Texas Water Development Board, began evaluating the variability of sediment and nutrient loads 
in the lower reaches of the Trinity River during a variety of hydrologic conditions.  Discharge, 
sediment concentration and sand/fine break, and nutrient concentration data can be used to gain a 
better understanding of the hydrologic and water-quality characteristics for the Galveston Bay 
coastal ecosystem. This study can help characterize the sediment and nutrient load transported 



into Galveston Bay as related to localized periods of high flow and releases of water from 
reservoirs upstream in the watershed. The flow, sediment, and nutrient data can be used for 
descriptive purposes as well as serving as input to hydrodynamic and water-quality models that 
aid the understanding of the general Galveston Bay ecosystem.  
 

APPROACH 
 

Sample Site Selection and Sampling Frequency:  To minimize tidal influence on the river 
discharge, the USGS collected sediment and nutrient samples at USGS streamflow gaging 
station 08067252 Trinity River at Wallisville, Tex. (hereinafter the Wallisville gage) when it was 
anticipated that the exceedance of a minimum flow criterion of approximately 10,000 cubic feet 
per second (ft3/s) would be exceeded at upstream gaging stations 08066250 Trinity River near 
Goodrich, Tex. (hereinafter, the Goodrich gage), and 08067000 Trinity River at Liberty, Tex 
(hereinafter the Liberty gage) (fig. 1). The Wallisville gage is about 3.5 miles upstream from 
where the Trinity River enters Galveston Bay.  The Liberty gage is about 18 miles upstream 
from the Wallisville gage.  The Goodrich gage is 30 miles upstream from the Liberty gage. 
 
Two periods of high flow were evaluated to demonstrate the variability of sediment and nutrient 
concentration and loading caused by differences in flood-discharge magnitude, duration, origin 
of initial floodwater runoff into the Trinity River system, and timing of sample collection.  The 
first period of high flow occurred during April 2009, when the majority of the rainfall occurred 
downstream from Lake Livingston in the Trinity River watershed. Consequently, it is thought 
overland runoff in the basin rather than controlled releases from Lake Livingston was largely 
responsible for the runoff peak of approximately 16,500 ft3/s measured at the Liberty gage 
(NWISWeb) (U.S. Geological Survey, 2009); the period of runoff lasted less than one week.  
The second period of high flow started in September 2009, and persisted into November 2009.  
After a prolonged dry period, over 6 inches of rain fell in September, 2009 in the Dallas/Fort 
Worth, Tex. region (National Weather Service, 2009), upstream of Livingston Reservoir.  
Because of where the rainfall occurred, it is thought water in the Trinity River flowing past the 
Liberty gage originated primarily as controlled releases from Livingston Reservoir rather than 
overland runoff in the watershed downstream from the reservoir. After the large amounts of rain 
in the Dallas area in September 2009 water was periodically released for approximately one 
month from the reservoir at Lake Livingston resulting in incremental increases in discharge until 
early November 2009 at the Liberty gage; the maximum discharge of approximately 22,000 ft3/s 
occurred November 3, 2009. 
 
Sample Collection, Processing, and Analysis:  Physical water-quality properties (water 
temperature, specific conductance, pH, dissolved oxygen concentration, and turbidity) were 
measured at the Wallisville gage sampling site using a water-quality multi-probe instrument at 
the time of sampling.  Discharge measurements of the stream were made using an acoustic 
Doppler current profiler (ADCP) as described in Mueller and Wagner (2009) prior to each 
sample.   
 
Discrete water-quality samples were also routinely collected and measured or analyzed for 
selected water-quality properties and dissolved constituents.  Twenty-three water-quality samples 
were collected during the April 2009 period of high flow (17 environmental samples and 6 split 



replicates).  Eleven water samples were collected during the period of high flow that began in 
September 2009 (8 environmental samples and 3 split replicates).  These selected water-quality 
properties included suspended-sediment concentration, total phosphorous and total nitrogen. 
Dissolved constituents included nutrients (filtered ammonia, filtered nitrate plus nitrite, filtered 
nitrite, and filtered orthophosphate) (U.S. Geological Survey, variously dated).  Water samples 
for filtered nutrients were passed through a 0.45-micrometer (μm) pore-size filter that was pre-
rinsed with deionized water. Whole-water (unfiltered) nutrient samples were preserved using 1 
milliliter (mL) of 4.5N sulfuric acid.   
 
Water-quality samples were collected and processed following standard USGS sampling 
methods as described in the National Field Manual for the Collection of Water-Quality Data 
(U.S. Geological Survey, variously dated).  USGS field personnel used isokinetic samplers to 
manually collect water samples.  Isokinetic samplers are designed to accumulate representative, 
continuous, and depth-integrated water samples within a designated range of stream velocities 
(Senus and others, 2004).  Depth integrated sampling was done within each of five vertical 
sections to capture variability of constituent concentration within the river cross-section utilizing 
the Equal Discharge Increment approach (EDI) (Edwards and Glysson, 1998). Water-quality 
samples were composited in a polyethylene churn splitter, and sub-samples for whole-water 
analysis were drawn while churning at a standard rate. The churn splitter was used to allow for 
subsamples to be drawn while maintaining a uniform distribution of suspended material in the 
composite sample (Darrell and others, 1999). All nutrient samples were chilled and shipped 
overnight to the USGS National Water Quality Laboratory (NWQL) in Lakewood, Colo. for 
analysis with methods described in Fishman and Friedman, 1989 and Fishman, 1993.  
Suspended-sediment samples were shipped to the USGS Kentucky Water Science Center 
Sediment Laboratory in Louisville, Kentucky and analyzed for suspended-sediment 
concentration and particle-size with methods described in Guy (1969). 
 
Quality Assurance/Quality Control:  Quality-control information is needed to estimate 
variability that results from sample collection, sample processing, transportation, and laboratory 
analysis in order to ensure proper interpretation of water-quality data (Crain, 2006). About 27% 
of all samples submitted to the laboratory were quality-control samples consisting of split 
replicate samples to measure variability. Replicate samples were compared by computing 
relative percent differences (RPD); the larger the RPD, the greater the variability in sample-
replicate pairs. RPD’s for each analyte and replicate sample pair was calculated by the following 
equation (Crain, 2006):  
 

RPD = │S1-S2│/ (S1+S2)/2 x 100   
   (1) 

where, 
S1 = the concentration in the environmental sample, in milligrams per liter; and  
S2 = the concentration in the replicate sample, in milligrams per liter 
 
If the RPD of replicate samples was within 20% or less, then the data from the environmental 
samples were determined to meet the precision objectives of the project. Rejected data samples 
(one total nitrogen and three total phosphorous samples) were not considered in the data analysis. 



All of the results for quality-control samples are in the USGS National Water Information 
System (NWISWeb) (U.S. Geological Survey, 2009). 
 
Load Estimates:  Load estimates were calculated for each sample analysis.  A constituent load 
for a stream is the product of a constituent concentration and streamflow and is the mass of a 
given constituent that is transported past a site on a stream during a specified period. The 
instantaneous load for a stream (East and others, 1998) is computed as  
 

LOAD (i) = FLOW (i) × CONC (i) × CF   (2)  
 
where,  
LOAD = constituent load at time i, in tons per day;  
FLOW = discharge at time i, in cubic feet per second;  
CONC = concentration of constituent at time i, in milligrams per liter; and  
CF = conversion factor of 0.0027.  
 

RESULTS  
 

Discharge and Flow Conditions:  The April 2009 period of high flow in the Trinity River 
downstream from Lake Livingston resulted from localized regional flooding in southeast Texas, 
mostly downstream from Lake Livingston. Water releases from the Lake Livingston reservoir 
were incrementally decreased as water elevations in the lake reached conservation levels.  
Discharge at the water-quality sampling site (Wallisville gage) accounted for approximately 60% 
of the maximum discharge recorded at the gages upstream near Lake Livingston.  While 
discharges at the upstream Goodrich and Liberty gages slowly dropped from their peaks in April, 
the discharge at the Wallisville gage showed little variation, ranging from 15,600 to 16,600 ft3/s; 
data are in the USGS National Water Information System [NWISWeb] [U.S. Geological Survey, 
2009 (fig. 2). 
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Figure 2.  Discharge measured at gaging stations 08067252 Trinity River at Wallisville, Texas, 
08067000 Trinity River at Liberty, Texas, and 08066250 Trinity River near Goodrich, Texas, 
during April 19–25, 2009 (U.S. Geological Survey, 2009). 
 



The period of high flow during September 21–November 9, 2009, (fig. 3) was a result of heavy 
rain upstream of Lake Livingston.  Once water levels in the lake exceeded conservation levels, 
releases were periodically increased from Livingston dam.  While maximum discharges at the 
Goodrich and Liberty, Tex. gages exceeded 60,000 ft3/s, discharge at the Wallisville, Tex. gage 
peaked at only 21,700 ft3/s.   
 

DATE

9/21  9/28  10/5  10/12  10/19  10/26  11/2  11/9  

D
IS

C
H

A
R

G
E

, 
IN

 C
U

B
IC

 F
E

E
T

 P
E

R
 S

E
C

O
N

D

0

20000

40000

60000

80000

Trinity River at Goodrich
Trinity River at Liberty
Trinity River at Wallisville

 
 

Figure 3. Discharge measured at gaging stations 08067252 Trinity River at Wallisville, Texas, 
08067000 Trinity River at Liberty, Texas, and 08066250 Trinity River near Goodrich, Texas, 
during September 21–November 9, 2009 (U.S. Geological Survey, 2009). 
 
Sediment:  Suspended-sediment samples were collected during the periods of high flow and 
analyzed for particle size using methods described in Guy (1969); the suspended sediment was 
composed of material that was 64% – 98% fine sediment smaller than 0.0625 millimeters in size. 
 
The suspended-sediment load measured during April 2009 at the Wallisville gage decreased over 
the April 2009 sampling period while the discharge remained essentially constant (fig. 4).  
Maximum suspended sediment load was 37,142 tons per day decreasing to a minimum 
calculated load of 11,672 tons per day. 
 
After the period of high flow in September 2009, suspended sediment increased over the 
September–November 2009 sampling period as the discharge increased.  Minimum suspended 
sediment load was 2,805 tons per day and increased to a maximum observed load of 23,905 tons 
per day (fig. 5). 
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Figure 4.  Instantaneous suspended sediment load and discharge measured during April 20–23, 
2009 at USGS gaging station 08067252 Trinity River at Wallisville, Texas (U.S. Geological 

Survey, 2009). 
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Figure 5.  Instantaneous suspended sediment load and discharge measured during September 
22–November 3, 2009, at USGS gaging station 08067252 Trinity River at Wallisville, Texas 

(U.S. Geological Survey, 2009). 



Nutrients:  Except for ammonia, filtered nutrient component percentages were higher during the 
September 21–November 3, 2009, period of high flow (table 1).   
 

Table 1. Ranges of percentages of filtered component concentrations in total nutrient 
constituents. 

[<LRL, laboratory reporting level; %, percent calculated as filtered component divided by total 
concentration] 
 

Constituent April 20–23, 2009 
September 22–

November 3, 2009 
Filtered ammonia (NH 3 ) <LRL – 8.9% <LRL – 7.6% 
Filtered nitrite (NO 2 ) 0.5% – 1.5% <LRL – 3.3% 
Filtered nitrite + nitrate (NO 2 + NO 3 ) 11.0% – 13.8% <LRL – 37.8% 
Orthophosphate (o-PO 4 ) <LRL – 6.6% 11.4% – 24.8% 
 
The loading pattern in the total nutrients followed a similar pattern as the suspended sediment.  
During April 2009 (fig. 6), the loads of total nitrogen and phosphorous decreased over the 
sampling period while the discharge remained essentially constant.  The maximum total nitrogen 
load was 69.5 tons per day and decreased to a minimum load of 39.1 tons per day.  Maximum 
total phosphorous load was 15.2 tons per day and decreased to a minimum observed load of 8.2 
tons per day. At the Wallisville gage, nutrient loads increased over the September–November 
2009 sampling period as discharge increased (fig. 7). The total nitrogen load increased from 11.3 
to 61.5 tons per day. The total phosphorous load increased from 2.3 to 9.9 tons per day. 
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Figure 6.  Instantaneous total nitrogen and phosphorous loads and discharge measured during 
April 20–23, 2009, at USGS gaging station 08067252 Trinity River at Wallisville, Texas. 
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Figure 7.  Instantaneous total nitrogen and phosphorous loads and discharge measured during 
September 22–November 3, 2009, at USGS gaging station 08067252 Trinity River at 

Wallisville, Texas. 
 

Correlation of Water-Quality Constituents to Physical Water-Quality Properties:  The 
concentration of suspended sediment, total nitrogen, and total phosphorous were compared to 
selected physical properties measured in-situ at the time discrete water-quality samples also were 
collected.  Linear regressions were used to assess correlations using the r-squared (r2) value as a 
statistical measure of how well the regression line approximates measured values (Helsel and 
Hirsch, 2002); an r2 of 1.0 (100%) indicating a perfect fit.  The data from this study indicate a 
relation exists between suspended-sediment concentration measured in discrete water-quality 
samples and in-situ measured turbidity values.  The r2 value for the correlation of suspended-
sediment concentration with in-situ turbidity was 93% (fig. 8).  The r2 value for total nitrogen or 
total phosphorous concentration with in-situ turbidity were both 86% (fig. 9).  
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Figure 8.  Correlation between suspended-sediment concentration and turbidity measured in 
Formazin Nephelometric Units (FNU) during two periods of high flow, April 20–23, 2009, and 

September 22–November 3, 2009, 2009, at USGS gaging station 08067252 Trinity River at 
Wallisville, Texas. 
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Figure 9.  Correlation between total nitrogen or total phosphorous and turbidity measured in 

Formazin Nephelometric Units (FNU) during two periods of high flow, April 20–23, 2009, and 
September 22–November 3, 2009, 2009, at USGS gaging station 08067252 Trinity River at 

Wallisville, Texas. 
 



 
SUMMARY 

Suspended-sediment and water-quality data were measured during two periods of high flow, one 
during April 20–23, 2009, and a second during September 22–November 3, 2009.  On the basis 
of streamflow and continuous and discrete water-quality measurements, the two periods of high 
flow had different flood and nutrient loading characteristics. Some differences in the nature of 
these two periods of high flow were evident.  Preliminary results indicate that it might be 
possible to better understand the extent of sediment and nutrient loading in Galveston Bay using 
selected measurements of discrete and continuous water-quality data.  An apparent correlation 
was observed between the concentrations of selected nutrients and suspended sediment, and an 
apparent correlation was observed between suspended sediment and total nutrient concentration 
measured with in-situ turbidity measurements during periods of high flow in Trinity River at the 
Wallisville, Texas gage, about 3.5 miles upstream from where the Trinity River enters Galveston 
Bay.  Additional data are needed to confirm these preliminary results. 
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