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ABSTRACT

Characterization of Sediment Movement in Tidal Creeks Adjacent to the Gulf
Intracoastal Waterway at Aransas National Wildlife Refuge, Austwell, TX: Study of
Natural Factors and Effects of Barge-Induced Drawdown Currents. (May 2005)
John Bryan Allison, B.S., Western Carolina University

Chair of Advisory Committee: Dr. Chris Mathewson

The coastal wetlands at Aransas National Wildlife Refuge near Austwell, Texas
support the last migrating population of whooping cranes during the winter months
(October through April). With a population currently at 216 individuals, these are the
rarest cranes in the world. The wetlands in which they winter are a part of the San
Antonio Bay system, a bay that receives constant fresh water flow from the Guadal upe
River. Currently thereisaplan for using water diverted from the Guadalupe River just
before it enters San Antonio Bay as a water supply for the greater San Antonio
metropolitan area located 200 km to the northwest. The Guadalupe River delivers
nutrients and sediment into the estuary along with fresh water. Because of the
importance of sediment within a tidal wetland ecosystem, it is imperative to understand
the sediment budget and underlying forces that drive it if one is to ultimately grasp how
this ecosystem functions. To document natural and anthropogenic factors exerting
control over sediment movement in this system, three sites on tidal creeks near the

boundary between marsh and bay were chosen. The Gulf Intracoastal Waterway



parallels the marsh edge. Over six, nor-consecutive weeks water level and velocity were
automatically monitored in the tidal creeks. Automated water samplers extracted water
samples that were analyzed for suspended sediment. In addition, bedload traps were
deployed in one creek to monitor sediment movement along the channel bottom. Inflow
exceeded outflow during the study. Asa result there was a net influx of suspended
sediments into the marsh. Bedload material also moves with current direction and it
appears to move in response to barge induced outflow currents. Barges passing on the
Gulf Intracoastal Waterway exert influence on water level, flow direction, and velocity
within tidal creeks. Natural factors such as winds, tides, and freshwater input from

upland runoff or river discharge aso impact suspended and bedload sediments.
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1. INTRODUCTION

Coastal wetlands worldwide are in need of protection because they are diverse
ecosystems that have been recognized for their value as estuaries, fisheries, endangered
species habitat, etc. The coastal wetlands at Aransas National Wildlife Refuge (ANWR)
near Austwell, Texas, are no exception as they support the last migrating population of
whooping cranes during the winter months (October through April). With a population
currently at 216 individuals, these are the rarest cranes in the world. The wetlandsin
which they winter are a part of the San Antonio Bay system, a bay that receives a
congtant discharge of fresh water from the Guadalupe River.

Asis common in many estuaries, pulses of freshwater inflow are an important
part of the subsidy and maintenance of the bay and marsh ecosystems. Currently thereis
aplan for diverting water from the lower Guadalupe River (just below its confluence
with the San Antonio River) as awater supply for the greater San Antonio metropolitan
area located 200 kmto the northwest of the river's mouth (The Lower Guadalupe Supply
Project, 2003). This interest has helped launch an ecological study at ANWR that will
gather data pertaining to many aspects of the marsh ecosystem and ultimately model the
ecology of the wetlands in response to environmental drivers such as riverine inflows,
tides, wind, etc. Special emphasis will be given to the factors affecting food sources of

the whooping crane, such as blue crabs and wolfberry.

This thesis follows the style and format of Estuarine, Coastal, and Shelf Science.



The Guadaupe River is a source of materias for the San Antonio Bay system.
Sediment is amajor component of coastal wetland substrate structure and its continued
input maintains the elevation of coastal wetlands relative to regional subsidence and sea
level rise (Callaway et al., 1997; Christiansen et al., 2000; DelL aune et al., 1983). To
fully understand how this ecosystem works as a whole, it is imperative to understand the
characteristics of sediment movement and the drivers of it. Natural factors (such as
tides, winds, storms, etc.) controlling movement of sediment within the marsh ecosystem
need to be documented (Leonard, 1997; Davis, et a., 2004). The effect of passing
barges in the nearby Gulf Intracoastal Waterway (GIWW) is an unnatural driver that
needs to be understood (Maynord, S.T. and Siemsen, T.S., 1991). The drawdown
currents associated with barges have some influence over materials exchange between
the tidal creeks and adjacent bays (Stockstill, R.L. and Berger, R.C., 2001).

Much sediment research done within coastal wetlands is focused on accretion
rates and processes, such as mineral deposition in relation to flow and turbulence
(Christiansen, et a., 2000; Leonard and Luther, 1995; Leonard, 1997; Wang, et al.,
1993). Such studies have found that most suspended sediment enters a marsh from the
adjoining bay viatidal creeks with high tide inflow (Davidson-Arnott, et al., 2002) or
during spring tides (Leonard, 1997) when water volumes and velocities are often at their
highest. Those who have monitored sediment movement within atidal channel have
found that most suspended sediment is in highest concentration during initial tidal inflow
(Davidson-Arnott et al., 2002) or during spring tides (Leonard, 1997). Bryce et al.

(2003) found tidal currents to be the primary control on suspended sediments. Storm



events have also been found to be major contributors to sediment movement (Leonard et
a., 1995).

All of these studies dealt with the natural drivers of suspended sediment
movement within atidal creek and marsh system. It is known that suspended sediment
movement is facilitated (or affected) by the tides and other means of water motion such
aswind (Leonard et a., 1995; Sutulaet a., 2003). This should also be the caseiin
ANWR tidal creeks because they are subjected to tides, winds, etc.

Unnatural means of water movement, such as barge-induced currents, can also
affect sediment movement (Stockstill, R.L. and Berger, R.C., 2001). Barge-induced
currents observed in this research can create tidal-like oscillations over short time
intervals (i.e. minutes), with velocities and water level changes that are comparable if
not exceeding natural velocities and water level changes. This activity resultsin an
unnatural movement of sediment within the system, both as suspended and bedload
sediments.

The effects of barges and boats on sediment movement and erosion have been
studied within main canals such as the Intracoastal Waterway or navigable rivers like the
Mississippi (Maynord and Siemsen, 1991; Stockstill and Berger, 2001), but not within
the tributaries or associated tidal creeks of those canals or rivers. Trimbak, et al. (2001)
published a method for estimating vessel-induced sediment suspension that discusses
barge drawdown, but mainly focuses on the effects of waves. Many vessel studies such
as Trimbak et al.’s (2001) find wake to be a major factor in sediment mobilization and

erosion. At ANWR, wake cannot be a major factor in sediment movement because the



tidal creeks are too far removed from the GIWW either by obstructions, alignment, or
stretches of shallow water.

Drawdown and its ecological effects are mentioned by Stockstill and Berger
(2001), but their work is mainly focused within the main channels of dug canals like the
GIWW and major rivers like the Mississippi. It was established that barges create
currents and drawdown of the water level that affect the surrounding waters outside the
channel. Stockstill and Berger (2001) have modeled these effects at |ocations along the
Mississippi River, the Illinois Waterway, and coincidentally, in Sundown Bay at
ANWR, Texas. The latter is anarrow shallow embayment between the GIWW and
coastal wetlands along the lower Blackjack Pennisula of Texas (Fig. 1).

The objectives of this study were to 1) quantify the spatial and temporal
variability in total suspended sediment (TSS) exchange and bedload sediment movement
in tidal creeks at ANWR and 2) to understand the roles of various environmental drivers
(tides/water levels, wind, inflows, barges, etc.) in shaping this variability.

It was hypothesized that water and TSS movement would be controlled by
drivers such as wind, tide, storms, and barge-induced currents. Bedload transport was
hypothesized to be influenced by the barge-induced changes in creek current direction
and velocity.

1.1. SteDescription

The marshsurface at ANWR is infrequently inundated as diurnal tides typically

reach insufficient heights to flood the marsh. Instead, spring tides, wind tides, and intra-

annual high water periods in the Gulf of Mexico are largely responsible for flooding
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Fig. 1. Location.

Location of study area within the state of Texas as well asin relation to features such the
Guadalupe River mouth, San Antonio Bay, Sundown Bay, Blackjack Peninsula, and the
Gulf Intracoastal Waterway (GIWW). Each of the three sites studied are shown in the
aeria photographs. A) Boat Ramp is very close in proximity to the GIWW. The dead
end canal to the northeast accesses the Aransas National Wildlife Refuge boat ramp. B)
Pump Canal is a man made canal whose mouth is separated from the GIWW by a
shallow expanse of water that makes up Sundown Bay. The visible boat traffic in the
image defines where the GIWW is. C) Sundown Bay Creek site is named for the bay in
which it is located, and its mouth is separated from the GIWW by the bay ard along
narrow island paraleling the GIWW. The creek itself is the shortest of the three, and its
tributaries/distributaries branch out quickly into the marsh and the various ponds.



these wetlands (personal observation). Tidal creeks are therefore the primary source of
water and materials exchange between the marsh and bays (water does not typically
enter the marsh directly from the bay side along the marsh edge). Most of the saltwater
wetlands on the southeast side of Blackjack Peninsula are in close proximity to the
GIWW. Three sites in the marsh along tidal creeks are the focus of this research. Each
site is aong the main stem of the creek near the mouth with no tributaries/distributaries
occurring between the site and the confluence with the bay. The sites are spread over a
space of approximately 10 km (Fig. 1). Matagorda and San Jose | slands separate San
Antonio Bay and the adjacent bays from the Gulf of Mexico.

Boat Ramp is a natural creek that runs paralel to the GIWW with a general
northeast- southwest orientation (Fig. 1). Boat Ramp’s creek connects two large water
bodies — the bay system and GIWW to one side, and a large inland |ake to the other.
Boat Ramp is the site furthest north and closest to the mouth of the Guadalupe River
(approximately 26 km to the north). This creek is a part of along linear feature of water
probably marking the inland side of a historic beach front or overwash deposit.

The other sites are perpendicular to the GIWW (northwest-southeast orientation)
and are located within the water body of Sundown Bay. Pump Canal is a man-made,
straightened canal that is separated from the GIWW only by shallow open water (Fig. 1).
It represents an area of marsh that historically (i.e., prior to the 1930’'s) had no
connecting creek. Thisisthe longest of the three creeks and it does not branch out into

the marsh or serve as a direct connection for alarge inland water body with the bay.



Sundown Bay Creek (SB Creek) is anatural creek that is separated from the
GIWW by the same shallow open water (as was Pump Canal) and anarrow island. The
creek isless than a hundred meters in length before it splits into many tributary arms that
branch into the marsh (Fig. 1). The marsh surrounding SB Creek has a higher density of
ponds relative to the other sites. SB Creek is furthest south and the furthest from the
mouth of Guadalupe River (approximately 35 km distant).

In ANWR creeks, there is often a 5-20 cm layer of unconsolidated floc-like
material (the bedload) along the bottom of the channels that mobilizes with the flow of
water without entering suspension. This materia is both organic and inorganic in
character and seems to be composed of detritus from algae and submerged aguatic
vegetation in addition to mineral sediment. Little is known about the specific sources
and fate of this material in ANWR tidal systems. However, others have considered the
importance of flocculated material as a source of biotic energy and nutrients in other

wetland ecosystems (Hildrew and Townsend, 2002).



2. METHODOLOGY

These three sites were the focus of study for multiple, seven-day samplings
conducted between May and September, 2004 (Table 1). Sampling platforms were built
along the creek bank at each site to hold the equipment used. Pump Canal wasthe only
site sampled during the first week. SB Creek was added beginning at week two. All
three sites were incorporated into the study for the final three weeks (Table 1).

2.1. Flow

An American Sigma 910 area-velocity (A/V) flow meter was used to measure
water level and velocity instantaneously at one-minute intervals at each site. Based on
channel dimensions, water depth and water velocity were used by the flow meter to
automatically calculate discharge at 1- minute intervals aswell. Water level on the A/V
meter was depth calibrated before each use.

At the conclusion of each sampling period, the data were downloaded to a
computer and imported into a spreadsheet.  Flow data were summed over four-hour
periods in order to correspond with the suspended sediment samples that were collected
every four hours. Each four- hour block of flow data was composed of the values
collected two hours before and after a suspended sediment sampling. Cumulative flows
were calculated for each of these four-hour blocks. Flux values were calculated as the
product of a cumulative flow value and the TSS concentration corresponding to that
period and location.

To compare outflow and inflow over the course of the study, all raw flow data

taken by the flow meters every minute were arranged by site and by week. The data



Table 1.

Dates and sites represented by each of the six sampling events. Salinity, wind speed, and Guadalupe River discharge are given
as mean vaues. Westher is as reported in field notes.

. Guadalupe
Range of Wind . Discharge
Date Site Salinity  Water Level TCOON"  ysGs? Weather
5/17t05/21 PC 02ppt 34cm SE5.8m/s 2840cfs  Immediately following a rainy period.**
SB  09ppt 28cm Dominated by tropical depression sitting in the
6/06106/12  p¢ 08ppt  40cm SE7.4m/s  2563cfs Gulf for the first half of the week.
6/24 to 7/01 SB  10ppt  20cm SE 4.2m/s  2980cfs Frequent strong thunderstorms.
PC  0O8ppt --
SB  13ppt 23cm
7/13t107/19 pPC 12ppt 19cm S 4.4m/s  2749cfs  Clear.
BR O08ppt 33cm
SB O7ppt 19cm
8/12t08/18 PC 05ppt 20cm N-NE 3.3m/s 2624cfs  Clear. High pressure dominating.
BR O4ppt 33cm
SB  14ppt --
8/27t09/03 PC 12ppt 17cm E-NE 2.8m/s 2668cfs Frequent rain showers and
BR 1lppt 25cm thunderstorms.

1. TCOON isthe Texas Coastal Ocean Observation Network. (http://lighthouse.tamucc.edu/wiki/TCOON/HomePage)
2. USGS is the United States Geological Survey. (http://water.usgs.gov/)
** |_arge quantities of fresh water were entering from the marsh. Thisis the only sampling week in which water was out

of the confined creek channel.
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were then separated into positive and negative groups representing outflow and inflow
respectively at each site for each week. Instantaneous flow values were multiplied by 60
to estimate flow over one minute. A sum was determined for each group. The sums of
positive and negative flow values were compared for each site during each week in order
to see whether outflow or inflow dominated during a sampling period.

To check the A/V meter’s accuracy, the cross-sectional discharge of one creek
was determined using a calibrated hand-held electromagnetic Marsh-McBirney velocity
meter. Pump Canal was chosen for the test because of ease of access. Velocity
measurements were taken at regular intervals across the channel. The measurements
were made in the center of 122 cm subsections at approximately 0.6 of the subsection
depth. A mean velocity was determined for the channel and its subsequent discharge
calculated. Thiswas compared with the discharge calculated by the stationary flow
meter. The handheld measurements to determine cross-sectiona discharge were taken
six times over the two-day period of November 3 and 4, 2004, after the six weeks of
sampling were compl ete.

2.2 Suspended Sediment
2.2.1. Field

An automated water sampler (American Sigma 900) was used to retrieve water
samples from the tidal creeks for TSS analysis. A length of tubing that reached 8 m into
the channel was attached to the sampler. The intake end of the tubing was kept in a
fixed position in the water column. Samples were integrated across a 180 cm section of

channel through an attachment made from 1.3 cm diameter perforated PV C pipe.
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The automated water sampler was programmed to draw two 1 L samples every
four hours (8 pm, 12 am, 4 am, 8 am, 12 pm, and 4 pm) for each week-long sampling
period. Prior to each sampling, the automated water sampler was programmed to purge
and rinse itself. Duplicate samples were taken for analytical replication and for quality
assurance. The samples were retrieved twice each day, once after the 8 am sampling,
and once after the 4 pm sampling. Arrival at the site for collection did not occur prior to
the 8 am or 4 pm automated sampling in order to keep from artificially mobilizing
sediments by boat and foot traffic.

2.2.2. Laboratory

In the laboratory, bottles were organized by site and time, and salinities were
measured with a portable refractometer. For the first two weeks of sampling, duplicates
were processed every three to four samples. Later, duplicate determinations were
reduced to one out of every eight samples because originals and duplicates were in
agreement. A measured volume of each sample was filtered through pre-rinsed, ashed,
and weighed 47 mm GF/F filters. Filtration was done at a constant vacuum pressure via
vacuum pump. The filter was stored in an air and water tight Petri dish until it could be
dried. After drying at 70°C until the weight became constant, eachfilter was weighed,
and the weight of the suspended sediment was obtained after subtracting the initial filter
weight. The TSS concentration was calculated by dividing the weight of the suspended
sediment by the volume of water that had been filtered. Bottles were acid washed before

returning them to the automated water sampler.
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To account for residual salt on each filter, ten filters were tested for water
retention. The same pre-rinsed, ashed, and weighed 47 mm GF/F filters were soaked
with deionized water and then subjected to the constant vacuum until no standing water
remained on top of the filter (same treatment as TSS samples). These wet filters were
then weighed to obtain the mean weight of water retained. A correction factor based on
this water weight and the salinity of each sample was subtracted from each TSS vaue,
reducing the initial TSS concentration recorded by the proportional amount of salt.

2.3. Bedload Sediment
2.3.1. Field

Bedload movement was measured during the last four sampling periods. This
sampling protocol was only carried out at one site because of available time and
equipment. Pump Canal was chosen because of its uniform dimensions and straightness.
The channel area studied for bedload movement was a few meters upstream from the
research platform and TSS sampling in order to minimize disturbance.

The method and equipment were adapted from ongoing research currently being
conducted in the Florida Everglades by Dr. Daniel Childers of Florida International
University (Childers, 2004). It involved deploying four traps on the bottom along the
width of the channel. One was placed near each bank, and two were nearer the middle.
Each trap was a box 13 cm square and 30 cm long (Fig 2). The box opened at each end
viaavertical sliding door. Each time atrap was set, it was submerged, filled with water,

and placed firmly on the substrate with its length parallel to the flow direction The



Fig. 2. Bedload.

A bedload trap after severa hours of deployment. The sediment layer is visible along
the bottom. Water can be seen draining around the doors of the trap with no effect on
the trapped sediment.

13
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doors were then removed. Over time, moving bedload and flocculated material entered
the box with flow.

To retrieve the trap, the doors were closed and the box, containing trapped water
and bedload, was removed from the water. Water would slowly drain from the box
around the doors, allowing the sediment to remain stationary on the trap floor (Fig. 2).
When the water had mostly drained, the contents of the box were poured into a plastic
bag. Thiswas done by sloshing the remaining water until the sediment wasin
suspension and then pouring it from the trap. Any remaining sediment on the box floor
was rinsed into the bag with Pump Canal creek water. If suspension of sediment in the
box accidentally occurred while handling the trap, the entire contents were immediately
put into a plastic bag in order to minimize sediment loss.

Traps were deployed over any one of four basic time intervals throughout a week
of study. In generd, the intervals coincided with the TSS samplings. Traps would be
deployed during the day between the 8 am collection and the 4 pm collection. They
would also be deployed overnight from the 4 pm collection to the 8 am collection the
following morning. Occasionally, they were left for afull 24 hours. Effort was made to
minimize disturbance of sediment during trap set-up and retrieval.

There were also seven occasions where the boxes were deployed over five
minute intervals in order to capture sediment movement from the influence of a specific
barge that was passing. Most of these 5-minute samplings took place outside of the May
to September sampling time and only one box was used at atime. It was deployed in the

center of the channel for five minutes prior to barge arrival and then for another five
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minutes during barge outflow. Only outflow currents were measured because of the time
frame in which the influence of a barge occurs and the number of hands available to
deploy and retrieve traps. None of the bedload measurements can account for sediment
that moved all the way through the trap before collection.

To accompany bedload data taken from the traps, measurements of bedload
thickness were taken across a single transect at the Pump Canal site during each
sampling trip (except for the first sampling) in order to monitor any changes that may
have occured over time. A measuring tape was stretched across the channel, and
measurements were taken every 60 cm. A section of 1.3 cm diameter PV C pipe was
used as a probe and pushed through the bedload sediments until it made contact with the
original, cohesive clays that comprise the surrounding marsh. Because Pump Canal is an
artificial channel, this boundary was distinct and easy to determine. An average was
taken if differing thicknesses were measured at one point. Thickness measurements
were taken by measuring the portion of the PV C pipe that had penetrated the bedload
material. Water depth (surface of water to surface of sediment) was also recorded.
These transects were plotted as cross-sections of the channel showing channel shape and
sediment thickness.

2.3.2. Laboratory

Bedload sample masses needed to be corrected for the mass of salt because

sainity varied among sampling periods as well as within them. The amount of water

accompanying each sample was aso not consistent. The method used to remove salts
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from the bedload samples was adopted from Rivers et a. (1982) where gypsum was
removed from soil samples placed in dialysis tubing and immersed in fresh water.

Each bedload sample was transferred from the plastic bag to a length of dialysis
tubing cut to fit. One end was sealed with a watertight clip while the upper end was
clamped to the inside rim of a 19 L bucket filled with deionized water. Severa diaysis
tubes were clamped to one bucket and the water was changed daily until the salinity in
the bucket consistently read zero on a handheld refractometer. Zero salinity was
typically reached after only about three days.

Bedload sediments were then transferred from the dialysis tubes into individual
preweighed aluminum pie pans. Samples were dried at 105°C for 24 hours once all
starding water had evaporated. Once dry, the pans were weighed and the initial weight
of the pan was subtracted to obtain the dry mass of bedload that had accumulated in the
trap. Total mass of bedload trapped was used for analysis. The mass vaues were
grouped first by location in the stream channel and then by amount of time the trap was
deployed. The data were aso normalized to one hour by dividing each value by the
number of hours it represented to estimate the amount of sediment accumulated in one

hour.
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3. RESULTS

3.1. Flow

Water level data collected by the A/V meter clearly showed changes in water
depth at one minute intervals. On the other hand, the velocity data collected by the A/V
meter were noisy, and variations were not typically visible at smell scale (Fig. 3). A
regular rise and fal in the water level data that occurred over approximate 24 hour
intervals was interpreted as adiurnal, lunar tide. These tidal fluctuations were easily
visible in the water level data (Fig. 3). A tidal range of about 10 cm was common at
each sitewith a maximum water level range of 20 to 40 cm per site, per sampling period.
Numerous fluctuations in water level at Boat Ramp and Pump Canal were also observed.
These occurred over the scale of minutes, sometimes exceeding the diurnal tidal range.
These were later found to be barge-induced drawdown currents through comparison of
corresponding field observations and water level data. Over the course of this study,
inflows (negative flow values) predominated at each of the three sites.

The impact that a single barge had was different at each site. The magnitude of
impact was also variable with bay-wide water levels. Boat Ramp, the site closest and
most exposed to the GIWW, experienced water level fluctuations on the order of 10 cm
anytime a barge passed and at any water level. Pump Canal typically experienced
fluctuations on the order of 5-6 cm. During the week of July 13 to 20, bay water levels
were 20 to 30 cm less than they had been during other sampling trips. Barge-induced
water leve fluctuations at Pump Canal were reduced to 2 or 3 cm. No barge impact was

perceptible in the A/V dataat SB Creek (Fig. 3). Except for SB Creek, water
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Fig. 3. Barge impact.

Water leve (in red) and current velocity (in blue) collected at the Boat Ramp site from August 12 to 18, 2004 show natural
tidal variation and barge influences on the creek hydrograph. A pair of passing barges was selected from the data and
identified at each of the three sites, beginning with Sundown Bay Creek. The barge signature was most discernable in the
water level data
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displacement from an individual barge passing was of comparable magnitude with tidal
fluctuations. Tidal range was consistently around 10 cm during this study.

During five of the six samplings the number of barges passing the study areas
ranged from a high of 69 to alow of 25 per sampling period. No data from which the
number of barges could be counted were recorded during the third week of study.

Negative flow typically exceeded positive flow in the creek discharges measured
during the six weeks of study (Fig. 4). Water level and magnitude of flow rose and fell
with tidal cycles, but inflows dominated these samplings. There were only two instances
where measured positive flow totaled more than negative flow at a given site for a week
of sampling. These were from the first sampling at Pump Cana (Pump Canal was the
only site monitored during the first week) and the fourth sampling at Boat Ramp. The
other two sites exhibited greater negative flow than positive flow during the fourth week
(Fig. 4).

For the purpose of scale, mean inflows over the entire course of study were
221,000 nv/week at Boat Ramp (representing three weeks of data), 163,000 nt/week at
Pump Canal (representing five weeks of data), and 117,000 nt/week at SB Creek
(representing four weeks of study). Mean outflows at were 86,000 nt/week at Boat
Ramp, 41,000 nt/week at Pump Canal, and 13,000 nmP/week at SB Creek. These were
calculated from the all instartaneous A/V flow data estimated to the minute, and
grouped into negative and positive flow by site.

A test conducted at Pump Canal of the accuracy of the A/V meter used in this

study found that it underestimated flow by nearly 50% (Table 2). The greater the flow
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site during that particular sampling period. Inflow typically exceeded outflow during the
six weeks of study.



Table 2.
A/NV meter versus hand-held velocity meter.
Comparison of cross-sectional discharge measurements taken from Pump Canal with a hand-held

Marsh-McBirney velocity meter and calculated discharge from an American Sigma 910 A/V meter.

Hand-held measurements were better able to take channel geometry variability into account where
the automated flow meter must assume the channel to be of uniform dimensions and flow rates.

Date 11/3/2004 11/3/2004 11/3/2004 11/4/2004 11/4/2004 11/4/2004
2:05to 3:43to 4:00 to 11:47 to 12:00 to 12:11to

Time span 2:20pm 3:57pm 4:14pm 11:59am 12:10pm 12:21pm

Hand-measured discharge (m3/s) 1982 1506 1536 860 681 712

Flow meter measured discharge

(m3/s) 850 597 724 430 410 413

|4
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recorded by the A/V meter, the greater the error. Thereislikely similar error at the other
sites. Flow rates and channel depth were variable across the width of the creek and not
uniform as the flow meter must assume to make its calculations. Flow values are still
relatively representative of each site. No correction factor was applied because there is
not data from the other two sites to verify that the A/V meter also underestimates by
50% at them as well.

3.2. Suspended Sediment

It was discovered after completion of the six weeks of study that the filters used
to obtain TSS concentrations retained a mean water weight of 0.46 g. This meant that
the weight of salt |eft in afilter could range from around 0.5 mg to about 7 mg
depending on the salinity at the time an individual sample was collected. Therefore, a
correction factor was applied to each sample's TSS value reducing it proportionately
according to the mean water weight and their respective salinity.

There were rain events of greater than 3 cm prior to weeks one and three. No
significant rain occurred after the end of June, 2004 till the end of the study on
September 2, 2004 (Fig. 5). However, mid June through mid July was a period of high
discharge from the Guadalupe with two peaks over 566 nt/s. Typically the Guadalupe
River remained under 283 nt/s between March and mid June, then under 140 n/s after
mid July (Fig. 6) (USGS, 2005). Compared with the 24 previous years, the summer of
2004 experienced higher than normal inputs to San Antonio Bay from the Guadalupe

River (Fig. 7) (USGS, 2005).
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Fig. 7. 25 years of mean Guadalupe River discharge.

Mean instantaneous discharge of the Guadalupe River for the spring and summer months
of April to September. Each value was measured as a combination of Coleto Creek near
Victoria (station #8177500), the San Antonio River near Goliad (station #8188500), and
the Guadalupe River near Victoria (station #8176500). Discharge into San Antonio Bay
during the summer of 2004 was higher than normal. Notice that mean discharge during
the summer of 2004 was above 160 nt'/s. This was the case only 6 other summers from
1979 to 2003.
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Concentrations of TSS were variable throughout the study and among sites (Fig.
8). Considering the last three weeks of study (where there was data collected at all
stes), Pump Canal tended to be the lowest in mean TSS concentration and Boat Ramp
was highest for two of the thr ee although these were not statistically significant (Fig. 8).
Overdl, TSS was higher at each site during the July 13 to 19 sampling than any other
week. Thelowest TSS values at each site were measured during the August 12 to 18
sampling. During this week however, mean TSS at the Boat Ramp site was nearly twice
that of each other site (Fig. 8). For the other two samplings during which TSS was
measured at Boat Ramp, TSS values were relatively much more similar in value among
stes (Fig. 8).

TSS flux values calculated during this study were usually negative,
corresponding with the magnitude and direction of flow (Appendix A). This meant that
the flux was mostly directed towards the marsh because most flow measured was
negative. The flux values measured at the Boat Ramp site were the most variable during
each week data were collected there. Flux values ranged over the entire study from -
106,000 to +23,000 g TSS/4 hr at SB Creek, from -117,000 to +75,000 g TSS/4 hr at
Pump Canal, and from -128,000 to +54,000 g TSS/4 hr at Boat Ramp (Appendix A).

There was a positive relationship between salinity and TSS (Fig. 9). Salinity
values were generally low throughout the study as a result of high riverine inflows and
direct precipitation(Table 1). Salinity values ranged from 4 to 17 ppt at SB Creek, from

1 (measured during the first week of study) to 16 ppt at Pump Canal, and from 2 to 15
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ppt & Boat Ramp. TSS vaues ranged from 20 to 312 mg/l at SB Creek, from 19 to 238
mg/l at Pump Canal, and from 38 to 296 mg/| at Boat Ramp.
3.3. Bedload Sediment

A loose pattern of bedload movement across the channel transect existed at Pump
Canal. Less sediment was typically trapped on the depositional bank of the stream that
contained seagrass, while more bedload was trapped on the opposite side of the channel
where flow was generally unobstructed. Flow rates were confirmed to be greater along
the unobstructed bank while conducting the hand-held flow measurements described
earlier. Twenty of 27 total bedload samplings had the highest amount of sediment
trapped in the unobstructed half of the channel. The dry weight of bedload measured in
atrap ranged from about 1 g up to 135 g. Of the 27 samplings, a mean of 19.7 g was
measured for the side of the channel containing seagrass and 31.4 g for the unobstructed
side. Not including the five- minute time spans, the ranges of bedload dry weights for the
two main deployment time spans were very similar. For bedload samples collected over
aspan of 15 to 25.5 hrs, the range was 3.55 g (with an outlier of 0.9 g to 135 g. For
amounts collected over a span of 6 to 8 hrs, the range was 6 g to 62 g. The data set
representing the 15 to 25.5 hr trap deployment time contains 95 values and the data set
representing the 6 to 8 hr trap deployment time contains 33 values. Only 6 of the 95
samples were above 60 g

The highest levels of bedload trapped occurred during the July 13 to 19 sampling

period. For al dry weights measured in a sampling period, the mean bedload weight for
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July 13to 19 was 37 g. It was 29 g for June 24 to July 1, 13 g for August 12 to 18, and
14 gfor August 27 to September 3.

The data normalized to one hour did not show these trends as readily (Table 3).
Overal, the mean amount of sediment accumulated was still dightly higher on the
unobstructed side of the channel, but the standard deviations were nearly equal to the
means (Table 3). The sum of al dry masses normalized to the hour for each creek
position did show slightly higher amounts on the unobstructed side of the channel (Table
3).

Sediment thickness above the manmade channel floor also varied with regularity,
both along the transect and over time. Sediment thickness was always greatest on the
side of the channel where flow was obstructed by grass beds and least on the
unobstructed side. Generally speaking, more bedload was trapped where sediment
thickness was least and flow was unobstructed, and less bedload was trapped where
sediment thickness was greatest and flow was impeded by grass beds. The obstructed
bank could be from 5 to 25 cm in sediment thickness above the original channel floor,
and the unobstructed bank could be from 0 to 10 cm (Appendix B).

Barge outflow increased the movement of bedload sediments. In each of the
seven cases where barge outflow could be sampled and compared with natural outflow,
bedload trapped was greater by at least 1.5 g. The greatest difference measured was
nearly 7 g (Fig. 10). If the amount measured can be extrapolated across the channel,
then anywhere from 90 to over 400 g (dry weight) of sediment moved outward along the

bottom in a five- minute period during a single event of barge outflow.
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Table 3. Dry weight of bedload.

Dry weight in grams of the bedload collected from traps normalized to one hour. For
creek position, “O” means the value was collected on the side of the creek obstructed by
seagrass and “U” means the value was collected on the unobstructed side.

Creek Position and Sediment Dry

Sample Date/Time Weight (g) normalized to one hour
O @) U U

12pm6/25-10:45am6-26 2.9 5.9 5.0 n/a
12:15pm6/26-7:15pm6/26 4.0 1.5 1.5 1.2
7:15pm6/26-10:15am6/27 3.0 n/a 2.7 0.7
10:15am6/27-4:15pm6/27 2.0 2.2 9.3 1.1
4:30pm6/27-10:45am6/28 15 0.5 n/a 1.6
10:45am6/28-6:15pm6/28 2.4 1.2 3.9 1.3
6:15pm6/28-1:00pm6-29 0.9 0.6 2.5 n/a
1:00pm6/29-10:15am6/30 0.5 0.6 0.9 1.4
10:15am6/30-9:30am7/1 0.9 0.7 1.5 n/a
1lam7/14-6pm7/14 n/a 8.9 2.5 4.1
6pm7/14-11:45am7/15 2.3 1.3 5.1 3.3
11:45am7/15-12:45pm7/16 1.0 1.2 2.6 2.3
12:45pm7/17-10:45am7/17 0.8 0.6 1.6 2.0
10:45pm7/17-12:30pm7/18 2.9 1.6 1.9 2.5
4:45pm7/17-12:30pm7/18 1.4 1.7 n/a 2.5
12:30pm7/18-12:30pm7/19 n/a 1.9 4.1 5.6
11:30am8/13 to 10:30am8/14 0.3 0.8 0.7 0.4
10:30am8/14 to 9:30am8/15 0.4 1.1 1.0 n/a
9:30am8/15 to 4:30pm8/15 1.5 1.0 n/a 3.7
4:30pm8/15 to 2:00pm8/16 0.3 n/a 0.4 0.5
2:00pm8/16 to 10:00am8/17 0.3 0.4 1.0 0.4
10:00am8/17 to 10:30am8/18 0.5 0.2 0.3 0.9
11:00am8/28 to 7:15pm8/28 0.8 0.7 5.6 1.5
7:15pm8/28 to 10:30am8/29 0.3 0.1 0.4 0.8
10:30am8/29 to 9:15am8/30 0.2 0.5 1.7 0.9
9:15am8/30 to 10:15am8/31 0.6 0.3 0.9 1.1
10:15am8/31 to 11:30am9/1 04 1.0 0.7 n/a
11:30am9/1 to 11:15am9/2 0.1 0.3 0.2 0.4

Sum 32.2 36.7 58.0 40.2

Mean 1.2 1.4 2.3 1.7

Standard Deviation 1.1 1.9 2.2 1.4
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sediment that may have passed all the way through the trap before the doors were shut.
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4. DISCUSSION

4.1. Flow

One of the most prominent characteristics visible in water level and velocity data
isthe influence of a passing barge. A typica response was arapid outflow of water
whichlowered water level by severa centimeters followed by an inflow that refilled the
creek to its previous water level. This occurred in a space of time fewer than ten
minutes. These data are consistent with the work of Stockstill and Berger (2001).
Through modeling, they found that barge- induced currents within Sundown Bay itself
are strongly directed toward the GIWW, which accounts for the observed drawdown of
water level. Throughout the portion of Sundown Bay modeled (which does not include
creeks), drawdown varied between 5 and 10 cm (Stockstill and Berger, 2001). Their
model does not recognize or simulate the secondary currents in the opposite direction
once the barge is passed, which are responsible for reflooding the tidal creeks aswas
shown in the data of this six-week study.

Boat Ramp and Pump Canal each showed effects of passing barges. At Pump
Canal the impact was lessened during low water levels because the creek mouth is
separated from the GIWW by a shallow embayment. Barge impact was not muted at the
Boat Ramp because the creek mouth empties ailmost directly into the GIWW (Fig. 1).
SB Creek did not show any effect during the study.

The imbalance between positive and negative flow that existed during the six
weeks of study was not anticipated. There is no known reason for negative flow to

exceed positive flow in ailmost every case. The first possibility is the equipment took



faulty measurements. The flow meter calculates flow according to the velocity and
water level it measures and the channel dimensions entered into the software. The
highly variable velocity measurements were partly aresult of wind activity. Itis
possible that prevailing wind direction during the sampling period skewed the data
toward inflow. Aswaves rolled up the creek from onshore winds, velocity readings may
have reflected wave direction rather than flow direction. However, northerly winds
persisted during the last two weeks of study, which should have forced water out of the
creeks and into the bays (Table 1). Negative flow continued to be dominant at each site
during these last two weeks of sampling.

A second possibility is that there is some connection between the marshes and
the bay in another location, allowing flow to enter from the bay in one area and exit from
the marshes in another. This circulation pattern has not been observed. If this flow
pattern exists, the Guadalupe River could be the force behind it because of the
substantial discharge it contributed to the system during the months of study (Fig. 7).
The mean discharge from the Guadalupe River between the months of April to
September, 2004 has only been exceeded 6 timesin the last 25 years (Fig. 7). The San
Antonio Bay and surrounding bay system has few inlets between it and the Gulf of
Mexico. The major inlets are Aransas Pass on the southern extent of San Jose Island and
at Pass Cavallo on the northern extent of Matagorda Island. They are 70 and 40 km
from the river mouth respectively. One minor inlet called Cedar Bayou existsin
between and is intermittently open. A hydraulic gradient of high to low must exist

between the river mouth (a constant source of inflow) and the inlets to the Gulf of
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Mexico, inducing ariver-influenced flow pattern. Although they were modeling smaller
systems, Healey, et al. (1981) conclude that water slope may play arolein the
generation of velocity pulses. Further study during periods of lesser discharge from the
Guadalupe River or continuous study over the course of ayear may show correlation
betweenriver discharge rates and the balance of inflow and outflow in the tidal creeks
along the Blackjack Peninsula. Bryce, et al. (2003) suggest that hydrodynamic and
sedimentary sampling durations of up to a month may not be representative of long term
trends. Each of the six sampling periods lasting no longer than a week may only
coincidentally record greater inflow. There may be periods where greater outflow is
recorded.
4.2. Suspended Sediment

Variability occurred in the TSS concentrations within a site, among sites, and
among trips because of the influences of several factors such astide, wind, water level,
and water source. Unfortunately no major storm events took place during the study.
Exposure to the GIWW (i.e. effects barge-induced draw down currents, potential for
wave-induced re-suspension of TSS, etc.) does not appear to be a strong factor because
there were times when SB Creek, the least exposed site, was the highest in TSS
concentration values. During the last three weeks of study, SB Creek was always higher
in TSS than Pump Cana which is more exposed to the GIWW in that it lacks an idand
barrier.

TSSinflux can be correlated with tide because it rises and falls regularly

throughout a sampling period with the water level fluctuations resulting from tidal
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oscillations (Appendix A). Flux isdirectly related to the flow of water as suspended
materials like sediment are carried with the current. For example, the flux values
measured at Boat Ramp had such a high range because of the large amount of water
moving through the creek in comparison with the other two sites. Flow values measured
at Boat Ramp exceeded those measured at Pump Canal and SB Creek by more than
double.

Wind was likely one of the most influential variables but its importance in
controlling TSS exchange and creek hydrodynamics was difficult to discern There are
however some instances where wind can be separated from other variables, such as
when wind was coming from the north and northeast during a sampling period rather
than from the south and southeast as was the case for most sampling periods (Table 1).
During periods of north-easterly winds (the final two sampling periods), the orientation
of the creek at Boat Ramp was aligned with the wind direction(Fig. 1), and TSS values
were higher than at other sites (Fig. 8). During the fifth week of study, mean TSS values
at Boat Ramp were double those at Pump Canal and SB Creek (Fig. 8) whose
orientations are nearly perpendicular to a northeast wind direction (Fig. 1).

The lowest TSS values at all sites were recorded during the sampling period of
August 12 to 18. This week coincides with northerly winds and clear weather. Less
TSS was being resuspended and blown landward as would be the case with southerly,
onshore winds. No precipitation during the sampling period or in the weeks prior to it
meant no major upland runoff was contributing to TSS. Salinity values were also at the

lowest since the first week of study (the positive salinity correlation discussed later).
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The reason for the high TSS values measured during the week of July 13 to 19
(Fig. 8) is not fully understood athough it is likely aresult of some interplay between
water level and wind. Water level dropped throughout the duration of this sampling
period to the lowest water level measured over the course of the study (Fig. 11). More
sediment could have been re-suspended within the bay during lower water levels
because wave base would have been in closer contact with the bottom. Because of
negative flow, higher levels of suspended sediments in the bays would lead to higher
TSS vaues in the creeks. However, during this sampling period Boat Ramp was a net
inflow exception, and positive flow (and therefore a net efflux of sediment) was
dominant throughout the sampling period while the other two sites continued the trend of
negative flow and net influx of sediment (Fig. 12). Positive flow dominated because
water was draining from the lake in response to decreasing water level. TSS vaues
remained high because wave base within the lake became increasingly in contact with
the bottom.

It was noted over the course of the study that a thin layer of sediment had usually
settled onto the top of the bedload sediment traps prior to collection. This layer of
sediment was visibly thicker during the week of July 13 to 19, corresponding with the
higher TSS values measured. Amounts of bedload sediment trapped were also higher
during this sampling period, suggesting that TSS contributes directly to bedload or that
TSS and bedload values are related.

The correlation between salinity and TSSis probably a reflection of water source

which carries two possible explanations. First, water originating from the bay is going to
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TSS flux values for all three sites from the sampling period during July 13 to 19. Notice
that Boat Ramp values are positive nearly the entire time (net efflux) and that Pump
Cana and SB Creek remain negative over most of the sampling period (net influx).



carry more sediment than freshwater coming from the upland through the marsh because
of the greater potential for resuspension within the bay. When salinity was higher, it is
more likely that the dominant source of water was from the bay, which corresponds with
TSS influx being higher. When salinity was lower, upland runoff probably made up
more of the tidal creek water. Water entering the creeks via the marshes as runoff or
groundwater was not contributing as much sediment. However, there was very little
precipitation measured after the month of June. It is possible that localized rainstorms
still impacted the marshes without being recorded in the rain gauge at ANWR
headquarters. Afternoon thunderstorms observed from the field moved in distinct cells
and rained heavily across narrow bands of land.

The second possible explanation regarding the correlation between TSS
concentration and salinity, though beyond the scope of this research, is afunction of
differences in chemistry between fresh water and seawater. It is possible that higher
ratios of seawater to freshwater will lead to higher amounts of TSS in concentration and
that salinity isarelative indicator of the amount of seawater present (Langmuir, 1997).
Certain chemical parameters such as pH and any combination of others may exert
control over the amount of sediment in suspension (Sassen, 2003). When salinity islow,
more freshwater is present, be it from the Guadalupe River or from upland runoff.
Freshwater tends to be of alower pH than seawater for example, and this can promote a
range of particle charges whichcan in turn promote flocculation (Sassen, 2003; Seaman

et al., 1997; Langmuir, 1997).
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The influence storm events, such as hurricanes, have on suspended sedimentsin
these tidal creeksis not known. No major storm events affected the Texas Gulf coast
during this study. Stormsare likely an important mechanism for mobilizing sediment
and transporting it greater distances into the marshes (Davis et al., 2004, Wrenand
Leonard, 2005, Reggmanek et al., 1988), especially when they coincide withperiods of
relatively high water level and incoming tides (Leonard et al., 1995; Stevenson et al.,
1988).

4.3. Bedload Sediment

Bedload movement in Pump Canal was likely a function of the presence of the
seagrass on one side of the channel. This likely impeded water flow resulting in lower
flow velocities for that side of the channel. The slower velocities do not move as much
bedload, and the grass can intercept sediment aready in motion — serving both to trap
bedload and suspended sediment which may settle and become bedload. As aresult, less
bedload was collected in the sampling traps on the obstructed side of the channel and the
sediment thickness on the bottom is gresater.

Little difference between shorter and longer collection periods was observed
because equilibrium is likely achieved as sediment moves all the way through the box
and out the other side. This has been observed by Dr. Daniel Childersin hiswork with
the bedload traps in the Florida Everglades (Childers, D., Personal Communication
2004). After the migrating “front” of bedload sediment has passed through the box, the
layer blanketing the trap floor remains relatively uniform independent of time. It is

dependent on time at a consistent flow rate until the leading edge of bedload sediments
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has reached the downstream end of the box, which can also be inferred from this work.
In this study, the seven samplings targeting barge-induced flow and the natural flow
prior to it are the only ones where the sediment in the trap is closely dependent on time
because they occur at such short intervals and over periods of uniform flow.

The formation of deltaic features that exist at the mouths of the tidal creeksis
likely aresult of outward movement of bedload. These features were noted but never
measured in thisstudy. At SB Creek, the deltais not perceptible, but at Pump Canal, it
IS quite pronounced, as water depth decreases rapidly when exiting the creek mouth.
The Boat Ramp site also has a delta, though it is continually reworked by the high
energy of the nearby GIWW’ s deep water and boat/barge traffic. Given that SB Creek’s
delta was not present and that the site showed no impact from passing barges in the A/V
meter data while Pump Canal’ s delta was pronounced and the site did show impact from
apassing barge, there is a plausible case for barges exerting influence over delta
formation (i.e. the outward movement of bedload).

Bedload moves with the current. Whether more moves in or more moves out of
the system is something that should be quantified in future studies. This can only be
done by monitoring bedload movement within tidal cycles. Unidirectional flow was
sampled during this study only when individual barge passings were being sampled. It
was established that, for the time represented by this study, more suspended sediment
entered the tidal creek than left the tidal creek. Once it is known whether this continues
and whether more bedload moves in or out, then a sediment budget for these tidal creeks

can be established. It could be that bedload is cyclic, and as much moves out with the



tide or abarge passing as movesin. But it could also be that most bedload sediments
move in, like the net influx of TSS. Another possibility is that sediment movement is
relatively balanced, and that sediment enters the tidal creeks suspended and leaves as
bedload.

Wind is potentially afactor positively related to bedload if higher TSS values
within the tidal creeks contribute directly to higher amounts of bedload. Because
bedload moves with current, wind may also be a factor in the event of wind tides, where
current is generated in response to wind direction.

Like TSS, storm events may account for some of the greatest amounts of bedload
transport. Storm events could serve to relocate bedload sediments that have accumul ated
in places such as the creek mouth bars or channel floors. Or they could serve to enlarge
features like the creek mouth bars and add to existing bedload. Such asin the case of
TSS transport, the effect storms have will likely be dependant on other factors such as

tide direction during the storm.



5. CONCLUSIONS AND FUTURE WORK
5.1. Conclusions

There were three major conclusions to be made from this study. First, most
water and TSS passed through the tidal creeks as influx to the marsh. Second, there was
apositive relationship between TSS and salinity. Last, bedload sediments moved with
both natural and unnatural currents. This study suggests that barges may move a
significant amount of bedload.

TSS concentrations were likely based on a relationship among factors such as
proportion of upland runoff versus water from the bays, energy levels and sources of
turbulence present in the bays, water level fluctuations, and winds. It could be
concluded that most sediment in suspension in the system studied at ANWR originated
on the seaward side of the marsh but that the factors controlling TSS concentrations
were variable. Any direct link to the Guadalupe River that may have existed regarding
TSS concentrations could not be distinguished. However, it isapossibility that
discharge from the Guadalupe River could have influenced the inflow of water toward
the marsh Future flow data measured in the tidal creeks at ANWR during years of both
low and high Guadalupe River discharge would be able to better identify any influence
the Guadalupe discharge may have over flow patterns in the marshes.

Bedload sediments within the tidal creeks studied at ANWR were certainly both
mobile through time and responsive to changes in conditions over short periods of time,
specificaly barge-induced drawdown currents. This study did not monitor bedload

sediments at a time scale which could draw further conclusions or see trends in bedload



movement as awhole. It did however monitor them at a spatial scale which suggests
that there was predictable variability across a channel transect controlled by factors such
as vegetation, channel morphology, and current patterns. It could also be concluded that
the linear idand in front of SB Creek dampened the effect of barges.

5.2. Future work

The scope of impact on the marsh of anet influx of sediment should be addressed in
the future through study of processes such as accretion, erosion, and channel deposition.
The net influx may be appropriate in maintaining the balance with regiona subsidence
and sea leve rise. Or, it may be too great and is resulting in the infilling of creeks and
ponds that are crucial to exchange between the marsh and bay systems. Magjor storm
events, though none occurred during this study, probably play an important role in
sediment transport and maintenance in the system and should certainly be targeted in
future study so that their influence on both suspended and bedload sediments can be
monitored.

There are multiple explanations regarding the positive correlation that exists between
TSS and salinity, each of which discussed here suggest that salinity is an indicator of
water source. This study can only make an inference about the importance of this
relationship. More work should be done that focuses on water chemistry and pH in
relation to TSS concentrations. These correlations may prove important to understand
with regard to freshwater diversion from the Guadalupe River because removal of a
portion of the freshwater input will likely increase the proportion of seawater relative to

freshwater along the marshes. This change could ater the chemistry of the water and
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potentialy the behavior of sediment transport as awhole. There are implications that
will need to be made concerning ecological and geomorphologic impacts with regard to
an increase in seawater potentially leading to higher concentrations of suspended
sediments.

Future work with TSS in this system should not only consider the impact of net
influx on the marsh through study of such parameters suggested earlier, but should also
narrow the study to more directly assess the effect of bargeson TSS. The four- hour
sampling scheme used in this research was too infrequent for assessing barge influence
on TSS.

Another recommendation for future analysis of TSS and bedload samples would be
to ash the suspended sediment collected on the filters and the bedload collected in the
traps in order to determine the percent organic matter. This would help in making
inferences about sediment origin and may be useful in addressing issues such as the
higher TSS concentrations that were present during the sampling period of July 13 to 19
which may be attributable to higher amounts of organic matter. It would aso be useful
to subject the mineral component of the sediment to x-ray diffraction to learn its
composition.

A useful element to include in the future would be a series of pieziometers that can
reveal groundwater flow trends from the uplands to the bay along the Blackjack
Peninsula. Thiswould help in understanding variation in salinity and the relationship
that exists between salinity and TSS. It was concluded that salinity is likely an indicator

of water source and such hydrologic data, as would be obtained from pieziometers,
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would be useful in determining whether groundwater is ever a significant source of
water in the tidal creeks at ANWR.

The overall impact of barges and the influence they exert on the movement of
bedload sediments and flocculated material should be further studied, with attention
given to the formation of creek mouth bars or deltas. With the conclusion that the linear
island in front of SB Creek dampened the effect of barges, it may be prudent to consider
a study that seeks to determine whether barge influence is helpful or detrimental to creek

and marsh sustainability.



REFERENCES

Bryce, S.; Larcombe, P., and Ridd, P.V., (2003). Hydrodynamic and geomorphological
controls on suspended sediment transport in mangrove creek systems, a case study:
Cocoa Creek, Townsville, Australia. Estuarine, Coastal and Shelf Science 56, 415-
431.

Cdlaway, J.C., DeLaune, R.D., and Patrick, W. H., Jr., (1997). Sediment accretion rates
from four coastal wetlands along the Gulf of Mexico. Journal of Coastal Research
13, 181-191.

Childers, Danid L., (2004). Associate Professor, Florida International University.
Personal Communication.

Christiansen, T.; Wiberg, P.L., and Milligan, T.G., (2000). Flow and sediment transport
on atida salt marsh surface. Estuarine, Coastal and Shelf Science 50, 315-331.

DavidsonArnott, R.G.D.; van Proosdij, D.; Ollerhead, J., and Schostak, L., (2002).
Hydrodynamics and sedimentation in salt marshes. examples from a macrotidal
marsh, Bay of Fundy. Geomorphology 48, 209-231.

Davis, S.E. Ill, Cable, J.E. Childers, D.L., Coronado-Molina, C., Day, JW. Jr., Hittle, C.
D., Madden, C. J,, Reyes, E., Rudnick, D., and SKlar, F., (2004) Importance of storm
events in controlling ecosystem structure and function in a Florida gulf coast estuary.
Journal of Coastal Research 20, 1198-1208.

DelLaune, R.D., Baumann, R.H., and Gossdlink, J.G., (1983). Relationships among
vertical accretion, coastal submergence, and erosion in aLouisiana gulf coast marsh.
Journal of Sedimentary Petrology 53, 147-157.

Hildrew, A.G. and Townsend, C.R., (2002). Phosphorus cycling and partitioning in an
oligotrophic everglades wetland ecosystem: a radioisotope tracing study.
Freshwater Biology 438(11), 1993-2008.

Langmuir, D. (1997). Aqueous Environmental Geochemistry. Prentice Hall, Upper
Saddle River, N J.

Leonard, L.A.; Hine, A.C.; Luther, M.E.; Stumpf, R.P., and Wright, E.E., (1995).
Sediment transport and processes in a west-central Florida open marine marsh
tida creek; therole of tides and extra-tropical storms. Estuarine, Coastal, and
Shelf Science 41, 225-248.



49

Leonard, L.A., and Luther, M. E., (1995). Flow hydrodynamicsin tidal marsh canopies.
Limnology and Oceanography 40(8), 1474-1434.

Leonard, L.A., (1997). Controls of sediment transport and depostion in an incised
mainland marsh basin, southeastern North Carolina. Wetlands 17(2), 263-275.

Lower Guadalupe Water Supply Project, The. Accessed on April 5, 2003.
http://www.lgwsp.org/

Maynord, S.T. and Siemsen, T.S,, (1991). Return velocities induced by shallow-draft
navigation. Hydraulic engineering; proceedings of the 1991 national conference,
Nashville, TN, 894-899.

Remanek, M., Sasser, C.E., and Peterson, G.W., (1988). Hurricane-induced sediment
deposition in a gulf coast marsh. Estuarine, Coastal, and Shelf Science 27, 217-222.

Rivers, E.D.; Halmark, C.T.; West, L.T., and Drees, L.R., (1982). A technique for rapid
removal of gypsum from soil samples. Soil Science Society of America Journal
46(6), 1338-1340.

Sassen, D.S,, (2003). Pseudokarst topography in a humid environment caused by
contaminant-induced colloidal dispersion (99pp.). Master's Thesis, Texas A&M
University, College Station.

Seaman, J.C.; Bertsch, P.M.; and Strom, R.N., (1997). Characterization of colloids
mobilized from southeastern coastal plain sediments. Envrionmental Science and
Technology 31(10), 2782-2790.

Stevenson, J.C., Ward, L. G., and Kearney, M.S,, (1988). Sediment transport and
trapping in marsh systems. implications of tidal flux studies. Marine Geology 80, 37-
59.

Stockstill, R.L. and Berger, R.C., (2001). Simulating barge drawdown and currentsin
channel and backwater areas. Journal of Waterway, Port, Coastal, and Ocean
Engineering Sept/Oct, 290-298.

Sutula, M.A.; Perez, B.P.; Ryes, E.; Childers, D.L.; Davis, S.E., Day, Jr.,JW.; Rudnick,
D., and Sklar, F., (2003). Factors affecting spatial and temporal variability in
material exchange between the southeastern Everglades wetlands and Florida
Bay (USA). Journal of Estuarine, Coastal, and Shelf Science 57, 757-781.

Texas Coastal Ocean Observation Network. Accessed on August 20, 2004.
http://dnr.cbi.tamucc.edu/TCOON/HomePage
Division of Nearshore Research.



50

Trimbak, M.P.; McAnally Jr. W.H.; ard Teeter, A.M., (2001). Desktop method for
estimating vessel-induced sediment suspension. Journal of Hydraulic Engineering
127(7), 577-587.

United States Geological Survey (USGS). Accessed on March 8, 2005.
http://waterdata.usgs.gov/

Wang F.; Lu. T., and Sikora, W., (1993). Intertidal marsh suspended sediment transport
processes Terrebonne Bay, Louisiana, USA. Journal of Coastal Research 9, 209-
220.

Wren, P.A. and Leonard, L.A., (2005). Sediment transport on the mid-continental shelf
in Ondow Bay, North Carolina during Hurricane Isabel. Estuarine, Coastal, and
Shelf Science 63, 43-56.



APPENDIX A

FLUX GRAPHS FOR EACH SAMPLING PERIOD

g TSS 4hr*t
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g TSS 4hr*

100000
80000
60000
40000
20000

0

-20000

-40000

-60000
May 17 to 21

|—0—SB (no data) —&—PC BR (no data) |

0
-20000
-40000
-60000
-80000

-100000
-120000
-140000

June 6 to 12

——SB —=—PC BR (no data)

30000
20000
10000

-10000
-20000
-30000
-40000
-50000
-60000
-70000

June 24 to July 1

—e—SB —8—PC (no data) BR (no data) |
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APPENDIX B
CROSS-SECTIONS OF BEDLOAD THICKNESS AT PUMP CANAL

(MEASUREMENTS TAKEN ONCE PER SAMPLING PERIOD)
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