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It has been proposed that placing a geotextile over sediments with adsorbed
contaminants can prevent bioaccumulation of the contaminants in larger animals by
isolating the benthic organisms living within these sediments from fish.

In

conjunction with a field study carried out at Gull Creek, a laboratory study testing two
geotextiles as biointrusion barriers and sediment filters was conducted.
Constant-head permeameters were run for seven days using cores from the
field study area with a geotextile placed over the cores. For biointrusion barrier
tests, medium sand was placed over the geotextile and spiked with nutrients.
Following each trial, benthic organisms in the overlying sediments and in the cores
were enumerated. Geotextiles tested as sediment filters had filters placed at the
effluent tube of the permeameters, which allowed for the dry mass of sediment that
passed through the geotextiles to be determined.
The geotextiles effectively prevented between 90 to 95% of the benthos from
crossing into the overlying sediment. Only 0.006 to 0.012% of sediment was allowed
to pass through the geotextiles. The study indicates that geotextile applications over
contaminated sediments are a feasible and potentially effective remedial alternative.
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CHAPTER I
INTRODUCTION
Contamination of Surface Waters
Contaminated surface water sediments are an immense environmental
problem throughout the world, especially in major rivers in developed countries.
For example, the Kalamazoo River in Michigan is heavily contaminated with
polychlorinated biphenyls (PCBs). The contamination is the result of deinking
operations used by paper companies along the Kalamazoo River and its
tributaries (KRWPAC, 2000). This river was the driving force that led to the
inception of the remedial method that will be discussed. According to the United
States Environmental Protection Agency (USEPA) and the Michigan Department
of Environmental Quality (MDEQ), the extent of contamination is about an 80mile stretch of river, which starts at Morrow Lake Dam and ends at the mouth of
the Kalamazoo River where it empties into Lake Michigan.

As a result, the

Kalamazoo River is the third largest source of PCBs to Lake Michigan.

It has

been estimated that over 8 million cubic yards of sediment are contaminated in
the river and the floodplain, and 110,000 pounds to 350,000 pounds of PCBs are
contained within those sediments.

Remediation Methods
Dredging
Dredging has been the standard remediation method for contaminated sediments
in rivers, lakes and harbors over the past 30 years. This method often raises
debates over effectiveness and possible further contamination. During dredging,
1

turbidity is created, typically observed as a cloud of suspended sediments.
Goossens and Zwolsman (1996) identified two major side effects that can result
if the dredge does not capture this sediment: (1) contaminated sediments can be
dispersed to surrounding areas and settle, forming a new top layer, and (2)
possibly-contaminated sediments below dredged sediments may be exposed to
different environmental conditions, for example from anoxic to oxic conditions,
which can cause dissolution of certain contaminants.
Measures can be taken to minimize the dispersion of suspended
sediment. Special dredging equipment such as vacuum/suction dredges can be
used to try to pull in any sediment disturbed. Additionally, protective screens
such as silt screens can be placed through the vertical extent of the water
column around the area being dredged to catch any sediment that is not
captured by the dredges (Goossens and Zwolsman, 1996; Bremle et al., 1998).
Bremle et al. (1998) conducted a study during a sediment remediation project
taking the measures discussed above and found that contaminant concentrations
at the lake outlet were not significantly higher comparing pre- and postremediation samples. There are instances when dredging is the only solution. If
sediments are very heavily contaminated in local areas and are acting as
sources of further contamination, dredging is necessary. However, dredging may
not be necessary for sediments that are moderately contaminated. Dredging is
very costly, and dredge spoils must be disposed of somewhere following
remediation.

A Remedial Alternative
A new method is proposed for managing in place sediments contaminated
with PBTs (Persistent, Bioaccumulative Toxins), such as PCBs, polyaromatic
hydrocarbons (PAHs), lead and mercury. This method could be called anchored
permeable geotextile biointrusion barriers.

Briefly, the concept is that

contaminated sediments could be managed in place using a permeable
geotextile layer to prevent biointrusion by benthic organisms or sediment-mining
2

fish.

Fish make up many links in the food chain and can have high

concentrations of contaminants in their bodies (KRWPAC, 2000).

The main

pathway of contaminants include from sediments to benthic invertebrates to
waterfowl and fish to other birds, mammals and humans.

This biointrusion

barrier is held in place, or “anchored”, against erosion by water currents using
sand, gravel and/or cobbles as required by the currents.

Additionally, the

geotextile would prevent the resuspension of sediments by larger animals, such
as waterfowl, fish and deer. This was demonstrated by a study conducted by
Henry et al. (1995).

A geotextile would also filter out a large portion of the

sediments with adsorbed contaminants as water passes up through them. There
are many different geotextiles, some developed to stabilize stream banks against
erosion, others for draining leachate from underneath landfills. The particular
geotextile fabric chosen, and the thickness and grain size of the anchoring
layers, should be determined on a site-specific basis, taking into account the size
of the predominant benthic organisms to retain beneath the geotextile barrier and
the water currents to be overcome.
The anchored permeable geotextile biointrusion barrier would be an
improvement over the subaqueous capping in place method, which would cut off
sediments from the surroundings and also likely terminate biodegradation. In
contrast, the permeable geotextile biointrusion barrier would allow groundwater
to continue to feed the surface water body. It would also allow biodegradation of
organic contaminants such as PCBs and PAHs to slowly continue by keeping the
environment oxic, in contrast to a subaqueous cap. Nevertheless, an approach
relying upon natural biodegradation of contaminants would not remove the
contaminant mass at an adequate rate to satisfy regulatory agencies or
community residents.

Contaminants
It is important to note that this new method would only be effective on
sediments with adsorbed contaminants. Generally, the contaminants that most
3

often adsorb to river sediments are PBTs. PCBs behave similarly to PAHs and
heavy metals in terms of adsorption. The first two contaminants listed above are
organic compounds. If contaminants are not tightly adsorbed and thus dissolve
into solution, they would easily pass through the geotextiles along with the water.
This can occur over the long-term or when the conditions to which sediments are
exposed change. The effects caused by the exposure of sediments to different
environmental conditions varies greatly and is highly dependent on the
contaminant characteristics, as well as the specific condition that has changed.
Oxidation of sulfides can liberate heavy metals that were under anoxic
conditions.

Adsorbed contaminants could dissolve into solution under the

changed conditions, even PCBs as indicated by Cornelissen et al. (1998) and
Archman et al. (1996). Any process that allows a contaminant to leave the solid
or solid bound state poses a problem to the remediation method on which the
field and laboratory studies were based.

Field Study
In the field portion of this study, geotextile barriers were applied to soft
sediments (sands and finer) because such sediments are expected to be the
most contaminated. Organisms that live on or in such sediments in streams,
rivers, and lakes fall into two general categories: the meiofauna (operationally
defined as those animals retained on a 40-µm sieve but passing through a 500µm sieve) and macrofauna (retained on a 500-µm sieve) (Thorp and Covich,
2001). Because the maximum pore size in all of the geotextile fabrics that we
are testing is < 250 µm, we are most concerned with the ability of the fabrics to
constrain movement of the meiofauna. Stream and river meiofauna communities
are typically dominated by rotifers (Rotifera), harpacticoid and cyclopoid
copepods (Crustacea: Copepoda), small (young) chironomid larvae (Diptera:
Chironomidae), naidid and enchytraeid oligochaetes (Annelida: Oligochaetae),
and nematodes (Nematoda). All of these groups are well represented in soft
sediments in Gull Creek.

In addition, ostracods (Crustacea: Ostracoda) are
4

common in many locations.

Gammarid amphipods (Crustacea: Amphipoda)

often dominate the soft sediment macrofauna, but even juvenile gammarids are
too large to pass through geotextile pores, so their movement was not expected
to be a problem.

Because they prey upon microbial communities in the

sediments and are themselves preyed upon by stream macrobenthos and fish,
the meiofauna are important in energy flow in aquatic systems and in linking
microbes to large invertebrate predators and fish (Thorp and Covich, 2001).
Thus, breaking this link should markedly affect rates of contaminant
bioaccumulation in higher trophic levels.

Laboratory Study
A laboratory study was undertaken to examine the ability of two
geotextiles to effectively prevent biointrusion of benthos through them and also to
examine the effectiveness of geotextiles as sediment filters.
study allowed control over the various variables in play.

The laboratory

With this control,

comparisons could be made with a large degree of certainty. The goals in this
study were to determine which of the geotextiles: 1) prevent organisms from
moving up through the geotextile into the overlying sand, 2) prevent sediments
from moving up through the geotextile, and 3) clog or become less permeable to
water. Tests were conducted using constant-head permeameter columns with
various combinations of sediment types, geotextile types and geotextile test
types (biointrusion barrier and sediment filtration). The test of geotextiles as
biointrusion barriers would indicate the ability of the geotextiles to prevent the
migration of organisms, which have uptaken contaminants into their body
structure, into the water column (water column-sediment interface). The test as
sediment filter would indicate the ability of the geotextile to prevent the migration
of sediments, which have adsorbed contaminants, into the water column.
Following the completion of two series of tests, analyses discussed below were
completed, and the effectiveness of the two geotextiles was determined.

5

CHAPTER II
METHODS AND MATERIALS
Geotextiles
Amoco manufactured the two geotextiles being used in the field study and
tested in the laboratory study. Non-woven geotextiles were chosen due to the
inherent connectivity of polymer fibers, which results in a smaller apparent
opening size (AOS). The specific geotextiles tested were #4512 and #4553.
Tables 1a and b show various properties of the geotextiles that were determined
in accordance with ASTM standards by the manufacturer. Geotextile 4512 is
visibly thicker than geotextile 4553. This can be observed by comparing the
strengths and the flow rates reported in the table. For this reason, only 4512 was
used in the field study.

Field Study
Two test patches were placed in an uncontaminated stream. This was
part of a test of the geotextile’s ability to prevent biointrusion. Four, 3 by 3 meter
square patches of stream sediments were sampled in November 2001 in Gull
Creek near Kalamazoo, Michigan, for benthic density. Five core samples (area =
5.07 cm2 per core) were taken in each patch and preserved with 10% formalin
with rose Bengal stain added to facilitate separating invertebrates from the
sediment. Two of those areas were subsequently covered with non-woven
geotextile patches the same day as the sampling event. The other two areas
were experimental controls. All patches were marked with large cobbles at each
corner. The patches were held in place against the current by a 1 to 2 cm thick
6

anchoring layer of sand and pea gravel. The patches were inspected biweekly to
monthly; often, stream velocities were measured. The patches varied between
59 and 70 cm below the water surface. Velocities measured using a MarshMcBirney electromagnetic sensor at 20% and 80% of the total depth were less
than 30 cm/s. In late April 2002 the downstream patch was sacrificed to sample
underneath for benthic density. We also measured the benthic density in the
nearest control area. Five core samples were taken from each area.
Table 1. Amoco Geotextile Properties
Table 1a. Strength Properties
Grab Tensile Grab Tensile
Strength
Elongation
GEOTEXTILE
lb
%
STYLE
kN
300
50
4512
1.33
203
4553
50
0.9
Table 1b. Other Properties
UV
Resistence
%@
GEOTEXTILE
500
hr
STYLE
4512

70

4553

70

Apparent
Openning Size
US Sieve
mm
100
0.15
100
0.15

Mullen
Burst
psi
Kpa
650
4480
400
2750

Puncture
lb
kN
195
0.865
130
0.575

Permeability

Permittivity

cm/sec

sec

0.2

0.09

N/A

1.5

-1

Trapezoid
Tear
lb
kN
115
0.51
80
0.355

Flow Rate
gal/min/ft2
2
l/min/m
65
2640
110
4470

Laboratory Study
The permeameter study followed a completely crossed factorial design.
Combinations of the two sediment types, two geotextile types and two geotextile
function types (sediment filtration and biointrusion barrier) were repeated three
times, which constituted a series. Of the two sediment types, one was a sandy,
compact sediment near the center of the stream channel (denoted as firm
sediment in Table 2) and the other was a muddy sediment nearer the stream
7

bank (denoted soft sediment). For the biointrusion barrier test, the focus was the
migration of organisms through the geotextiles therefore; the organisms were
kept alive in the sediments sampled. For the sediment filtering tests, organisms
were inconsequential; to prevent organisms from getting through the geotextile
and skewing the sediment results, organisms were killed before trials.

The

details are discussed below. Two series of tests were conducted. Four trials
were necessary to complete a series. A trial consisted of six permeameters with
water running through them for one week. Combinations of treatments were
randomly assigned to trials and permeameters. A random number table was
developed to randomize the sampling and combinations. Table 2 shows the
sampling schemes used for both series.
Table 2. Sampling Scheme Generated from a Random Number Table
Series 1
Permeameter
1
2
DF2
LS1
DF1
LS2
LF1
DS1
LF2
LS1

Trial
1
2
3
4

Test Type
L = alive (organism test)
D = dead (sediment test)

3
DS1
LS2
LS2
DS2

4
LF1
LF2
DS1
DF1

5
LF1
DF2
LS1
DF1

6
DS2
LF2
DS2
DF2

Sediment Type
F = firm sediment
S = soft sediment

Geotextile Type
1 = geotextile 4512
2 = geotextile 4553

3
LF1
DF1
DF1
LS2

5
DF2
LF2
DS2
DF1

Series 2
Trial
1
2
3
4

Permeameter
1
2
LF1
LS1
DS2
LF1
LS1
LS1
LS2
LF2

4
DS1
LF2
DS2
DS1

6
DS1
DF2
LS2
DF2

Hardware Set Up and Operation
Acrylic permeameters were used which were in five segments with the
bottom segment alone and the middle two and the top two segments
permanently connected.

The permeameters were designed so water would

move upward through sediment, then through a geotextile into the overlying
8

water column to simulate water flow in a gaining stream system. An influent hole
was made in the bottom segment and an effluent hole was made in the top
segment of each permeameter. The influent hole had a ⅛ inch Tygon tube
leading into it from a holding tank with a constant head fed by tap water. The
tank had six tubes attached at the bottom; each tube went to a permeameter
(Picture 1, Appendix B). Air was bubbled through the water in the tank to remove
chlorine. Having chlorine in the tap water could have had adverse effects on
organisms, such as death. The residence time of water in the holding tank varied
for each set of trials due to the different permeabilities of the sediment
combinations in each trial. However, the average residence time was found to
be approximately 9.5 minutes. Chlorine was probably not completely removed.
However, enough was removed to allow organisms to survive; chlorine did not
seem to be a factor in the experiment. The effluent hole in each permeameter
had a ⅛ inch Tygon tube leading to a filter, which collected the sediment that
passed through a geotextile. Picture 2 in Appendix B shows a trial completely
set up.
Prior to collecting the cores, filters were weighed on an analytical scale,
which has an accuracy of 0.0001 grams. In addition, geotextiles were placed in
the permeameters. To do this a metal disk containing a screen US sieve size 6
is placed in the opening on the bottom of the top two sections of the
permeameters. This acts as brace or a skeleton for the geotextile to prevent
bowing once water begins to flow through it. A geotextile is then placed on the
sieve and sealed around the edge with silicone caulk to prevent anything
circumventing the geotextile. This was done at least 24 hours prior to sampling
and assembly of the permeameter to allow the caulk to degas and prevent
adversely affecting the benthos. Sediment cores were collected directly into the
lower pair of segments used in the permeameters (Picture 3, Appendix B).
These were collected from Gull Creek, the location of the field application portion
of the study. The segments were sealed with stoppers and promptly returned to
the laboratory. During the cooler spring months, cores that were to be used for
biointrusion tests went directly into a refrigerator, which had a thermostat control
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placed at 40° F. The first series of the experiment was conducted from March
through early May of 2002 when the stream and sediment temperatures were
very close to this constant temperature. This prevented shock and death of
organisms contained within the sediment samples due to rapid increase in
temperature.

The second series of the experiment was conducted from late

September of 2002 through November of 2002. During this time it was not as
necessary to refrigerate cores at such low temperatures. Cores that were to be
used for sediment filtering tests were placed in boiling water for 15 minutes to kill
any organism in the core to prevent them from getting through the geotextiles
and collecting on the filter that was weighed for sediment (Picture 4, Appendix B).
To assemble the permeameters, a metal disk containing a screen US
sieve size 270 was placed in the bottom opening of the segments containing the
core to support the core and prevent it from falling into the bottom segment. A
bead of waterproof adhesive was placed on the top of the bottom segment. The
bottom and middle segments
were then joined.

Similarly,

the middle and top segments

Water Out

were attached. In the case of

To Filters

the

biointrusion

permeameters,
centimeters

barrier

2.5

of

to

3.0

fine-grained

sand was placed in the top
segments

Top Sediment

after

permeameter

was

Geotextile

the
fully

River
Sediment
Core

assembled. This was done to
provide a habitat that would
sustain organisms that got
through

the

Additionally,
powdered

geotextiles.
a

pinch

Tetra-Min

Water In
From Water Source

of
fish

flakes was mixed with the

Figure 1. Schematic of Permeameters
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sand to give benthos added incentive to get through the geotextiles. Caps were
placed on the permeameters, which were then placed in vice-like vertical frames.
Figure 2 shows the basic setup of the permeameters. During the first series of
the experiment the permeameters were placed in a refrigerator to simulate field
conditions to which the benthos were acclimated at the time.

This was not

necessary during the second series due to high air and water temperatures in the
field.
Once the permeameters were in place, the influent water tubes and the
effluent water tubes were attached using waterproof adhesive. Geotec 0.45micron glass fiber filters or Whatman GFC 1.0 micron glass fiber filters were
positioned at the end of the effluent tubes from permeameters to collect sediment
(Picture 5, Appendix B). A change was made from the Geotec filters to the
Whatman filters after the second trial in the first series. Picture 6 in Appendix B
shows a closer view of the permeameters and the filters. Plastic wrap was laid
over the tubes and filters to prevent dust settling on them and water dripping into
them. During the first two trials of the first series, the Geotec filters were used.
It was found that these filters did not maintain their integrity during and after the
drying process. Therefore, during trials three and four of the first series and the
entirety of the second series the Whatman filters were utilized. Once everything
was ready, the laboratory-grade demineralized water was turned on and
continued to run for seven days. To further replicate field conditions, a lamp was
placed above the permeameters and plugged into an outlet timer. The timer was
set to simulate daylight hours at that time of year.
When each weeklong trial was over, several tasks were completed. The
first was to determine the flow rates of the permeameters. This was done by
taking the effluent tubes that were draining through the filters and placing them
into separate containers and allowing the water to collect for ½ hour.
discharge water volume was measured in a graduated cylinder.

The

Given the

volume of water and accumulation time, a flow rate for each permeameter was
determined. Next, the permeameters were taken apart. The segments of the
biointrusion barrier permeameters were carefully separated, with the fine white
11

sand above the geotextile placed into one container and the sediment core
placed into another container. The sediments were preserved so organisms did
not degrade and could be enumerated.

Finally, the filters, which had been

collecting sediment from the effluent tubes, were placed in a drying oven at
105°C for 24 hours. The filters were weighed following drying to determine the
mass of sediment collected on them. The results of these measurements would
be used in more of a qualitative fashion. The amount of sediment can be seen
as an indicator of the amount of adsorbed contaminant that could move with it.
Sediment Analysis
In addition to the sediment cores collected, a large sample of each
sediment type was collected to conduct grain size and organic content analyses.
To determine the grain size distribution, standard sieving techniques were used.
Dry sieving was done on the firm sediments from the center of the stream
channel. Wet sieving was necessary for the muddy bank sediments. The final
sieving was done using a set of the following U.S. sieve sizes: #10, #18, #35,
#60, #120, #230 and a pan. Dried sediments were put in the sieve set and
placed into a mechanical shaker for five minutes. Following shaking, sediments
retained by each sieve size were weighed and recorded. Resulting grain size
data was converted to the phi scale. The phi scale for describing sediment size
is a logarithmic scale based on the diameter of grains in millimeters. This allows
for much more meaningful graphic representation.

Eqn. 1 shows the

relationship.

φ = − log 2 d

Eqn. 1

The Loss-On-Ignition (LOI) method was used to determine the percent of
organic content by weight. This is a modification of a method discussed by BenDor and Banin (1989) and was described in depth by Nelson and Sommers
(1996).

Ten porcelain crucibles were cleaned and placed empty in a muffle

furnace at 400°C over night.

After cooling, the weight of each crucible was
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determined. Sediments were placed in the crucibles and dried at 105°C for 24
hours. Dry weights of the sediments were determined by subtraction. Crucibles
containing the sediments were placed into a muffle furnace at 400°C for 24
hours. The crucibles were then removed from the furnace and weighed. The
LOI content of each sample was determined according to Eqn. 2 (Nelson and
Sommers 1996).

Eqn. 2

LOI ,% =

Weight105 − Weight 400
× 100
Weight105

This was conducted using five samples for each of the two sediment
types. After calculating the LOI of each sample, the samples within a sediment
type were averaged to determine a mean organic content of the sediments.

Benthic Organism Identification and Enumeration
In both the field and the laboratory studies, individuals extensively trained
in invertebrate biology and identification enumerated organisms using a
dissection microscope.

Organisms were identified to the Class level.

Each

sediment sample was thinned using a 125 µm sieve and water. The sieve size
was selected at the discretion of the identifiers to ensure a very minimal loss of
organisms. Parts of a sample were successively placed into a petri dish until the
entire sample was enumerated.
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CHAPTER III
RESULTS
Field Study
In all patches, the infaunal community was dominated by copepods,
amphipods, oligochaetes, and roundworms. Total invertebrate density ranged
from 71,441 to 234,057 individuals/m2. In April 2002, total invertebrate density in
the control patch sampled was 69,862 individuals/m2, with copepods,
roundworms, and oligochaete worms accounting for 28.8, 31.1, and 15.8%,
respectively, of all individuals.

By contrast, the geotextile-covered patch

contained only 4359 individuals/m2 and 2 taxa (roundworms: 65.2%; ostracods:
34.8%).

Thus, benthic invertebrate density was reduced by 94.5% in the

geotextile-covered patch relative to the control after six months. In November
2002, benthic density under the other test patch was reduced by 93.1% relative
to the control after 12 months.

Laboratory Study
The results are separated into the two types of permeameter tests,
biointrusion and sediment filtering. It is also important to recall that two types of
sediments were used in the tests. Tables A1 and A2 in Appendix A show the
data collected for Series 1 and Series 2, respectively. The results for the
sediment analysis and determination of the organic content follow the main
results.
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Geotextiles as Biointrusion Barriers
The permeameters testing geotextiles as biointrusion barriers yielded very
informative results. Table 3 summarizes data from those tests. The values in
the “number” columns are the values found during the identification and
enumeration of organisms in the cores and top sediments. The proportion of
organisms that are assumed to have crossed through the geotextile was
calculated by dividing the number that crossed by the total number counted
above and below the geotextile.

The specific organisms that crossed the

geotextiles are important to note and will be discussed later.

Some very

straightforward observations can be made by examining Table 3.

The firm

sediments contained a little over two times the number of organisms found in the
soft sediment. Six times fewer organisms crossed the geotextiles in the soft
sediments than in the firm. In terms of raw counts, fewer organisms got through
geotextile 4512 than through geotextile 4553.

However, the proportion of

organisms that crossed the geotextiles had to be considered for statistical
analyses.
To validate the data, t-tests were conducted on the data from the
biointrusion tests, specifically the proportion of organisms that crossed the
geotextiles. These were grouped by geotextile type. For each geotextile, it was
determined that the proportion of organisms that crossed the geotextile was not
significantly greater than zero:
For 4512: mean ± SE: 5.0 ± 2.5%; t11 = 0.57, P > 0.5
For 4553: 3.6 ± 1.7; t11 = 0.58, P > 0.5
It is important to note that these statistics do include data from the first trial of the
first series. In this trial, types of organisms were observed in top sediment that
could only have gotten there by going around the geotextile. Following this,
modifications were made and edges of the geotextile were more properly sealed.
Therefore, more organisms were counted than actually crossed a geotextile,
resulting in worst-case numbers.
One of the main goals of this study was to determine which of the two
geotextiles was more effective as a biointrusion barrier. While the raw data says
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that 4512 prevented 95% of benthos from moving through it and 4553 prevented
96% of benthos from moving through it, the statement that 4512 is more effective
than 4553 cannot be made. An analysis of variance (ANOVA) determined that
the two geotextiles are not significantly different from one another. Table A3a
(Appendix A) is the ANOVA table calculated.

In the row labeled Geotextile

Types, the P-value is 0.626256. In this context, a P-value greater than 0.05
indicates that neither of the variables within a source of variance has a greater
variance than the other.
Geotextiles as Sediment Filters
The permeameter tests for sediment filtering had very consistent results.
For geotextile 4512, the maximum percentage of sediment contained within the
cores that passed through it and collected onto the filter was 0.02.

The

maximum percent that passed through geotextile 4553 was 0.03.

Both

geotextiles allowed 0.01 percent of sediment to pass through on average. Table
4 summarizes the results of the sediment filtering tests. The mass of sediment
that passed through the geotextiles per liter of water (mg/L) was also calculated
to allow for normalized comparison. With the noted outlier not considered, 4512
allowed 0.17 mg/L through while 4553 allowed 0.21 mg/L to pass through. An
ANOVA was also conducted on these data.

Overall, the two geotextiles

performed similarly.
Consideration had to be given to the possibility that sediment that passed
through the geotextiles could settle out of suspension onto the top of the
geotextiles. Sediment was not visibly observed on the top of any geotextiles in
permeameters testing sediment filtering at the conclusion of the trials. However,
Stoke’s Law calculations were done to determine if the flow velocities in the
permeameters were great enough to prevent the settling of sediments of various
sizes.

Eqn. 3 was used to carry out the calculations (Boggs, 1995). According

to Boggs, Stoke’s Law accurately predicts settling velocity of particles in water
only for particles up to 0.2 mm in diameter.
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Eqn. 3

2
1 ( ρ s − ρ f ) gd
V=
18
µ

Table A4 in Appendix A summarizes the range of velocities observed in the
permeameters and settling velocities given various grain sizes.

Chart 1

represents this data graphically. Note that the Permeameter Flow Velocities have
no grain size correlation. Their display order is for aesthetics only. Based upon
these calculations, all velocities observed within the permeameters are greater
than the settling velocity calculated for the largest particle (0.21 mm). Recall that
the AOS of the geotextiles is 0.15 mm. Given this, of the sediment that passed
through the geotextiles, very little if any sediment was allowed to settle onto the
top of the geotextiles during the trials.

Chart 1
Permeameter Velocities vs. Stoke's Law Velocities
1
0.1
0.01
0.001

Velocity (cm/s)

0.0001
1E-05
1E-06
Calculated Stoke's Velocities

1E-07

Permeameter Flow Velocities

1E-08
1E-09
1E-10
1E-11
1E-12
0.00001

0.0001

0.001

0.01
Grain Size (mm)
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Table 3. Summary of Biointrusion Permeameter Tests
Number of Number of
Proportion
Organisms Organisms
Organisms Crossed
Crossed
which
Below
Geotextile
Sediment
Crossed Geotextile
Geotextile
Type Geotextile
Geotextile
Soft
4512
13
3
0.19
1copepod, 2 oligochaetes
Soft
4512
17
0
0.00
Soft
4512
7
0
0.00
Soft
4512
0
0
0.00
Soft
4512
9
0
0.00
Soft
4512
1
0
0.00
Firm
4512
29
0
0.00
Firm
4512
29
0
0.00
Firm
4512
11
3
0.21
3 oligochaetes
Firm
4512
5
1
0.17
1 ostracod
Firm
4512
4
0
0.00
Firm
4512
26
1
0.04
1 oligochaete
Soft
4553
22
0
0.00
Soft
4553
16
0
0.00
Soft
4553
17
0
0.00
Soft
4553
2
0
0.00
Soft
4553
0
0
0.00
Soft
4553
7
0
0.00
Firm
4553
23
2
0.08
1 oligochaete, 1 roundworm
Firm
4553
61
6
0.09
6 roundworms
Firm
4553
18
0
0.00
Firm
4553
15
1
0.06
1 oligochaete
Firm
4553
16
4
0.20
4 oligochaetes
Firm
4553
12
0
0.00
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Table 4. Summary of Sediment Filtering Permeameter Tests
% of Sed. Passed
Mass of Sed. per
Sediment Type
Geotextile
Through Geotextile liter of water (mg/L)
Soft
4512
0.01
0.42
Soft
4512
0.00
0.24
Soft
4512
0.01
1.38*
Soft
4512
0.00
0.06
Soft
4512
0.00
0.11
Soft
4512
0.01
0.05
Firm
4512
0.01
0.07
Firm
4512
0.02
0.35
Firm
4512
0.00
0.23
Firm
4512
0.01
0.06
Firm
4512
0.01
0.06
Firm
4512
0.02
0.18
Soft
4553
0.02
0.68
Soft
4553
0.01
0.19
Soft
4553
0.01
0.17
Soft
4553
0.01
0.05
Soft
4553
0.01
0.09
Soft
4553
0.01
0.32
Firm
4553
0.00
0.07
Firm
4553
0.00
0.01
Firm
4553
0.03
0.60
Firm
4553
0.01
0.05
Firm
4553
0.01
0.05
Firm
4553
0.01
0.21
* = Outlier
Sediment Analysis
The grain size analysis and organic content analysis conducted showed
that the two sediment types used were very different and that the original
assumptions made about the sediment composition were not entirely accurate.
The firm, sandy sediments from the middle of the channel, visually and texturally
seem to be coarser and contain less organics than the soft, muddy sediments
from the stream banks. The sediments from the middle of the stream channel
had a mean phi size of 2.09, were moderately sorted and slightly finely skewed.
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size analysis. Chart 1 and
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3
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2 graphically summarize
the data in terms of distribution and cumulative frequency, respectively.
The organic contents of the two sediment types are also notably different.
The stream channel sediments averaged between 6 and 7 % organic content.
The range is due to an outlying sample in the LOI analysis, as seen in table 5.
The higher organic content could have been due to a small twig within the
sediment. The stream bank sediments had an average organic content of about
3 %.
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Stream
Channel

Stream
Bank

Table 5. Loss-On-Ignition % Organic Content Results
Sample
W105
W400
W105-W400
1
9.9944
9.7242
0.2702
2
12.5242
12.2349
0.2893
3
8.5174
8.2066
0.3108
4
13.5754
12.9416
0.6338
5
15.2031
14.8756
0.3275
AVG.
6
19.5136
18.4552
1.0584
7
17.4628
16.4580
1.0048
8
17.1542
15.0601
2.0941
9
12.8283
11.9649
0.8634
10
15.7160
14.8053
0.9107
AVG.
AVG-OL
AVG-OL = average without the outlier
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% OC
2.7035
2.3099
3.6490
4.6687
2.1542
3.0971
5.4239
5.7539
12.2075
6.7304
5.7947
7.1821
5.9258

CHAPTER IV
DISCUSSION
Field Study
The results suggest the geotextile provides a highly effective biointrusion barrier
in two ways. Populations of organisms get significantly reduced or killed that
lived below the geotextiles--at least by 93% as indicated by the field study. A
second way is that the geotextiles physically prevent organisms from moving
vertically out of their host sediment.

The laboratory study indicated 95%

retentions of organisms below the geotextile. In addition, there was further
agreement between the laboratory and field studies in that roundworms, which
were more likely to move through the geotextile than other taxa, were best able
to maintain populations below the field geotextile barrier.

Nonetheless,

roundworm density in the geotextile-covered patch was 86% less than that
observed in the control patch, indicating that even these animals were strongly
affected by the geotextile barrier.

Laboratory Study
Geotextiles as Biointrusion Barriers
The results of the portion of the permeameter study examining geotextiles
4512 and 4553 as biointrusion barriers indicates that both geotextiles are
effective in preventing the vertical movement of benthic invertebrates from host
sediments into overlying top sediments.

Furthermore, statistical analysis

indicates that neither geotextile can be deemed more effective than the other,
even though the data suggests that 4512 is more effective than 4553. The
sample size is not large enough to statistically support this statement.
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With

consistent results in two to three more series, a determination of which of the
geotextiles is more effective would probably be possible.
An important aspect of this part of the study is the particular organisms
that were able to pass through the geotextiles. Table 2 also summarizes these.
The effectiveness of the geotextiles is highly dependent on the body sizes and
life cycles of the organisms. The organisms may be small enough or move in
such a way that makes getting through the geotextile very easy. Or, eggs or
larvae may pass through and develop once through.

Discussion of the

organisms is essential to understand why some consistently were able to pass
through the geotextiles.

The organisms that were able to get through were

roundworms, oligochaetes, copepods and ostracods.
Roundworms belong to the phylum Nematoda.

Roundworms are

significant components of micro- and macro-benthos of many aquatic
environments. Roundworms ingest sediments to obtain food and nutrients. The
size of most concern was less than 1 cm in length. In terms of their cross section
size, a sieve screen with 0.035 to 0.026 mm spacing will catch almost all
nematodes. Roundworms deposit eggs with fully formed juveniles and it takes
about one to six weeks to complete growth (Thorp and Covich, 2001).
Oligochaetes belong to the phylum Annelida and class Oligochaeta.
These organisms are best known for their ingestion of sediment, which makes
them important in nutrient cycling. Their length is typically less than 1 cm but
sizes greater than 1 cm are common. Their widths are generally below 0.5 but
up to 1 mm. Oligochaetes mature a few weeks after hatching (Thorp and Covich,
2001).
Copepods belong to the class Crustacea and the subclass Copepoda.
These have cylindrical bodies with lengths of 0.5 to 2 mm with a few species up
to 3 to 5 mm. Their widths are less than 0.5 mm. They develop from extrusion to
hatching in 1 to 5 days, and egg to adult in 1 to 3 weeks. Copepods are the food
source for many young and adult fish, for other copepods and other invertebrates
like larval phantom midges (Thorp and Covich, 2001).
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These are prime

examples of organisms that play a major role in the bioaccumulation of
contaminants in larger animals.
Ostracods belong to the class Crustacea and the subclass Ostracoda.
These include mainly mussels and seed shrimps. These are about 1.5 to 2.0
mm in length and less than 0.5 mm in width. They hatch about 10 days after
being laid and mature in 1 month.

Fish, waterfowl and various benthic and

planktonic invertebrate predators consume ostracods (Thorp and Covich, 2001).
Given all these organisms’ sizes, it is very feasible that they would be able
to weave through the threads in the geotextiles, which have an apparent opening
size of 0.15 millimeters, as adults. All of these organisms share the fact that they
have very small cross-sectional areas. It is unlikely that any of the organisms
observed passed through the geotextiles as eggs or larvae given that the trials
only lasted one week and the development times required were significantly
longer.
The sediments types used greatly affected the results observed. The soft
muddy sediments had considerably less organisms in the core samples than the
firm sandy sediments.

Originally it was thought that the soft muddy bank

sediments were very organic rich and would contain more organisms than the
sandy sediments from the middle of the streambed. In the process of conducting
the study, it was determined that the bank sediments contained much less
organic matter, as indicated by the LOI procedure conducted, and were under
anoxic conditions. This would explain the low benthic population. This is further
corroborated by the observations made during sample collection. The muddy
sediments had a distinct rotten smell and released sulfur-containing gas when
disturbed.

Geotextiles as Sediment Filters
For the sediment filtering portion of the study a tracer that behaved similar
to PCBs would have been ideal to use. It would have given more informative
quantitative results. However, at the time the study was conducted, no such
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tracer had been identified and the means for using PCB-spiked sediments in the
study were not available. With that said, the results and conclusions reached for
the sediment filtering tests conducted give a very good base for future research
that would utilize a tracer.
Both geotextiles are very effective at filtering sediments. This does not
directly indicate that the geotextiles will contain all contaminants adsorbed to
fines and organic matter; however, it does qualitatively give an idea of the
amount of contaminant that may get through given the grain size distribution and
organic content of the sediments. For example, the stream channel sediments
contained about 5 percent fines and contained about 6.5 percent organic content.
There is some overlap with the fines and organic matter, so 10 percent total fines
and organic matter is a fair assumption. Given the results that 0.01 percent of
sediment passed through the geotextile during the first week, it is evident that the
geotextile barrier held back an overwhelming majority of fines and organic
matter.

The actual amount of contaminant that might move through the

geotextile is strongly dependant on the particular contaminant and its
concentration but would appear to be minimal in any case.
The minimal amount of contaminant that does pass through a geotextile
would need to further penetrate upward through the anchoring sediments on top
of the geotextile and to the top of the stream sediments. This contaminated
sediment that escapes would be mixed with uncontaminated sediment and could
be taken up by organisms.

At the end of this process the contaminated

sediments would be diluted heavily, and bioaccumulation in benthic organisms
and animals at higher trophic levels would be very low.
An analysis of variance analysis (ANOVA) was conducted on the sediment filtering
experiment data. The geotextiles did not behave statistically differently from one another,
but differences were observed between the sediment types. The geotextiles behaved
almost identically on the firm sediments.

However, 4512 performed slightly more

effectively than 4553 on the soft sediment. This was most likely due to the higher
amount of fines in this sediment. The thicker geotextile (4512) had more capacity to
intercept the fines moving through it. The AOS of the geotextiles is what initially
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determines the size of particles or sediments able to pass through them. As time proceeds
after the installation of geotextiles in the manner discussed earlier, the AOS is no longer
an important factor controlling sediment filtration.
An idea that has been recognized for years in well drilling has been
observed in the application of geotextiles. That is, that a bridging material builds
up around a well screen and acts as a finer filter than the screen slots. As a
geotextile is laid down over sediment and water begins to move through it, finer
sediments move through as well. Particles larger than the pore sizes will build up
along the surface.

This is known as the bridging network.

Eventually fines

become trapped and act as a filter of other fine materials. It can however take up
to four or five months for this bridging network to completely build up (Lawson,
1982). From this, it has been surmised that the geotextile is not the active filter,
rather a catalyst in the formation of a sediment filter (Bhatia et al., 1990; Lawson,
1982). Henry et al. (1995) in a similar laboratory study to this one indicated that
the largest particles that passed through the geotextiles had effective diameters
from 22 to 35 % of the published AOS values.

Geotextile Clogging
Another important aspect of the laboratory study was to determine if the
geotextiles clog during the experiments. In the weeklong trials no significant
clogging was observed. Effluent flow from the permeameters seemed visibly
slightly lower at the end of the trial than in the beginning. However, flow rates
were not measured at the beginning of the study due to the possibility it could
have affected the integrity of the other two, more important, goals of the study.
Furthermore, the reduced flow is not a direct indication of the geotextiles’
clogging.

Another possible explanation is that significant compaction of the

sediment cores was observed at the end of trials. The soft, muddy sediments
compacted to 50% of their original thickness. The firm sediments compacted
much less, less than 25% of their original thickness.

Sediments compacted

inside the permeameters due to the higher than natural flow rates. It is very
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reasonable to assume that the decrease in flow observed was mainly attributable
to the compaction of the cores. Referring briefly back to the biointrusion tests,
such compaction of the cores would probably give the organisms within them
extra incentive to escape and move across the geotextiles. However, they were
still greater than 95% effective.
Clogging of geotextiles is very much of a transient property; therefore, a
permeameter running for one week cannot truly model the long-term clogging
that may occur. Sediment clogging of a geotextile is closely related to the selffiltering properties or the building up of the bridging network. Bhatia et al. (1990)
reported that this mechanism induced clogging to a certain extent in their study.
Similar results were also observed in studies conducted by Lombard and Rollin
(1987), Koerner and Ko (1982), Scott (1980), Schober and Teindl (1979),
McKeand (1977), Marks (1975) and Calhoun (1972) as reported by Rohde and
Gribb (1990). Obviously, sediment clogging is the primary concern, but biological
or microbial clogging is also of concern.
Much research has been conducted examining the microbial clogging
properties of geotextiles. This may not be a main concern in this application but
is a possibility.

This possibility may be more likely if chemical/biological

treatments of contaminated sediments are piggybacked with this application,
which was examined in another study. In almost all instances, the research was
conducted in context of landfill leachate collection systems and clogging that
occurs at the soil/collection pipe-geotextile-waste interface. In leachate collection
systems, liquids flow from waste above through the geotextile into soil that
surrounds a perforated collection pipe. The goal is to allow liquid to pass through
while catching all solids. The interface being examined in this study is slightly
different (i.e. water column-geotextile-sediment), but the purpose (to allow water
to pass through while retaining sediments) is basically the same. With that said,
some findings of a few researchers will be discussed.
In an 11-week permeameter study, Rohde and Gribb (1990) found that
biofouling affected the filtration properties of geotextiles. Similarly, Chen et al.
(1981) reported that microbial growth significantly reduced flow in geotextile
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filters. Conversely, Ionescu et al. (1982) observed no negative filtration effects
on geotextiles that were incubated with bacteria for 17 months. Results found
are very site and organism specific, but indicate that clogging of geotextiles can
occur due to microbes.
To definitively determine if sediment, particle and/or microbiological
clogging could affect a possible application of geotextiles, a very specific benchscale study should be set up with the sediments, contaminants and even the
water from a given site using the proposed geotextiles and any additional
methods that are being considered, such as chemical oxidation.

This site

specific study would indicate if clogging is an issue and the type that is occurring.
From this, changes could be made to the geotextile selected or other design
parameters as needed.
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CHAPTER V
CONCLUSIONS
Persistent, Bioaccumulative Toxin-contaminated sediments pose health
risks due to contaminant movement up the food chain to fish and humans. PBTs
include lead, mercury, PCBs, PAHs and certain other organic contaminants.
This study demonstrated that the geotextiles tested were successful at cutting off
contaminated sediments and the benthos living within them from the food chain.
The field study as well as the trials conducted testing the geotextiles as
biointrusion barriers showed that geotextiles are very effective in preventing the
migration of benthic organisms through them.

However, the performance of

4512 was not statistically significantly different than the performance of 4553.
Roundworms were found to migrate through the geotextiles most often.
Only the laboratory study addressed the performance of geotextiles as
sediment filters. 4512 performed slightly better than 4553 at preventing sediment
from migrating through them and collecting on the filters. Because the sample
size was not large enough, the geotextiles performed statistically the same. The
performance observed does not reflect the increasing effectiveness that is often
observed in geotextiles as a bridging material builds up, due to the relatively
short seven-day trials conducted.

The geotextiles were very effective as

sediment filters. When taking into account the percent of fines and percent of
organic content that made up the sediments, the associated contaminant that
would be bound to these fractions and move through the geotextiles would be
extremely minimal.
Clogging was not observed in the geotextiles used in the field study. The
laboratory tests were not able to address clogging, again due to the shorter
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duration of the trials. In some other studies, both particle and microorganism
clogging of geotextiles have been observed.
These preliminary tests of this new method for reducing health risks from
contaminated sediments suggest that the geotextile as a biointrusion barrier and
sediment filter has great promise and should be further evaluated in full-scale
field trials.
No remedial method, including this one, will solve all problems. Usually
several remedial methods are used in concert to deal with real-world problems.
It is likely that this proposed method would be most applicable to exposed and/or
shallow sediments near shore that are vulnerable to erosion. It would probably
be applied particularly to contaminant hot spots rather than to entire river or lake
bottoms. If the PCB and/or other contaminant concentrations were so high as to
result in oily fluids oozing from the sediments, dredging would be a more
appropriate remedy. The geotextile biointrusion barrier/sediment filter could also
be used without oxidants underneath as a temporary or even semi-permanent
stabilizing measure to contain sediments contaminated with lead, methyl
mercury, radionucleides and/or PCBs until a permanent remedy becomes
possible.
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APPENDIX A
SUPPLEMENTAL TABLES

31

Table A1. Summary of Trials Comprising Series 1
T ria l 1
P e rm e a m e te r
P1
P2
P3
P4
P5
P6

T ria l 2
P e rm e a m e te r
P1
P2
P3
P4
P5
P6

T ria l 3
P e rm e a m e te r
P1
P2
P3
P4
P5
P6

T ria l 4
P e rm e a m e te r
P1
P2
P3
P4
P5
P6

E la p se d T im e (s): 5 8 3 1 3 8 .8
Test
S e d im e n t
F lo w
T yp e
T yp e
G e o te x tile R a te (m l/s )
S e d im e n t
F irm
4553
0 .0 7
O rg a n ism
S o ft
4512
0 .0 4
S e d im e n t
S o ft
4512
0 .0 9
O rg a n ism
F irm
4512
0 .4 7
O rg a n ism
F irm
4512
0 .5 5
S e d im e n t
S o ft
4553
0 .0 8

T o ta l
V o lu m e (L )
4 1 .2
2 5 .2
5 0 .6
2 7 5 .2
3 2 0 .7
4 5 .4

W e ig h t o f
S e d . o n F ilte r (g )
0 .0 0 2 8
-0 .0 1 1 2
0 .0 2 1 1
-0 .0 0 1 6
-0 .0 0 2 9
0 .0 3 0 7

% of Sed. Passed
T h ro u g h G e o te x tile
0 .0 0 1
-0 .0 0 6
0 .0 1 1
-0 .0 0 1
-0 .0 0 1
0 .0 1 6

M ass of Sed. per
lite r o f w a te r (m g /L )
6 .7 8 E -0 2
-4 .4 2 E -0 1
4 .1 7 E -0 1
-5 .7 8 E -0 3
-9 .0 4 E -0 3
6 .7 6 E -0 1

E la p se d T im e (s): 5 8 5 9 0 0
Test
S e d im e n t
F lo w
T yp e
T yp e
G e o te x tile R a te (m l/s )
S e d im e n t
F irm
4512
0 .6 9
O rg a n ism
S o ft
4553
0 .0 3
O rg a n ism
S o ft
4553
0 .1 7
O rg a n ism
F irm
4553
1 .4 7
S e d im e n t
F irm
4553
1 .1 7
O rg a n ism
F irm
4553
0 .8 4

T o ta l
V o lu m e (L )
4 0 6 .6
1 8 .9
1 0 1 .4
8 6 1 .3
6 8 5 .5
4 9 2 .2

W e ig h t o f
S e d . o n F ilte r (g )
0 .0 2 7 2
0 .6 6 0 1
0 .1 1 9 0
-0 .0 0 3 3
0 .0 0 6 5
0 .0 7 8 7

% of Sed. Passed
T h ro u g h G e o te x tile
0 .0 1 4
0 .3 3 5
0 .0 6 1
-0 .0 0 2
0 .0 0 3
0 .0 4 0

M ass of Sed. per
lite r o f w a te r (m g /L )
6 .6 9 E -0 2
3 .5 0 E + 0 1
1 .1 7 E + 0 0
-3 .8 7 E -0 3
9 .5 0 E -0 3
1 .6 0 E -0 1

E la p se d T im e (s): 5 8 2 9 4 8
Test
S e d im e n t
F lo w
T yp e
T yp e
G e o te x tile R a te (m l/s )
O rg a n ism
F irm
4512
0 .2 3
S e d im e n t
S o ft
4512
0 .0 6
O rg a n ism
S o ft
4553
0 .0 1
S e d im e n t
S o ft
4512
0 .0 2
O rg a n ism
S o ft
4512
0 .0 3
S e d im e n t
S o ft
4553
0 .1 3

T o ta l
V o lu m e (L )
1 3 1 .2
3 3 .3
6 .5
1 0 .4
1 6 .2
7 4 .0

W e ig h t o f
S e d . o n F ilte r (g )
0 .0 1 4 7
0 .0 0 8 2
0 .0 2 2 8
0 .0 1 4 3
0 .0 0 2 4
0 .0 1 4 2

% of Sed. Passed
T h ro u g h G e o te x tile
0 .0 0 7
0 .0 0 4
0 .0 1 2
0 .0 0 7
0 .0 0 1
0 .0 0 7

M ass of Sed. per
lite r o f w a te r (m g /L )
1 .1 2 E -0 1
2 .4 5 E -0 1
3 .5 2 E + 0 0
1 .3 8 E + 0 0
1 .4 7 E -0 1
1 .9 1 E -0 1

E la p se d T im e (s): 5 9 7 0 6 0
Test
S e d im e n t
F lo w
T yp e
T yp e
G e o te x tile R a te (m l/s )
O rg a n ism
F irm
4553
0 .2 0
O rg a n is m
S o ft
4512
0 .0 5
S e d im e n t
S o ft
4553
0 .2 7
S e d im e n t
F irm
4512
0 .1 6
S e d im e n t
F irm
4512
0 .0 5
S e d im e n t
F irm
4553
0 .1 4

T o ta l
V o lu m e (L )
1 1 8 .2
3 0 .5
1 5 9 .4
9 6 .1
2 8 .5
8 5 .4

W e ig h t o f
S e d . o n F ilte r (g )
0 .1 7 3 3
0 .0 0 5 5
0 .0 2 6 8
0 .0 3 3 5
0 .0 0 6 7
0 .0 5 1 2

% of Sed. Passed
T h ro u g h G e o te x tile
0 .0 8 8
0 .0 0 3
0 .0 1 4
0 .0 1 7
0 .0 0 3
0 .0 2 6

M ass of Sed. per
lite r o f w a te r (m g /L )
1 .4 7 E + 0 0
1 .8 0 E -0 1
1 .6 8 E -0 1
3 .4 8 E -0 1
2 .3 5 E -0 1
6 .0 0 E -0 1

n e g a tiv e v a lu e s a re a re s u lt o f filte r in te g re ty p ro b le m s
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Table A2. Summary of Trials Comprising Series 2
T rial 1
Perm eam eter
P1
P2
P3
P4
P5
P6

T rial 2
Perm eam eter
P1
P2
P3
P4
P5
P6

T rial 3
Perm eam eter
P1
P2
P3
P4
P5
P6

T rial 4
Perm eam eter
P1
P2
P3
P4
P5
P6

Elapsed Tim e (s): 586200
T est
Sedim ent
T ype
T ype
G eotextile
O rganism
Firm
4512
O rganism
Soft
4512
O rganism
Firm
4512
Sedim ent
Soft
4512
Sedim ent
Firm
4553
Sedim ent
Soft
4512

Flow
Rate (m l/s)
2.1
0.1
1.1
0.1
0.4
0.1

T otal
Volum e (L)
1231.0
73.9
656.5
60.4
245.6
59.8

W eight of
Sed. on Filter (g)
0.4898
0.0302
0.4338
0.0035
0.0112
0.0063

% of Sed. Passed
T hrough G eotextile
0.249
0.015
0.220
0.002
0.006
0.003

M ass of Sed. per
liter of w ater (m g/L)
3.98E-01
4.09E-01
6.61E-01
5.80E-02
4.56E-02
1.05E-01

Elapsed Tim e (s): 585000
T est
Sedim ent
T ype
T ype
G eotextile
Sedim ent
Soft
4553
O rganism
Firm
4512
Sedim ent
Firm
4512
O rganism
Firm
4553
O rganism
Firm
4553
Sedim ent
Firm
4553

Flow
Rate (m l/s)
0.4
0.8
0.4
0.4
0.6
0.8

T otal
Volum e (L)
210.6
448.7
225.8
238.7
338.1
445.2

W eight of
Sed. on Filter (g)
0.0107
0.2269
0.0146
0.1249
0.0262
0.0231

% of Sed. Passed
T hrough G eotextile
0.005
0.115
0.007
0.063
0.013
0.012

M ass of Sed. per
liter of w ater (m g/L)
5.08E-02
5.06E-01
6.47E-02
5.23E-01
7.75E-02
5.19E-02

Elapsed Tim e (s): 592200
T est
Sedim ent
T ype
T ype
G eotextile
O rganism
Soft
4512
O rganism
Soft
4512
Sedim ent
Firm
4512
Sedim ent
Soft
4553
Sedim ent
Soft
4553
O rganism
Soft
4553

Flow
Rate (m l/s)
0.3
0.1
0.7
0.3
0.1
0.3

T otal
Volum e (L)
165.2
60.4
424.6
171.1
55.3
190.1

W eight of
Sed. on Filter (g)
0.0158
0.0350
0.0255
0.0156
0.0179
0.0141

% of Sed. Passed
T hrough G eotextile
0.008
0.018
0.013
0.008
0.009
0.007

M ass of Sed. per
liter of w ater (m g/L)
9.56E-02
5.79E-01
6.01E-02
9.12E-02
3.24E-01
7.42E-02

Elapsed Tim e (s): 591300
T est
Sedim ent
T ype
T ype
G eotextile
O rganism
Soft
4553
O rganism
Firm
4553
O rganism
Soft
4553
Sedim ent
Soft
4512
Sedim ent
Firm
4512
Sedim ent
Firm
4553

Flow
Rate (m l/s)
0.1
0.6
0.1
0.7
0.3
0.1

T otal
Volum e (L)
33.5
365.4
65.6
427.5
182.1
57.8

W eight of
Sed. on Filter (g)
0.029
0.2535
0.0464
0.0228
0.0324
0.0123

% of Sed. Passed
T hrough G eotextile
0.015
0.129
0.024
0.012
0.016
0.006

M ass of Sed. per
liter of w ater (m g/L)
8.65E-01
6.94E-01
7.07E-01
5.33E-02
1.78E-01
2.13E-01
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Table A3. Analysis of Variance (ANOVA) Tables
Table A3a. ANOVA of Biointrusion Test
Source of Variation
SS
Sediment Types
0.01829
Geotextile Types
0.00125
Sediment + Geotextiles
0.00169
Within
0.10246

df
1
1
1
20

Total

23

0.1237

Table A3b. ANOVA of Sediment Filtering Test
Source of Variation
SS
df
Sediment Type
0.1382
1
Geotextile Type
0.02182
1
Sediment + Geotextiles
0.02616
1
Within
1.89078
20
Total

2.07695

MS
F
P-value
F crit
0.01829 3.57019 0.07341 4.35125
0.00125 0.24465 0.62626 4.35125
0.00169 0.33043 0.57181 4.35125
0.00512

MS
F
P-value
F crit
0.1382 1.4618 0.24074 4.35125
0.02182 0.23079 0.63615 4.35125
0.02616 0.27669 0.60466 4.35125
0.09454

23

Table A4. Summary of Stoke’s Law Velocities and Permeameter Velocities

Permeameter Flow Calculated Stoke's
Velocities (cm/s)
Velocities (cm/s)
0.002467
4.4514E-12
0.007400
4.946E-09
0.012333
1.88072E-08
0.024667
3.47333E-06
0.037000
4.83008E-06
0.059201
1.93203E-05
0.074001
5.45297E-05
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Grain Diameter Use in
Calculations (mm)
0.00006
0.002
0.0039
0.053
0.0625
0.125
0.21

Table A5. Summary Sieving Results
Sa mple
Soft Muddy Sed.
Firm Sandy Sed.
Soft Muddy Sed.
Firm Sandy Sed.
Soft Muddy Sed.
Firm Sandy Sed.

Phi size s (Φ )/U.S. Sie ve Size s (S)
-1 Φ
0Φ
1Φ
2Φ
3Φ
4Φ
4.5 Φ
S 10
S 18
S 35
S 60
S 120
S 230
fine s
tota l w t
DR
34.80
65.55
298.55
142.40
23.00
28.38
592.68
DR
4.23
14.22
66.47
90.27
20.11
2.53
197.83
Cum . % S 18 Cum . % S 18 Cum . % S 35 Cum . % S 60 Cum % S 120 Cum % S 230 Cum % fine s Cum . % tota l
DR
5.87
11.06
50.37
24.03
3.88
4.79
100.00
DR
2.14
7.19
33.60
45.63
10.17
1.28
100.00
me a n
sta n de v.
ske w ne ss
kurtosis
1.76
1.12
0.73
4.73
2.09
0.91
-0.13
4.06

DR = dis r e garde d due to m ajority conte nt of s he lls
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APPENDIX B
PICTURES
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Air Tube

Water Source Tube

Overflow Drain Tube

Picture 1. Water Holding Tank.

Picture 2. A Permeameter Test Trial Setup.
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Permeameter
sections containing

Picture 3. Collection of Sediment Cores from
Gull Creek.

Picture 4. Boiling Cores to Eliminate
Organisms for Sediment Filtering Tests.
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Picture 5. Filters at Effluent end of Permeameters.

Picture 6. Permeameters and Filters.
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