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ABSTRACT
Accumulated soft sediment of the lower Ashtabula River in Ashtabula, Ohio, was contaminated with organic chemicals
such as polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs), heavy metals and some low
level radionuclides. The Ashtabula River Remediation, a two phase project which began in 2006 and was completed in
2008, utilized hydraulic dredging in conjunction with geotextile tube dewatering to remove, dewater and dispose of the
unwanted sediment. Geotextile tube dewatering technology was very successfully applied in this project, providing an
innovative, cost-effective dewatering and disposal option for heavily contaminated soft sediment.

1.

INTRODUCTION

Chemical and low-level radiological contaminants present in the sediments of the lower Ashtabula River prevented
maintenance dredging in the area for many decades. Disposal in the open waters of Lake Erie (the method used in the
past) was not an option because of the contamination in the sediment. A suitable disposal site and method of disposal,
as well as funds to cover the increased cost of handling the contaminated sediment could not be found. Without regular
maintenance dredging, by 2006, commercial and recreational navigation were severely limited.
In the spring of 2006, contractors began work on a sediment remediation project of great scale. The Ashtabula River
Remediation is the largest sediment clean up funded through the Great Lakes Legacy Act to date. Over the course of
the entire project, performed in two phases over three dredging seasons, about 640,000 cubic yards of contaminated
sediment were removed from the river. Depth in the federally-authorized navigational channel was also restored,
returning the river’s commercial and recreational potential.
The remedial design incorporated leading edge sediment remediation technologies, including geotextile tube dewatering.
Infrastructure Alternatives was contracted by the general contractors of both Phase I & II of the project to design, operate
and maintain the sediment dewatering system and was additionally responsible for operation of chemical addition and
water treatment processes during Phase II of the project.

2.

PROJECT SCALE, DESIGN

Contaminated sediment was removed from the river utilizing a 12 inch diameter hydraulic cutter head dredge. The
dredge pumped sediment slurry from the river and into the sediment transfer pipeline. The transfer pipeline was up to
four miles long and incorporated four booster pump stations to keep the slurry moving at an adequate velocity and
prevent heavy solids such as gravel and sand from settling out in the pipeline.
The sediment transfer pipeline delivered the dredged slurry to the sediment Consolidation Facility (CF), where it was
dewatered in geotextile tubes. The CF was a landfill, permitted under the Toxic Substances Control Act (TSCA), and
constructed specifically for the Ashtabula River Remediation project. The CF was designed not only to provide a
dewatering site, but also a permanent disposal site for the dewatered sediment. At the conclusion of the project, the CF
was prepared for capping and closure.
Geotextile tubes were used to dewater the dredged sediment slurry. As the slurry arrived at the CF, flowing at a rate of
up to 5,000 gallons per minute, it was directed through a header system to geotextile tubes which were filled in place
inside the CF. Weep water (clear water released from the geotextile tubes) drained by gravity to a sump in the CF floor
and was processed in an on-site water treatment plant before being discharged back into the Ashtabula River.

2.1

Geotextile Tube Dewatering

Geotextile tube dewatering of contaminated sediment on this magnitude was relatively unknown at project start. There
were many unique challenges which had to be addressed in the design of the geotextile tube header system, the

construction of the geotextile tubes, as well as in operational plans for the placement and stacking of the tubes inside the
CF.

2.1.1

Geotextile Tube Header Systems Design

The header system was comprised of a 12 inch diameter main header which ran along the entire perimeter of the CF
and a secondary system of 10 inch diameter “mini-headers.” These mini-headers could be described as inverse
manifolds, whereby the sediment slurry flowed from the main 12 inch header into a 10 inch header which split to feed
several geotextile tubes (an average mini-header fed five geotextile tubes). Flow from the main header to each
geotextile tube hooked into a mini-header could be controlled with pinch valves at several points: collectively, at the 12
inch by 10 inch tee which marked the start of the mini-header; and individually, at the 10 inch diameter leg which fed
each geotextile tube. Further, flow could be controlled with additional pinch valves to the separate fill ports on each
geotextile tube; this gave operators the greatest amount of flexibility and control in filling operations, ensuring that each
geotextile tube would be filled as evenly as possible – even filling was absolutely crucial to a stacking plan that called for
no less than 10 layers of geotextile tubes to be stacked in the CF by project’s end. The header design also allowed
operators the ability to quickly stop flow to a group of full tubes and divert it to a group of fresh tubes, a must for such a
large system.

Figure 1. Typical mini-header design.

2.1.2

Geotextile Tube Specifications

Some geotextile tube specifications such as the apparent opening size of the fabric were developed based on the results
of preliminary testing performed on core sediment samples from the Ashtabula River. Other specifications were
developed based both on the past project experience of the contractors involved and to accommodate the header
system design, geotextile tube layout and stacking plans.
The actual fabric selected for use in the project was chosen based upon the results of hanging bag tests, a proposed
ASTM standard for determining a material’s potential to dewater in geotextile tubes. Hanging bag tests, performed by
Infrastructure Alternatives in the spring of 2006, yielded favorable results for two geotextile fabrics, both of which were
determined to be acceptable for use in this application. The tables below summarize the specifications of the two fabrics
that were tested. (Geotextile tubes constructed of both fabrics were used in the performance of the project.)
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Table 1. Circumferentially Seamed Geotextile Specifications

Minimum average roll value
Machine direction Cross direction
Wide width tensile strength (at ultimate)
ASTM D 4595
lbs/in
400
550
Wide width tensile elongation
ASTM D 4595
%
20 (max.)
20 (max.)
Factory seam strength
ASTM D 4884
lbs/in
400
Apparent opening size
ASTM D 4751 U.S. sieve #
40
2
Water flow rate
ASTM D 4491
gpm/ft
20
2
Weight/unit area
ASTM D 5261
oz/yd
17.3 (Typical value)
UV resistance (% strength retained after 500 hrs) ASTM D 4355
%
80
1
As provided by the manufacturer
Mechanical properties

Test method

Units

Table 2. Horizontally Seamed Geotextile Specifications
Properties
Tensile strength (grab)
Elongation
Wide width tensile
Wide width elongation
Wide width tensile strength at 5% strain
Puncture
Mullen burst
Trapezoidal tear
UV resistance
Apparent opening size
Permittivity
Water flow rate

Test method
Units
ASTM D-4632
lbs
ASTM D-4632
%
ASTM D-4595
lbs/ft
ASTM D-4595
%
ASTM D-4595
lbs/ft
ASTM D-4833
lbs
ASTM D-3786
psi
ASTM D-4533
lbs
ASTM D-4355
%
ASTM D-4751
US std. sieve #
-1
ASTM D-4491
sec
2
ASTM D-4491
gpm/ft
1
As provided by the manufacturer

1

Minimum average roll value
600 x 640
15 x 15
4800 x 7200
14 x 9
1200 x 2640
260
1200+
250 x 300
80
40
0.30
20

The construction of the geotextile tubes was also important. Each tube had to have a sufficient number of regularly
spaced fill ports to ensure that the tubes could be filled as evenly as possible. The placement of the fill ports also had to
accommodate the geotextile tubes that would be stacked over them.
Geotextile tubes used in the project varied in circumference from 70 to 90 feet and had a maximum fill height of 8 feet.
These large circumference tubes provide an additional 20 to 25% dewatering and storage capacity when compared to
the smaller circumference tubes (45 to 60 feet in circumference) more commonly used in other hydraulic dredging
projects. Yet, these large circumference tubes were still light enough to be handled easily by the heavy equipment in
use on site. (Dewatering crews utilized an off-road forklift with telescoping boom and 10,000 lb. capacity to lift rolled
geotextile tubes; 6-wheeled ATVs were then used to help unroll and slide the tubes into position.) The length of the
geotextile tubes used for this project ranged from 80 to 275 feet, placed according to a very specific plan, in order to
maximize every available cubic foot of capacity in the CF.

2.1.3

Geotextile Tube Layout Plan

The first objective of the geotextile tube layout plan was to deploy and fill the geotextile tubes of the bottom layer in such
a way as to provide a level base for the upper layers. This was crucially important because the CF floor was sloped in

order that the geotextile tube weep water would drain freely to the sump. In order to accomplish this objective, a number
of specifically sized tubes were deployed in a specific arrangement.
As stated previously, the project plan called for stacking geotextile tubes in 10 layers over the floor of the CF. In order to
create a stable base for the stack, the sloped floor of the CF had to be leveled. It was determined that partially filling the
first layer of geotextile tubes provided the most cost effective means for accomplishing this objective. Two rows of
geotextile tubes were placed parallel to the contour of the floor as Figure 2, below, illustrates. The two rows of tubes
were filled with sediment slurry until the fill height at the center of each tube was approximately five feet. These
“leveling” tubes were supported at the lowest point in the CF (the weep water sump) by a wedge of gravel, also shown in
Figure 2.

Figure 2. Cross section of the first layer of geotextile tubes, used to level the CF floor (the leveling layer).

Generally, the layout plan for each layer of geotextile tubes began with tubes being placed crosswise on either side of
the “haul road,” an open strip of real estate, running down the center of the CF. The haul road provided access to the
end of geotextile tube farthest from the outer berm of the CF. The tubes were placed first at the end of the CF with the
lowest elevation, to prevent the tubes from rolling or shifting out of place. This used gravity to our advantage, pulling
each consecutive tube toward a stable, neighboring tube which was already full of dewatered sediment.
After three layers of tubes were filled, tubes were laid lengthwise down the haul road to fill in the space and bring the
elevation of the road up to a height equal to that of the topmost layer of crosswise tubes. This pattern of three crosswise
and then three lengthwise layers continued through the end of the project.

Figure 3. Cross-section of the CF, showing weep water sump (drain tube) and placement of the first five layers of tubes.

Figure 4. Cross-section of the CF, 140 feet north of the weep water sump, showing the first nine layers of tubes.

Geotextile tubes were also placed lengthwise around the perimeter of the CF; these tubes were referred to as “ring
tubes.” The purpose of the ring tubes was to contain any spills or sudden releases of contaminated sediment due to the
failure of a geotextile tube or a leak in the header system and prevent sediment from flowing out of the CF.

2.1.4

Stacking Geotextile Tubes Ten Layers High

Prior to this project, as far as the contractors were aware, geotextile tubes had only been successfully stacked six layers
high. As mentioned previously, the stacking plan devised for this project called for tubes to be stacked in ten layers.
Several precautions were taken to ensure that the geotextile tubes in the lower layers did not suffer catastrophic
structural failure under the weight of the tubes stacked on top of them. Two individual geotextile tube manufacturers
were consulted on this point. It was universally agreed that the overriding control parameter for the stacking operation
had to be the consolidation of the material contained in the geotextile tubes (the percent solids concentration of the
dewatered material). If the dewatered material was returned to at least in-situ percent solids, the tubes could be stacked
on and reasonably assumed to be able to withstand the weight of the upper layers pressing down. Hanging bag tests, an
ASTM standard for determining the ability of geotextile tubes to dewater a particular material, confirmed that
consolidation reaching in-situ percent solids could be achieved within a reasonable period of time in the geotextile tubes.
The placement of each geotextile tube within the CF and the order in which geotextile tubes were filled was also very
important to the success of the stacking plan. Geotextile tubes were to be placed as tightly together as possible, with
geotextile tubes placed first at the lowest elevation over the sloped floor of the CF. In this way, pressure would not only
be exerted downward on the lower layers, but also from each side, either from a neighboring tube or from the wall of the
CF itself.
To increase the stability of the entire stack, geotextile tubes were centered over the place where the sides of the two
tubes beneath met and each geotextile tube was approximately 30 feet shorter in length than the tubes in the layer
beneath. This gives the stack a pyramid shape.
Adhering to these operational strategies:

not stacking before material inside the tubes was dewatered to in-situ percent solids,

placing the tubes as close together as possible,

centering stacked geotextile tubes over the seam between the two supporting tubes,

shortening the length of the tubes in each consecutive layer,

and placing geotextile tubes at the lowest elevation first
proved to be enough to prevent failure of the geotextile tubes of the lowest layers. Ten layers of geotextile tubes were
achieved without a single tube failing due to the weight of the upper layers pressing down.

Figure 5. Aerial photograph of stacked geotextile tubes inside the CF (August 2007).

3.

FIELD OPERATIONS

Operating a geotextile tube dewatering system of the scale utilized for the Ashtabula River Remediation required that
contractors develop specialized operating procedures.

3.1

Chemical Conditioning

Chemical conditioning of the sediment slurry was necessary to ensure optimal solids capture within the geotextile tubes.
To accomplish this, a combination of carefully selected primary coagulants and anionic polymers were injected into the
sediment slurry as it flowed through the geotextile tube header system. A static mixer in the header system helped to
provide the necessary turbulence to properly distribute the polymer throughout the sediment and flocculate the solid
material.
Sediment characteristics such as percent solids and grain size changed frequently over the course of the project and
required just as frequent adjustments to the dosage rate. Field personnel performed jar tests on site to determine the
best chemical dosage for the sediment characteristics present at the time, and then entered the dosage rate into the
chemical feed system controller. This controller used real-time flow and density readings from the sediment slurry
pipeline to calculate and adjust the speed of the chemical feed pumps, so that the most accurate dose was provided.

3.2

Debris management

To minimize downtime due to plugs in the header system, plug valves and cleanouts were installed in the header
system, which allowed sections of the pipeline to be isolated and flushed as needed to remove debris.

3.3

Deploying the geotextile tubes

Ten thousand pound capacity telehandlers with 56 foot vertical reach were used to deploy geotextile tubes on site, the
largest of which weighed approximately 3,200 pounds. A telehandler was used to deliver a rolled tube from the staging
area to the desired place in the CF. Then, the tube was suspended from the forks of the telehandler using high-tension
straps. More straps were used to hook one end of the rolled tube to a 6-wheeled ATV, which then travelled forward,
pulling and unrolling the geotextile tube as it went. After the tube had been fully unrolled, but before it was unfolded,
dewatering personnel made any adjustments to the placement of the tube, working in teams to pull and slide the tube
wherever it needed to go. Lastly, the tube was unfolded and piped into the header system, ready to receive flow.

3.4

Anchoring geotextile tubes to prevent gaps in the stack

Geotextile tubes were anchored in a variety of ways, which helped prevent gaps from forming between neighboring
tubes. For example, if two geotextile tubes deployed side by side at the same time, the edges of the tubes closest
together could be overlapped. As the first tube was filled, it would trap the edge of the neighboring tube beneath it and
prevent that tube from moving when it was filled. This obviously would slightly reduce the capacity of the overlapped
tube, but the snug tubes with zero gaps between them prevented further loss of capacity in higher levels. Tubes could
also be tied together to keep them close.
If significant gaps or open areas did form in any layer of the stack of geotextile tubes, smaller “filler” tubes, 30 feet in
circumference, were deployed in the open area and filled. These “filler” tubes made up for what would have been lost
capacity in the CF and also helped make the stack more stable than if the gaps were allowed to remain.

3.5

Active dewatering

Physical means of encouraging the pores of the geotextile fabric to open and release more water quickly were utilized,
including: sweeping the surface of the geotextile tubes with stiff-bristled brooms; slapping the tubes with smooth pieces
of PVC; and vibrating the surface of the tubes using gas-powered vibratory plate compactors.

3.6

Tracking geotextile tube performance

The performance of individual geotextile tubes was tracked continuously by operators. Initial and final fill height of the
each tube was measured using a laser level and the minutes “online” (receiving flow) and minutes “offline” (not receiving
flow) were also noted. This information allowed operators on every shift to quickly ascertain the amount of remaining
capacity left in each geotextile tube that was in use at that point in time. (As geotextile tubes become filled with
dewatered material, their fill cycles become shorter and the period of time required for dewatering gets longer.)

3.7

Weep water drainage and downstream treatment

Weep water from the geotextile tubes flowed by gravity to a sump in the gravel wedge of the CF floor. The primary flow
pattern was from around the exposed outer shell of each tube and channels formed by voids between adjacent tubes to
the sump at the north end of the CF. Once the stacked tubes approached the perimeter to the CF, a significant amount
of filtrate drainage occurred (by design) around the outer perimeter of the “ring” tubes to the sump. In the latter stages of
the project, portable submersible pumps were deployed throughout the CF to help move weep water to the sump.

Figure 6. Photo of the CF, with sump in foreground, taken from the top of the surrounding berm (May 2008).

Weep water was pumped with self-priming, variable speed pump at rates of 1,000 to 5,000 gallons per minute (gpm) to
the on-site water treatment plant. The first treatment units in the plant were five inclined plate separators, arranged in
series, which removed suspended solids from the stream of weep water. The clarified water was then pumped through
pressurized sand filters for polishing. Lastly, any remaining organic contaminants in the water were adsorbed in five sets
of two Granular Activated Carbon (GAC) units, arranged in series (5 parallel streams with two units treating each
stream). A pipeline, approximately three miles in length delivered the treated water back to the Ashtabula River for
discharge, which was regulated under a National Pollutant Discharge Elimination System (NPDES) permit issued by
Ohio Environmental Protection Agency (OEPA). Accumulated solids from the clarification and filtration processes were
transferred back to the CF for final disposal.

3.8

Health and safety concerns

As one might imagine, the CF was full of health and safety hazards that had to be diligently analyzed and controlled to
the best of the ability of the crews working there.

3.8.1

Contamination in the sediment slurry

Because of the contamination present in the sediment slurry, CF operations were regulated by OSHA under the
Hazardous Waste Operations and Emergency Response (HAZWOPER) standard. All site personnel working inside the
CF were required to be 40-hour HAZWOPER certified and also received Radiation Worker Level II training.
Environmental monitoring in the CF included airborne dust and PCB monitoring, as well as background radiation level
monitoring.
To protect their skin from contacting the PCB-contaminated sediment slurry, personnel were required to wear chemicalresistant coveralls, sealed with duct tape at the ankles to waterproof, steel-toe boots and sealed at the wrists to a doublelayer of nitrile gloves. Normal job site personal protective equipment (PPE) such as hard hats, safety glasses, reflective
safety vests were also required. And when standing water accumulated in the CF, personnel were required to wear
Type V personal floatation devices. This amount of PPE greatly increased the risk of personnel developing heat related
illnesses during the warm summer months and generally increased the amount of manpower needed to operate the

system. PPE was also cumbersome to crews who were required to spend their work day lifting and carrying heavy pipes
and hoses, assembling and tearing down piping arrangements, and climbing up ramps and scaffolds to reach the top of
the geotextile tubes.

3.8.2

Engulfment

Dewatering crews faced the very real risk of being engulfed in contaminated sediment slurry, if a geotextile tube or
pipeline should suddenly fail. Several precautions were taken to prevent these situations from occurring:
1. Sediment slurry pipelines were inspected daily for leaks and signs of wear or stress and any leaks were
repaired immediately upon discovery.
2. The fabric of each geotextile tube was inspected during initial deployment and daily thereafter; operators
searched for flaws, tears, seam separations and weakened areas. Whenever damage to the fabric was found,
it was repaired under the direction of the manufacturer or if the damage could not be fixed safely, the tube was
taken out of service.
3. Geotextile tubes were also monitored very closely while they were being filled. Standard Operating Procedures
for the site called for the tubes to be measured frequently as they approached the manufacturer’s
recommended maximum fill height. Tubes were never to be filled past the maximum fill height.

3.8.3

Slip, trip and fall hazards

Simple slip, trip and fall hazards were one of the biggest dangers to personal safety in the CF and absolutely, one of the
hardest hazards to control because for the most part, they could not be avoided. For example, dewatering geotextile
tubes are wet and very slippery to walk on, posing an extreme slip and fall hazard. However, in order for personnel to
properly operate the geotextile tubes, they had to be able to observe the entire surface of the geotextile fabric. This
required that personnel access the top of the geotextile tubes frequently throughout a work shift. To curb slips and falls
from tubes, ramps and scaffolds were installed for personnel to use to access the top surface of the tubes and to walk
from the top of one tube to another. In addition, the upper surface of each geotextile tube was flagged around the
perimeter, about ten feet from the edge. Personnel were forbidden to walk or work beyond the flags.
Trip hazards and unsure footing were also everywhere in the CF, from the pipelines and hoses running from the
perimeter of the CF to every tube inside it, to the sloped, sand-covered walls of the CF. Personnel were asked to paint
or flag any places where footing was unsure or places where trip hazards existed. And of course, safety shoes with nonskid soles were also required for all personnel working in the CF. Light plants also helped to make slip/trip/fall hazards
easier to see during poor weather and at night.

Figure 7. Ramps and stairways constructed to allow personnel safe access to the top of the stacked tubes (May 2008).

4.

CONCLUSIONS

The application of geotextile tube dewatering in the Ashtabula River Remediation must be judged as an overall success.
Although the project suffered many challenges, the end result was that the 640,000 cubic yards of contaminated
sediment that had been choking the life out of the lower Ashtabula River were removed from the ecosystem and
disposed of in a cost effective and environmentally sound way.
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