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Executive Summary:

The Typar® Geocell from Fiberweb, Inc., uses lightweight geotextile
sheetsheld together to create a series of inter-connected boxes which,
when filledwith sand, are designed to be used asa rapidly installed barrier
to flood waters. In thelaboratory testsreported herein, a wall 40 in. high
by 54 in. wide with a length of 74.3 ft was assembled in approximately 10
hrs(29.6 man-hrs) by 3 men including the operator of a Bobcat™ front-
endloader. Removal required just 2.9 man-hrs. No special equipment or
materials were required for either installation or removal, and installation
could be easily accom plished by personsunfamiliar with the product with
a minimum of training or supervision.

The completed barrier waswrapped in plastic sheeting tominimize
seepage past the barrier. Measured seepage rates were approximately
0.025 gpm/ft at a basin water depth of 1.0 ft, 0.08 gpm/ft at a depth of 2.0
ft, and 0.25 gpm/ft at a depth of 3.2 ft.

The structure was not affected by wave action, overtopping, or debris
impact in any of the testsreported herein.

Theunitswere not intended for re-use and were destroyed during the
removal process. Cost of a 1,000 ft wall, 40-in. high, including 3 frames
for use during the assembly, is about $22/ft (Oct 2010).
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Introduction

Background on Testing Program

Early in 2004, Congresstasked the U.S. Army Engineer Research and
Dev elopment Center (ERDC) to“devisereal-world testing procedures for
... promising alternative flood-fighting technologies....” Through the
General Investigation Research and Development Program, ERDC
conducted research and developed a laboratory procedure for the
prototype testing of temporary barrier-type flood-fighting structures
intended to increase levels of protection during floods.

Thetest facility waslaid out along the perimeter wall of a reservoir with
dimensions of 115 ft by 185 ft by 4 ft deep (Figure 1). Thetest facility was
reconfigured specifically for innovative flood-fighting experiments by
allowing leveesto be constructed against twowall abutments with a 30-ft
opening between the walls (Figure2). A geometric testing zone foot print
waslaid out on the concrete floor and all leveeswererequired to be
constructed within this given footprint. One side of the footprintabutsthe
concrete wall at a 9o0-deg angle, and the other side abutsthe concrete wall
at a 63-deg angle (Figure 3). The purpose for having two different angles
is to simulate real-world geometricvariability and dem onstrate
constructability and geom etric flexibility of each vendor’s product.
Additionally, the unsymmetrical geom etry allows wave loading variability
during hydrodynamic testing, and it causes an apparent current along the
63 -deg wall.

Inside the protected area (leeward side of thelevee), an 8-ft diameter by
8-ft-deep circular pit was installed to catch any seepage or overflow water
from the structure. Two4-in.-diam pumpswere installed in the pit to
pump the accumulatedwater back into the wave basin. Two12-in.-diam
pumps (12 in. intake and 10 in. output) were also installed to pump excess
water out of the pit when the capacity of the 4-in. pumpswas exceeded.

Thetest area wasinstrumented with a series of laserstomeasure any
movement of the flood-fighting barrier, a laser tomeasure changesin
water surface elevation within the pit, and a laser to measure water surface

elevation within the basin.
1
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Figure 1. Research basin with wave machines on the left side and the test area on the far
right. The test area is shown in closer view in Figure 2.

Figure 2. Testarea surrounded by a Typar® Geocell barrier, viewed from the test basin. The
measurement sump and pumps are in the back of the test area.
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Figure 3. Layout of test area within research basin.

In theresearch-basin tests, productsweretestedina controlled laboratory
setting, but under conditionsthat emulated an im pending flood

ov ertopping a levee along a riverbank with moderate flow. Vendorswere
required to arrive at the test facility with all equipment, supplies, and
personnel required to erect their product prior totesting. ERDC did not
assist with the construction, but observed and docum ented the selected
protocol-defined metrics associated with the construction including time
required to install the test walls and any special equipm ent requirem ents.
After construction, theVendor wasnot allowed toadjust the structure
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during any of the tests specified in the protocol. The protocol does allow
the Vendor accessto the structure a maximum of three times between
tests for a limited length of time if such access isrequired. Any such
access to the structure wasrecorded.

A copy ofthe standard testing protocol is available at
http://chl.erdc.usace.army .mil /chl. aspx?p=s& a=PUBLICATIONS243

Typar® Geocell Product Description

The Typar® Geocellunits are made of sheets of geotextile sewn together
to form a grid work of diam ond-shaped cells arranged like a honeycomb
(Figure 4). The unitstested herein were the DC-2 units that had two outer
walls and three inner walls constructed such that the structureistwo cells
wide at any point. DC-3 and DC-4 units, which are three and four cells
wide, respectively, are also available. Also availableisa DC-1 unit with
triangular-shaped cells.

The outer twowalls of the unitsare 24 in. tall and the inner wallsare all 20
in. tall. According tothe Fiberweb, Inc., representative, the geocells are
also marketed tothe military under the name of DefenCell™, and the
heights of the walls were selected such that a soldier could easily step
between cellswhen constructing a barrier of DefenCells™ in the field. The
size of the individual cellsin the honeycomb structure were designed large
enough to allow a soldier wearing combat bootsto easily step into a cell.

The outer walls extend four in. higher than the inner walls. If a second
layer of Geocells is placed on top of the inner walls, the outer walls provide
an overlap between the layers. Multiple layerscan be stackedvertically.

A collapsible aluminum frame isused tohold the units open until they are
partially filled with sand. If multiple units are stacked, each layer is filled
with sand tothe 20-in. height of the inner walls, each additional layer is
placed and filled with 20 in. of sand, and the top layer is filledwith sand to
the entire 24-in. height of the outer walls.
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Figure 4. Typar® Geocell units being filled with sand.
Delivery

All of the Typar ® Geocellswere delivered tothe ERDC test facility in the
back of a single sport utility vehicle. A hand cart wasused totransport the
unitsinto the test basin, although one person could easily carry several 16-
ft-long radls of units.
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2 Testing Procedure and Results

Assembly
Assembly Method

The flood fighting barrier was assembled by employees from Fiberweb,
Inc., and from Civil & Environmental Consultants, Inc. Three persons,
including one operating a BobCat™ front-end loader, worked on the
construction at a time, while a second group of workers alternated with the
first group every hour or so.

The Geocell units come in 16 -ft lengths, rolled up (Figure 5). Each length
wasunrolled and installed separately on an aluminum framework.

Figure 5. A stack of Geocells. Each bundle is two units of 16-ftlong lengths.

The frame of 1-in. aluminum tubing comes in a custom carrying case that
includes all partsneeded to assemble the frame (Figure 6). Thelengths of
tubing fit together with push-button pinsin the ends of one piece
connecting intoholesin the adjacent piece. All parts of the frame are
numbered for quick reference (Figure 7).
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Figure 6. The aluminum assembly frame comes in a custom carrying case.

Figure 7. Framework parts are numbered at each connection for easy reference. The push-
pin connecting two lengths of tubing is visible near the middle of the picture.
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The framework consisted of 4 corner pieces, 2 straight lengths for each
side, and one straight piece on each end. Because all Geocell units are the
same length, the same frame can also be used for DC-1, DC-3 or DC~4
unitsjust by changing the length of the end pieces. A set of straight pins
wasthen inserted vertically through holesin the frame and clipped into
place. Thevertical pinswere then inserted intothe cells on all sides of the
Geocell unit, holding the unit open and rigid and ready for filling (Figure
8).

Figure 8. Aluminum framework holding open a length of Geocells.

Multiple frameswere used to allow several lengths of Geocellsto be
positioned and filled at one time. Where the ends of two lengths of
Geocellsmet, the frames were overlapped to allow the convoluted ends of
the cellsto fit together (Figure 9).

To stay within the space designated in the testing protocol required the use
of some partial lengths of Geocells. In those placesthe frame was
shortened by overlapping sections of frame (Figure 10) and the extra cells
simply cut off with a box cutter.
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Figure 9. A junction between two lengths of Geocells. The frames are overlapped to fit the
cells together.

Figure 10. The unit on the left has been shortened to fit the designated area for the test. The
extra cells will be cut off with a box cutter.
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Before filling, plastic sheeting was placed under the outer edge of the
Geocells (Figure 10). The sheeting will be wrapped ov er the Geocells after
filling.

The floor of the test basin is not perfectly level, but the fabric sides of the
Geocells easily adjusted to the contours.

A Bobcat™ front-end loader brought sand from a stockpile to fill the cells.
The sand was shov eled from the bucket of the front-end loader into the
individual cells to partially fill the cells and give stability tothe unit. After
the cellswere partially filled, sand was dumped from the bucket into the
cellsto complete the filling (Figure 11).

Figure 11. Sand being dumped into the Geocells.

Where the unit butted against the wingwall, a sheet of flashingwas placed
between the wall and the Geocell to provide a seal. In addition, expanding
foam insulation was sprayed between the wall and the unit to further seal
the unit tothe wall (Figure 12).
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Figure 12. Flashing and expanding foam sealant were used to seal the Geocells to the
wingwall.

To fit the Geocells around the 63 deg. bend in the designated layout, a
length of Geocells was set straight, the first few cells were filled (Figure
13), then the frame and remaining cellswere turned tothe desired angle
(Figure 14). Where the final length of Geocells angled into the second
wingwall, the extra cellswere rem oved with a box cutter and the end
sealed to the wall with flashing and expanding foam sealant (Figure 15).
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Figure 13. To fitthe Geocells around a 63 deg. angle, the first cells are filled for a straight
connection then the frame and remaining cells are turned to the desired angle.

Figure 14. The frame and remaining cells have been turned to fit the designated layout.
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Figure 15. The extra cells where the final length angles into the wingwall will be removed with
a box cutter.

The frames from the first layer were used to place the Geocells in a second
layer (Figure 16). A line four in. up from the base of the Geocells matches
the height of the overlap of the outer wall on the bottom layer, providing
an easy reference that the second layer is placed correctly (Figure 17).

Figure 16. Starting the second layer of Geocells.
13
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Figure 17. A line near the base of each Geocell matches up with the overlap of the outer wall
of the first layer.

Thetop of the cellswasraked smooth to provide a fairly uniform height
around the barrier (Figure 18). The cellswerenot filled to the top of the
outer cell walls but filled towith an inch or two of the top.

Figure 18. Leveling the top of the barrier.
14
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After filling with sand, the plastic sheeting was wrapped around the
barrier (Figure 19). Where two pieces of sheeting overlapped, flashing was
used totape the seam (Figure 20). Sandbagswereused to anchor the
sheeting on the inside of the barrier (Figure 21).

Figure 19. The plastic sheeting is being wrapped around the completed Geocell barrier.

Figure 20. Flashing was used to tape the seams where two pieces of sheeting overlapped.
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Figure 21. Sandbags were used to anchor the plastic sheeting on the inside of the barrier.

The completed barrier is shown in Figure 22 and Figure 23.

Figure 22. The finished barrier looking towards the 90 deg. bend in the layout.
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Figure 23. The finis hed barrier looking towards the 63 deg. bend in the layout.

Summary of Assembly

Assem bly was com pleted by three persons working at a time, including the
operator of the Bobcat™ front-end loader whoassisted in the construction
when not driving theloader. Total time of construction was 9 hrs 53 min,
or 29.65 man-hrs. Toolsused were the front-end loader, shovels, tampers,
rake, knife, and wire cutters. Materialsusedwere the sand fill, plastic
sheeting, expanding foam sealant, tape, and 9-in.-wide self-adhering
window flashing.

Length of the finished structure measured along the centerline of the
barrier was74.3 ft.

Hydrostatic Tests

One Foot Depth

After constructing the barrier on Monday, 13 September 2010, the basin
was flooded on Tuesday, 14 September. Pumpswere turned on at 1009,
and water level reached 1 ft at 1158. Nowater was observed passing the
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barrier until 1400 when the first seeps of water from under the plastic
sheeting were noted.

Seepage rates were determined by measuring the change in elevation in
the sump located in the test area. The change in elevation, multiplied by
the cross-sectional area of the sump, and divided by the time step gavethe
seepagerate. Therate was divided by the length of the Geocells barrier
(74.3 ft) and converted togallons per minute toyield resultsin gallons per
minute per linear foot of structure (gpm/ft).

Figure 24 (starting at 1036 hrs) showsthe change in measured seepage
rates asthe water in the test basin wasbrought up to the 1-ft depth. For
approximately 40 min after the full depth wasreached therewasno
measurable seepage. Seepage rate then gradually increasedtoan average
of about 0.027 gpm/ft. Figure 25, which started at 1616 hrs, showsthat
the seepage rate was maintained throughout the day. The following
morning (15 September, starting at 0727 hrs), Figure 26 showsa seepage
rate averaging about 0.025 gpm /ft.
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Figure 24. Seepage rate as water is brought up to 1 ft basin depth. Measurements started at
1036 hrs.
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Four lasers measured any movement of the structure during flooding of
the basin and any settling of the fill. When viewed from inside the test
area, the Geocell barrier consists of a section on the right-hand side that
extends perpendicular to the wingwall, a center section that spans part-
way across thetest area, and a left section that angles in tothe left-hand
wingwall. One laser was directed near the center of each theleft section
and the right section, and two lasers (one at approximately two-thirdsthe
height of the structure and one at one-third the height) were directed at
the center section. The four lasersarelabeled Left, Center High and
Center Low, and Right. White tape was placed on the barrier as targets for
thelasersto provide good reflection.

Initial measurements (prior to filling the basin) showed the targets on the
left section and right section at 36.878 ft and 39.096 fi, respectively, from
thelasers, and the center high and low targetsat 48.848 ft and 48.720 ft,
respectively, from thelasers.

Movement of the structure during filling and settling was negligible.

Figure 27 shows measurements taken during filling and one hour after
filling, and Figure 28 shows measurementstaken of the structure the
following morning. To provide a larger scale for accuracy, the two lasers
aimed at the center section of the structure are based on the primary y-axis
(left-hand side) and the lasersaimed at both theleft and right section of
the structure are based on the secondary y -axis. Lines showing a sudden
decrease in measurement (most noticeably in Figure 28) show where a
person walked in front of thelaser in the test area and donot represent
movement of the structure.

After 22 hrsat a basin depth of 1 ft, measured distancestothe targets
were: left target, 36.865 ft; right target, 38.988 ft; center high target,
48.854 ft; center low target, 48.723 ft. Movement of the structure was on
the order of 0.01 ft towardsthe lasersin each case, andis probably dueto
settling of thefill in the cells.
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Figure 27. Distance to structure during filling to 1 ft basin depth, measurements started at
1036 hrs.
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Figure 28. Distance to structure starting at 0727 hrs the following morning.
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Two Foot Depth

On 15 September, the pum pswere turned on at 1003 hrsand a basin depth
of 2 ft wasreached at 1158 hrs.

Seepage rates gradually increased with the increasing depth in the basin,
averaging slightly above 0.12 gpm /ft about 40 min after the depth of 2 ft
wasreached. Seepageratesthen decrease dlightly asthe sand
consolidated, dropping to about 0.115gpm/ft (Figure 29). Seepage rates
continued to drop throughout the afternoon (Figure 30) reaching a low of
about 0.09 gpm/ft the following morning (Figure31). However, it is seen
in Figure 31 that the basin water level dropped overnight when the
automatic water level control lost power. Aswater level was brought back
upto2 ft from 1.95 ft, seepage ratesrose toabout 0.10 gpm /ft.

Aleak wasdiscovered in onewall ofthetest area. Asthe water level in the
basinrose tothe 2 ft depth, the leak became more pronounced. Near the
end ofthe 22 hr test period ata 2 ft depth, the leakage through the wall
wasmeasured at 0.061 gpm, which would add 0.0008 gpm/ft to the
barrier seepage rate.
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Figure 29. Seepage rate as basin water level raised to 2 ft Measurements started at 1000
hrs.
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Figure 30. Seepage rates with basin water level at 2 ft. Measurements started at 1531 hrs.
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Figure 31. Seepage rate the following morning, measurements starting at 0710 hrs.

Evaluation of Typar® Geocdl Flood Fighting Barrier, US Army Engineer Research and

Devel opment Center Coastd and Hydraulics Laboratory, Dondd L. Ward, November 2010

23



There wasno discernable m ovement of the structure while the water was
brought uptothe 2 ft depth (Figure 32). Atthe end of the22 hrswith
water level at 2 ft, distancesto the targetwere: left section, 36.846 ft;
right section, 38.335 ft; center high and low lasers, 48.858 ft and 48.723
ft, respectively.
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Figure 32. Measurements to structure walls as water level was raised to 2 ft Measurements
started at 1000 hrs.

95% of Structure Height

Multiple measurem entstaken of the height of the completed structure
showed elevationsranging from 39 in. to42 in., with 40 in. appearing to
be a “typical” height of structure. The basin wastherefore filled to95% of
40 in., or 38 in. depth. Pumpswere turned on at 1017 hrs on 16
September. A depth of 38 in. (3.17 ft) wasreached at 1245hrs.

Seepage rate during filling reached a maximum of about 0.33 gpm/ft
about 40 min after the depth of 3.17 ft wasreached (Figure 33). Seepage
rate then dropped during theafternoon to about 0.28 gpm/ft (Figure 34),
leveling outat about 0.26 gpm/ft by the following m orning (Figure 35).
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Figure 33. Seepage rate during filling to 95% of structure height. Measurements started at
1010 hrs.
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Figure 34. Seepage rates starting about 2.5 hrs after depth of 3.17 ft reached.
Measurements started at 1517 hrs.
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Figure 35. Seepage rate the following morning. Measurements started at 0711 hrs.

By the end of the 22 hrsat a depth of 3.17 ft, the leak in the wall of the test
area had nearly doubled toabout 0.12 gpm, or 0.0016 gpm/ft.

Figure 36 shows slight movement of the wall sections of the structure
during filling to 95% of structure height. Four hoursafter starting to fill
the basin, andabout 1.5hrsafter maximum depth wasreached, both the
center high and center low targetshad moved 0.010 ft closer to thelasers
(approximately 1/8 in.). Therewasnorecordedmovement of the right
wall section, and the left wall section had moved 0.014 ft away from the
laser.

After 22 hrsat a depth of 3.17 ft, distancesto the laser targets were: left,
36.859 ft; right, 38.975 ft; center high andlow, 48.848 ftand 48.713 ft,
respectively.

Table 1 lists distancesto the targets at the end of each water depth test.
Little movement of any Geocell section wasrecorded, and any m ovement
observed may have been dueto shifting of the plastic sheeting around the

barrier.
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Figure 36. Structure movement during filling to depth of 3.17 ft. Measurements started at
1010 hrs.

Table 1. Distances to targets at start of testing and at end of each 22-hr depth test.

Left Center High Center Low Right
Start 36.878 48.848 48.720 39.096
1ft 36.865 48.854 48.723 38.988
2 ft 36.846 48.858 48.723 38.985
3.17 ft 36.859 48.848 48.713 38.975
Difference (start
to 3.17 ft depth) | 0.019 0.000 0.007 0.121

Hydrodynamic Tests

Low water, small waves

The basin drains were opened at 1105 hrs, and the water had drained toa
depth of 2.22 ft (66.7% of 40 in. structure height) by 1310hrs.
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Small waves (2-in. wave height, 2-sec wave period) were started at 1322
and generated for 2.5 hrs of the 7 hrsrequired for the test. The basin was
then drained and shut down for the weekend.

Before filling the basin after the weekend, flashing was placed along the
outside of the crack in the test area wall that had been leaking. Theleak
was alm ost com pletely stopped.

The pumpswere turned on at 0825 hrs on 20 September. A depth of 67%
of structure height (2.22 ft) wasreached at 1205 hrs (actually the basin
was over filled by about 1 in., then water level was brought back down
before starting wavestest). Seepage rates measured during the filling of
the basin are shown in Figure 37. There wasno discernable m ovement of
the structure wall sections during filling of the basin (Figure 38).
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Figure 37. Seepage rates while filling basin to depth of 2.22 ft for hydrodynamic tests.
Measurements started at 1040 hrs.
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Figure 38. Movement of barrier walls during basin filling to 2.22 ft Measurements started at
1040 hrs.

Small waves (2-in. wave height, 2-sec wave period) were started at 1234
hrs. Waveswere generated for 4.5 hrsto completethe7 hrtest. Seepage
rates during the test were about 0.15 gpm/ft (Figure 39). For comparison,
seepagerates in the first few hours of the hydrostatic testswereabout 0.11
at a depth of 2.0 ftand 0.30at a depth of 3.2 ft.

There wasno discernable movement of the structure walls during the
small waves test (Figure 40).
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Figure 39. Seepage rates during tests at low water, small waves. Measurements started at
1238 hrs.
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Figure 40. Measurements of wall movement during tests at low water, small waves.
Measurements stated at 1238 hrs.
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Low water, medium waves

On 21 September, with water level still set at 2.22 ft (66.7% of structure
height), the small waves were generated for 31 min to allow time for the
photographer totake some pictures. The small waves stopped at 1057 and
the basin wasallowed to still.

Medium waves (6-to 8-in. wave height, 2-sec wave period) were generated
in three bursts of 10 min each with time after each burst toallow the basin
tostill. The first burst was generated at 1106 hrs, the second burst at 1140
hrs, and the third burst at 1219 hrs. The third burst wasallowed torun an
additional 11 min to allow time for the photographer to take pictures.

The medium waves caused minor overtopping of the structure but no
discernable movement. Regrettably,thelaser program wasturned on at
1054 hrs, but collected data for only 3 sec before shutting down for
unknown reasons without the knowledge of the researcher. Seepagerates
and structure movement data were therefore not collected during the low
water medium and large waves.

Low water, large waves

With the basin water depth maintained at2.22 ft, a single 10-min burst of
large waves (10-to12-in. waveheights, 2-sec wave period) was generated
starting at 1313 hrs. Although there was more overtopping than with the
medium waves, the am ount of overtopping was still low. Therewasno
discernable movement of the structure. Again, the laser program wasnot
collecting data during thistest run.

High water, small waves

The water level in the basin wasraised to a depth of 80% of structure
height, or 32 in. (2.67 ft). Small waves (2-in. waveheight, 2-sec wave
period) were generated for 1 hr starting at 1440 hrs. Seepage rates during
thetest were about 0.18 gpm/ft (Figure 41).
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Figure 41. Seepage rates during tests with high water and small waves. Measurements
started at 1444 hrs.

Laser measurem ents of the structure show a sudden change in the center
high distance at about 50 min. into the test, indicating the target moved
away from the laser by about 0.06 ft (Figure 42). Itisnot likely that the
structure would moveaway from the lasers when the water pressureis
pushing the structure towardsthelasers. Thelaser target is taped to the
plastic sheeting wrapped around the structure. & is probable that the
plastic sheeting shifted and caused the target tom ov e the 0.06 ft.
However, this is just conjecture.
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Figure 42. Movement of structure sections during tests at high water with small waves.
Measurements started at 1444.

High water, medium waves

Three runs of 10-min length each were made at a depth of 80% of
structure height (2.67 ft) and m edium waves (6 - 8-in. wave height and 2-
sec wave period). Waveswere observed increasing in height during the
run due to reflected wave energy, which is the reason runs with larger
waves are limited to bursts of 10-min each. Overtopping was observed
towards the left-hand end of the center section and where the structure
abutted tothe wing walls. Combined overtopping and seepagerate was
about 3.5 gpm/ft (Figure 43). Where seepage data is missing in Figure 43
it is because the sump was being pumped down.

The water depths shown in Figure 43 should not be confusedwith wave
action. Depth measurementswere taken inside a dampening tube which
will not reflect the actual motion of waves with a 2-sec period. Insteadthe
depths shown in Figure 43 are 10-sec averages of thereadings inside the
dampening tube. The fluctuationsin elevation are a result of the wave
action, but are not to be confused with a direct recording of the waves.
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A slight movement (0.01 ft) is observed at the center high laser during the
first 100 sec of the run (Figure 44). It islikely that thisapparent
movement is due towaveaction tightening the plastic sheeting across the
top of the barrier and causing the plastic sheeting inside the barrier to
move slightly away from the barrier and towardsthe laser. Total
movement isabout one-eighth in.
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Figure 43. Seepage, overtopping, and water surface elevation during second run with high
water and medium waves.
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Figure 44. Structure movement during second run with high water and medium waves.

High water, high waves

Before starting therun with high waves (10-to12-in. waveheightsand 2-
sec wave period), the seepage rate wasabout 0.16 gpm/ft. With the

ov ertopping from the waves, the combined seepage and overtopping was
about 5 gpm /ft (Figure 45). The increase in fluctuations in water surface
elevation duetothe wavesin evident in Figure 45, but again the
fluctuations shown are 10-sec averages of depthstaken inside a
dampening tube and are not direct representation of wave action.

The apparent movement of the structure seen in Figure 46 ismost likely
duetolaser reflections off the overtopping water. Thelaser data is
collected at about 30 Hz, but the plot showsthe data reduced to10-sec
averagesin order to keep the file sizesmanageable. As awave overtops the
structure, the ov ertopping water flows down in front of the target taped to
the plastic sheeting surrounding the structure (Figure 47). The lasers
reflect off the water surface instead of the target, causing false indications
of structure movement. No actual movement of the structure was
observed.
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Figure 45. Seepage plus overtopping, and water surface elevation during tests with high
water and large waves.
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Figure 46. Structure movement during test with high water and large waves.
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Figure 47. Wave overtopping during test with high water, large waves.

Overtopping Test

On 22 September, pumpswere turned on at 0815to raise the water level
for the overtopping test. Seepage plus overtopping asthe water level was
brought up are shown in Figure 48 and structure movement is shown in
Figure 49.

Water reached the front edge of the structure ata depth of 39.8 in., but
hadnotyet started flowing ov er the structure. Actual overtopping began
at 0919. By 1019, the water was at a depth of 42.4 in. which resulted in a
flow over theleft section of the structure between 1.5and 1.75in. deep,
flow across the center section was between 1.75and 3 in. deep, and part of
the right section was dry.

Thewater level was dropped toa depth of 42.2 in. for the duration of the
test. Depths of flow over the structure ranged from 1 in. to3.5in., except
for about one-half of the right section which was dry. Overtopping during
thistime period is shown in Figure 50.

Nomovement or damage tothe structure was observed during the test.
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Figure 48. Water level and seepage rate as water is brought up for overtopping test.
Measurement started at 0850 hrs.
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Figure 49. Structure movement as water level is increased for overtopping test.
Measurements started at 0850 hrs.
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Figure 50. Flow over the barrier during the overtopping test.

Debris Impact Test

To test the flood fighting structures for their ability to withstand impact
from debris floating by in an actual flood, a debris impact test was
conducted as part of the Standardized Testing Protocol. The debris impact
test involved towing two logsinto the structure with a winch located inside
thetest area (Figure 51). Thelogsweretowed in at a 20-deg angle at a
speed of 5 mph (7 ft/sec), and power to thewinch was cut just prior to

im pact with the structure. Both logswere 10-ft-long and cut from a
creosote-coated telephone pole. The smaller log was 12 in. diameter and
weighed 6101bs dry; thelarger logwas16.5 in. diameter and weighed 790
Ibs dry. Both logshad been soaking in water for 1-1/2 weeks prior to
testing and undoubtedly had increased in weight. A piece of plywood was
placed on top of the barrier to protect the plastic and fabric from being
torn by the cable (Figure 52).
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Figure 51. Setup for debris impact tests.
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Figure 52. Log and protective plywood covering on the barrier.

Thetwologsweretowed intothe structure one at a time, the smaller log
first (Figure 53 and Figure 54). Neither log caused any noticeable damage
to the structure, not even a tear in the plastic sheeting. When the plastic
sheeting wasrem oved during disassembly at the end of test series, the
Geocell fabricwas searched for any signs of damage from thelogs. No
damage was found.

The debris impact test was conducted at a water depth of 66.7% of
structure height, or 2.2 ft. Seepage ratesrecorded asthe water depth was
lowered to the test level and held throughout the test are shown in Figure

55-
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Figure 53. Debris impact test with log towed into the barrier.

Figure 54. Debris impact test as log struck barrier.
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Figure 55. Seepage rates during debris impact test.

Movement of the structure is shown in Figure 56. Linesin the figure that
drop below the graph were caused by people walking between the lasers
and the targets.

Data recording for Figure 56 started at 1342 hrs. From the video of thelog
im pact, the first log impactwasat 1427 and the second one at 1438 hrs.
Although the com puters were not synchronized, impacts should therefore
appear in Figure 56 at approximately minutes 45 and 56. Thereareno
indications of an impact at minutes 45 and 56 in the figure, but there
appear to be small movements in the center low data indicated at minutes
57 and 68, and it is possible the com puter clocks could differ by 10
minutes. However, the data pointsin Figure 56 are1-min averages of the
laser data recordings. Examination of the raw data showsthat none of the
apparent movements of the structure are associated with m ovements of
less than one-half meter, and it is clear from the video that there wasno
movement of anywhere near that magnitude. In fact, there wasno
movement at all visible in thevideo. In other words, the apparent small
movements in Figure 56 were caused by someone walking in front of the
target for a short period of time such that the one-min average showed a
small movement in the target.
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Figure 56. Structure movement during debris impact test.

Closer examination of the raw data showsthat center high target moved
inward by 0.003 m (0.121in.) and the center low laser target moved inward
by 0.002m (0.08 in.) at minute 54 in the recording, and that the structure
then stayed in the new position. It isassumed that this movement was
caused by im pact with the large log. Therewasno evidence of any
movement caused by the small log.

Disassembly

After the final test on 22 September, the plastic sheeting wasremoved
from the structure and the structure examinedwhile the basin was flooded
at a depth of 2.88 ft. With the plastic removed, it was evident that much of
the seepage was coming through the structure at the joint between
Geocellswherea bend wasmade in the Geocell tomake the 63 deg angle
in the layout specified by the protoca (Figure 57 and Figure 58). Although
it could not be measured separately,itappeared that about one-halfthe
total seepage was coming through this one seam. There wasvery little
seepagewhere the structure wastied intothe wing walls, and no other
areas of concentrated flow.
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Figure 57. Seepage flow through joint in barrier near the angled Geocell unit.

The joint that included the bend in the Geocells was formed by filling the
first few cells in a straight line with the previous Geocell, then turning the
framework and the remainder of the Geocell to form the bend (Figure 13
and Figure 14). When the frame wasrotated, the Geocell was only lightly
held in place because only the first cellshad been filled. It islikely that the
seal with the previous Geocell wasloosened allowing the seepage to
develop through the seam. It wasnot clear if the weak seam occurred in
both layersof Geocell or only in the top layer.

On 23 Septem ber, the drain was opened at 0825 and disassembly started
at 1538. Disassembly wasconducted by 2 people including an operator for
the Bobcat™ front-end loader. Equipment used included shovelsand
knives. Both front-end bucket and forks were used on the Bobcat™.
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Figure 58. Close up of flow through joint in Geocell unit.
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The plastic sheeting had already been removed. Using a box cutter, the
outer wall of each cell in the Geocells was sliced vertically allowing the
sand to fall out (Figure 59). All cellswere cut by 1545hrs. With one
person on the Bobcat™ and one person tohelp pull on the fabric, the
Bobcat™ operator inserted the front forks of the Bobcat™ between the
upper and lower layers of Geocells and lifted theupper layer, allowing the
remaining sand in the upper layerto drain out of the cells (Figure 60 and
Figure 61). The Geocellsthusremovedwere stacked for later removal.

Figure 59. Geocells are sliced open with a box cutter for removal.
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Figure 60. A forklift lifts the fabric from the top layer of Geocells.

Figure 61. As the fabric is lifted, the sand separates from the cells.
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Thetop layer of Geocellswasremoved by 1557 hrs.

While the top layer of Geocellslifted easily out of the sand, the Bobcat™
operator had more trouble with the lower layer. Many of the Geocells
ripped when being lifted by the forks. Because the Geocellswere not
intended for re-use, tearing the cellswas only an issue in that it made
removalmore difficult. The forks on the Bobcat™ were therefore swapped
for the front bucket. Because the outer walls of the cellshad been cut,
much ofthe sand could berem oved with the front-end loader (Figure 62).
After removing the outer areas of sand, the center section was picked up
with the bucket, picking up both sand and fabric. By careful dumping, the
sand was dumped intothe pile while the fabric either remained with the
bucket or waseasily removed from the sand pile by hand.

Figure 62. Sand is removed with front-end loader from each side of the barrier.
The bottom layer of Geocellswasremoved and the area cleaned up at 1733

hrs. Excluding safety breaks called by ERDC, the total tim e required to
take down and clean up the site was 2.87 man-hrs.
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Summary

The Typar ® Geocell flood barrier from Fiberweb, Inc, was constructed by
a 3-person crew using hand toolsand a small Bobcat™ brand front-end
loader. Two crewswere on station androtated in to spell the working
team. Construction of the 74.3 -ft-long by 54 -in.-wide by 40-in. high
barrier took 9 hrs 53 min, or 29.6 man-hrs, not including a lunch break.

Shovelswere used to place the sand in each cell for the first part of each
fill, after which sand was more readily dumped from the front-end loader
with minor distribution of the sand by shovels. The time required to fill
the units with sand istherefore partially dependent on the type of loading
equipment, distance from the sand source tothe barrier wall, and number
of workersunloading the front-end loader. Total timetoconstruct could
bereduced by the use of a larger front-end loader toreduce the number of
trips tothe sand pile, or by placing the sand source closer tothe structure.

The barrier waswrapped in plastic sheeting toreduce seepage and sealed
to the wing walls with expanding foam sealant and flashing.

There wasno discernable movement of the barrier during the filling of the
basin and no indicationsthe barrier wasnot com pletely stable throughout
thetests.

Seepageratesare shown in Figure 63 for the hydrostatic tests in week1 of
thetesting (1.0 ft, 2.0 ft,and 3.17 ft depths)and in week 2 at the start of
the hydrodynamic tests at low water (2.22 ft depth) and high water (2.67
ft). Seepagerates for the twoweeksare consistent. On disassembly itwas
found that much of the seepage, at least at high water levels, was coming
through one seam between adjacent Geocell unitsthat may have been
loosened during construction. At a basin depth of 2.88 ft, it appeared that
one-halfthe seepagewas coming through this one seam.

Tests with waves, overtopping, and debris impact had nonoticeable effect
on the structure.
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Figure 63. Summary of seepage rates. Week 1 included the hydrostatic tests. The points
from Week 2 were at the start of the small waves test at low water and high water.

Disassembly was extremely quick using only shovels and the Bobcat™
front-end loader, thistime equipped with forks part of the time and bucket
part ofthetime. Total time to disassemble the structure and conduct
general cleanup of the site was 2.87 man-hrs.

Table 2. Summary of Tests with Typar® Geocell.

Test Measure ments

Construction/Repairs/Disassembly
Construction (man-hrs) 29.6

Repairs (man-hrs) n/a

Disassembly (man-hrs) 2.9
Hydrostatic Seepage Rates (gpm/Ift)
1 ft Head 0.02

2 ft Head 0.08
0.95H Head (3.17 ft) 0.26
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Other Factors
Constructability and Re-usability

Theunitswere placedwithout any specialized equipment. The only
mechanized equipment used wasa small front-end loader /forklift.
Because no large equipment or machinery isrequired, the units could be
placed in an area with a minimum right-of-way or over surfacesnot suited
toheavy equipment. Although the unitswere placed by factory personnel,
it was evident that unskilled labor could easily construct the barrier with a
minimum of training or supervision.

Equipment used, in addition to the front-end loader/forklift, included
shovels, box cutters, hand tampers, rakes, and wire cutters.

In addition to the sand, suppliesrequired included plastic sheeting,
expanding foam sealant, and window flashing.

The unitswere not intended to be re-usable and were destroyed in the
removal process.

Theunitsare designed to be stacked, and a two-unit high stack of DC2
units was shown to be fully stable. No information isavailable on the
maximum water depth that awall of units can safely hold back. For water
depthsgreater than the twolayerstested, use of the wider DC-3 or DC-4
units should be considered.

Environmental

The geotextile in the Typar ® Geocell unitsisgenerally inert and can be
disposed of safely. However, thereisa possibility of the fabric picking up
contaminants from the flood waters and require special disposal.

The aluminum framework is environmentally inert and does not require
disposal due to itsre-usability.

The sand placed within theunits will pick up any contaminants carried by

the flood waters. In addition, asthe sand wasremoved from the units
during disassembly, pieces of geotextile were picked up with the sand and
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dumped in therefuse pile. For thesereasons, special disposal of the sand
may be required.

The expanding foam sealant and the window flashing used to seal the
barrier tothe wingwalls can be disposed of safely.

Unless contaminants are picked up during the flood, there do not appear
to be any special environmental concernswith use of or disposal of a
Geocell barrier.

Cost

The cost of 1,000 ft of a Typar® Geocell wall, two layershigh, including
130 units of Geocell and 3 frames, is $22,140 as of October 2010.

Comparison to Sandbags Baseline Data

Table 3 com pares measured parameters from the Typar® Geocell tests
reported herein to baseline data collected in 2004 with a sandbag barrier
following the same protocol.

Table 3. Comparison of Typar® Geocells to sandbag baseline data.

Typar Geocell Sandbags
Install/Remove Man-hrs
Construction 29.6 205.1
Repair 1 n/a 2.0
Repair 2 n/a 2.0
Repair 3 n/a 2.0
Disassembly 2.9 9.0
Depth (ft) Seepage (gpm/ft)
1.0 0.025 0.47
2.0 0.08 0.23
2.85 0.53
3.17 0.26

The Typar® Geocell barrier outperformed the sandbagsin every category:
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e Although the sandbag barrier wasonly 36 in. in height and
the Geocell barrier was 40 in. tall, the sandbag barrier took
seven timesaslong to build as did the Geocell barrier, three
timesas long to remove, and required more heavy
equipment.

e The Geocell barrier outperformed the sandbags in seepage
rate at every water level tested.

e The sandbag barrier was damaged during tests with waves

and failed during the overtopping test; the Geocell barrier
wasundamaged by waves or overtopping.
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Conclusions

The Typar ® Geocell flood fighting barrier from Fiberweb, Inc, appearsto
be a cost-effectivem eans of rapidly raising a levee or providing a barrier
against rising flood waters. Twolayers of the Geocell DC-2 units tested
easily held back watersto a depth of 3.2 ft. A barrier of the wider DC-3 of
DC-4 units should be capable of holding back deeper waters, but were not
tested.

Using noheavy equipment except for one Bobcat™ front-end loader, the
40-in.-high by 74.3-ft-long barrier was constructed in 29.6 man-hrs, or
0.40 man-hrs per ft. This included time spent sealing the ends of the
barrier tothe concrete wingwalls of the test basin, and included making
both a 90-deg bend and 63-deg bend in the planform. Less time would be
required to construct the barrier in a straight line as in a more typical
application. Removal required only 2.9 man-hrs.

Theunitsarenot intended for re-use, except for the aluminum frames
used in the construction.

Theunitsare designed such that one man can erect a barrier by hand
using only a shovel, and sufficiently lightweight that an entire length of
wall can be easily transported in a backpack.

Com pared to the baseline sandbag barrier data from 2004, the Geocells
were much quicker to install and rem oveusing less equipment, had less
leakage at every water level tested, and were undamaged by any test in the
series. The sandbags, on the other hand, were damaged during tests with
large waves and failed during the overtopping test.

55

Evaluation of Typar® Geocdl Flood Fighting Barrier, US Army Engineer Research and
Devel opment Center Coastd and Hydraulics Laboratory, Dondd L. Ward, November 2010





