Figure 2-177. Reusable grid units ready for cleaning, refolding, and stacking

The preceding sequence was repeated for each grid unit layer until the entire levee
structure was disassembled. Figures 2-178 through 2-182 are views of the remainder of
levee removal. Assistance from the small front-end loader achieved greater removal
speed, but decreased the reusability of the grid units due to damage. Figure 2-184 shows
a debris pile of nonreusable grid units mixed with sand and sand/cement materials.
Due primarily to the effects of disassembly, approximately 10 percent of the plastic
material was nonreusable and nonrepairable. According the manufacturer's literature,
normally-anticipated breakage is repaired by replacing the broken grid unit piece or by
reinforcing the broken piece. Manufacturer stipulations apply regarding reusability and
placement of repaired grid units back into service.
Environmental aspect
All materials used were nonhazardous and nontoxic. Technical information and
Material Safety Data Sheets (MSDS) for the plastic grid units provided by RDFW®
indicated no exposure hazards due to everyday usage of the construction materials. The
sand fill also presented no exposure hazard.
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Figure 2-178. Continuation of sand removal using shovels

Figure 2-179.
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Preparing to remove one of second layer grid units. Note
bandaged wrists to prevent cuts and scrapes from grid units
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Figure 2-180. Removing a grid unit

Figure 2-181. Bottom layer removal assistance provided by small loader
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Figure 2-182. Removing grid unit/sand combination

Figure 2-183. Some nonreusable grid units
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Figure 2-184.

Nonreusable grid units, sand, and sand/cement mixture ready
for disposal

From an overall environmental consideration, the RDFW does not pose a substantial
threat to the environment after the wall is constructed and filled with sand. The
co-polyester that makes up the framework for the wall is not affected by water coming
into contact with it during a flood. There are no health effects with the material in the
solid state that the material is used for during the construction. It should be noted that a
cement mixture was placed on the front side of the structure during construction. During
testing of the structure, water was collected from the seepage through the barrier and
measured for pH. The pH of the water was 11.61. This is a high pH for the water, since
a pH of 7 is considered neutral. During a flood event, this high pH will probably be
diluted due to the large volume of water.
Upon completion of use of the RDFW, the structure should be removed from the site.
The co-polyester material that forms the cells for the barrier is reusable and should be
disassembled and packed up for removal. The co-polyester material should not be left
onsite due to the small cells formed in the structure, which could trap small animals. If
the co-polyester structure cannot be reused, then it should be disposed of by recycling or
land-filling. This material should not be burned due to the formation of carbon dioxide
and carbon monoxide upon combustion.
Should the floodwater be contaminated with waterbome bacteria or pollutants, the
sand fill inside the units also may become contaminated. The plastic grid itself should
provide some physical barrier protection for nonwater-soluble contaminants such as
floating oil, but water-soluble or suspended contaminants would likely be adsorbed by
the sand fill. The sand used to fill the structure should be disposed of in an appropriate
manner. If the floodwater is contaminated then the sand will have to be tested for the
contaminants of concern. If it turns out the sand is contaminated then it will have to be
disposed of according to the appropriate regulations. The cement mixture placed in the
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front of the structure will have to be removed also. A pH test of the soil around the
structure will need to be performed to determine if the soil has a high pH. If the soil has

an elevated pH then the pH might have to be adjusted so that vegetation can grow on the
surface.
Since the sand used to fill the RDFW is placed into the barrier by machinery, the

work site will have to cleaned and put back into original condition. The main problem to
be concerned with is that the machinery could create depressions and ruts in the ground
that could be conducive to erosion. Problem places around the structure and work area
should be repaired before the site is vacated.

Portadam® Levee Tests
Design
The Portadam® company (http://www.portadam.com) specializes in water-diversion
and cofferdam structures (Portadam® 2004). The Portadam® system is a steel
framework supporting a vinyl liner, which acts as a dam to prevent floodwater damage
inside the area protected by the structure. No fill materials are required, but sandbags are
typically used to weight down the liner's bottom edge (the apron). The top edge of the
liner is tied to the steel frame.
The steel framework and vinyl liner are manufactured in various lengths and sizes
depending on the application. The system provided for this test consisted of a frame 5 ft
high with 5-ft base width, and a vinyl coated polyester tarp (18 oz/sq yd Style 3818
manufactured by Seaman, Inc). The tarp extends from lying flat on the floor in front of
the frame up to and attached to the front face of the frame at a height of 3 ft for this test.
Engineering analysis of the structural capacity to resist overturning, sliding, bending
moments, and failure by bursting were provided by PortaDam®. The system concept
utilizes the hydraulic pressure applied by the water load on the outside to produce an
apron seal. The slope angle for the 5-ft frame is 42 deg, which allows a safety factor
against sliding greater than 1 at a 5-ft flood crest. Maximum bending moment on the
,steel frame is 2,147 ft-lb, but frame section properties and safety factor were not
presented. Vinyl tarp tensile failure stress was listed at 132 N, and ultimate tensile
strength is 3,855 N, implying a safety factor of 29 against fabric bursting. Although no
anchoring is required at a grassed field site, on the concrete floor a heel stop was
recommended for the frame base to increase friction resistance against sliding.
For the ERDC test, the 5-ft steel frames, a roll of vinyl tarp, and a barrel of
connectors were furnished. Commercial price to purchase the materials was listed as
approximately $62 per linear foot.
Construction
Layout of the Portadam® levee frame is shown in Figure 2-185. The 2-in. x 6-in.
treated lumber heel stop was installed by ERDC personnel prior to constructing the levee
by bolting into the concrete floor at 4-ft intervals.
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Figure 2-185. Portadam® levee layout

Ambient air temperatures inside the enclosed metal hangar quickly rose from the
mid-70s up to the mid-90s by late morning. Fans were placed in the work area, and water
and electrolytic fluids were made available to all workers and observers.

Figure 2-186. Air temperature monitor

The steel frames were bundle-shipped, loaded into the back of a pickup truck, and
delivered to the test facility along with connecting bolts and the vinyl tarp. A Portadam®
supervisor, four laborers unfamiliar with the product, and a forklift operator began the
installation sequence. After a 2-min introduction and training session, three of the
laborers began filling sandbags to weigh down the apron (Figures 2-187 and 2-188). The
forklift operator unloaded and delivered the frames into the test facility. One laborer and
the supervisor began assembling and installing the steel frames outward from the heel
stop. Each frame weighed 28 lb.
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Figure 2-187. Apron sandbag filling operation

Figure 2-188. Transporting sandbags

The frames were assembled in pairs with two hand-tightened bolts connecting the
lower legs (Figure 2-189). The assembled pair weighed 56 lb and was moved into
position against the heel stop (Figures 2-190, 2-191, and 2-192). A top spreader bar
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Figure 2-189. Connection at lower leg of frames

Figure 2-190. Frame 2 x 6 heel stop
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Figure 2-191. Beginning frame installation from right abutment wall

Figure 2-192. Frame installation against heel stop from left abutment wall
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(4 lb) was installed at the top of the frame pair, which produced a "V" shaped frame pair
spanning a linear distance of 28 in. The next frame "V" pair was set next to and in line
with the previous frame pair and was connected at the top with an adjustable channel iron
clamp (9 lb). The clamp has one bolt, which is preassembled into the clamp and is
tightened with a ratchet and socket (Figure 2-193). The "V" frames were installed in
sequence along the straight sections of levee, and were positioned in the 90- and 60-deg
angled comers by adjusting the frames and clamp locations (Figures 2-194 and 2-195).
Figure 2-196 shows the completed frame assembly.
After the frame installation was completed by the laborer and supervisor (in 85 min),
concurrently with sandbag filling (three laborers took 75 min to fill 100 sandbags) and
delivery via forklift, the vinyl tarp was ready to be installed.
After a weeklong delay in shipping the selected vinyl tarp, installation resumed. The
same labor crew was onsite.
The Hyster® forklift (see Figure 2-188 above) offloaded the tarp from a pickup truck
bed as two laborers resumed the sandbag filling operation (Figure 2-197). Two laborers
and the supervisor then unrolled the tarp (Figure 2-198) and began placing a sandbag on
the floor between each "V" frame opening (total of 51 sandbags) (Figure 2-199). The
sandbags were placed for the purpose of buttressing the lee side of the vinyl tarp against
water pressure bulges.

Figure 2-193. Frame bracket
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Figure 2-194. Installing frame at 90-deg corner

Figure 2-195. Frames at 60-deg corner, front view
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Figure 2-196. Completed frame assembly

Figure 2-197. Offloaded vinyl tarp sections to begin unrolling operation
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Figure 2-198. Unrolling tarp section

Figure 2-199. View of sandbags placed between each frame opening
Next they secured the two separate tarp pieces together by inserting hairpin cotter
pins (Figure 2-200) spaced approximately 4 in. apart along the seam (Figure 2-201),
rolling two seam flaps together (Figure 2-202) and fastening the overlap with hook and
loop pile strips along the seam length (Figures 2-203 and 2-204).
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Figure 2-200. Hairpin cotter for securing two vinyl tarp sections together

Figure 2-201. Securing two tarp sections together with hairpin cotters
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Figure 2-202. Rolling seam

Figure 2-203. Hook and loop fastening seam flap
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Figure 2-204. Vinyl tarp seam connection complete
The tarp was then pulled upward onto the frame and nylon cords were tied to secure
the tarp on the frame (Figures 2-205 and 2-206). The apron was pulled outward and its
edge was taped to the concrete floor with 4-in. wide adhesive roll tape. A single row of
sandbags was then laid over the taped edge (Figure 2-207).

Figure 2-205. Pulling vinyl tarp up to frame
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Figure 2-206. Tying tarp to frame

Figure 2-207. Taping apron to concrete floor and placing sandbags over tape

At the end of the joined vinyl tarp sections, expandable foam was used to seal against
any possible water leakage. The apron edge sandbag was then placed back into position
(Figure 2-208).
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Figure 2-208. Expandable foam treatment at vinyl tarp apron edge

At each concrete wingwall abutment, a can of expandable foam was sprayed on the
concrete wall/floor junction and the tarp was pushed against the wall. A vertical 2 x 4
was placed to hold the tarp against the wall, and sandbags were placed against the wall
(Figures 2-209 and 2-210). The total number of sandbags placed inside the steel frames,
over the apron edge, and at wall abutments was 178.

Figure 2-209. Expandable foam treatment at concrete wall abutment
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Figure 2-210. Sandbags and 2x4 board along concrete wall abutment
After each abutment/tarp interface was treated, rope-tying the tarp to the frame was
finalized, and the barrier construction was essentially complete (Figure 2-211). Prior to
filling the reservoir to begin the hydrostatic tests, laser targets were positioned on the
steel frames (Figures 2-212 and 2-213). A pool elevation sensor was then positioned on
top of the center apron (Figure 2-214).

Figure 2-211. Portadam® levee construction completed
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Figure 2-212. Laser target mount

Total duration to install the Portadam® barrier was 4.07 hr with a crew of six men.
On a man-hour basis, the installation took 24.4 man-hours. The vendor representative
verified in writing that the levee had been constructed properly and was ready for testing.

Figure 2-213. Installing one of laser targets
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Figure 2-214. Pool elevation sensor placed on center apron

Performance
Barrier testing began after construction was completed, and performance of the
barrier was documented. Three minor repairs were allowed within seven windows of
opportunity during the tests, as described in Appendix C. After the overtopping test, one
final repair (or rebuild) was allowed prior to the impact tests.
Disassembly and removal of the barrier was performed after testing was completed
and the test basin was drained. An environmental evaluation was also performed for the
barrier system, to include environmental hazards aspects of construction and disposal.
Hydrostatic head tests
The pool elevation was raised to three different elevations for a minimum of 22 hr at
each predetermined elevation. During the testing period, levee movement and seepage
values were recorded. During and after each test, the levee was inspected for weakness
and/or failure before the pool elevation was raised to the next level.
Hydrostatic head test, 1-ft reservoir (33 percent height). The water level in the
reservoir on the pool side of the levee was raised to a height of 1 ft (33 percent of levee
height). As the initial pool elevation began to rise, some air pockets under the apron were
observed. The supervisor walked out and placed a few sandbags on these air pockets to
flatten them out (Figure 2-215). The barrier had very little water seepage, ranging from
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0.08 to 0.11 gpm/lft (Figures 2-216 and 2-217). Zero displacement was observed. Prior
to the next test, Repair I was performed (discussed in the following paragraphs).
Hydrostatic head test, 2-ft reservoir (66 percent height). The water level in the
reservoir on the pool side of the levee was raised to a height of 2 ft (66 percent of levee
height). Seepage rate was similar to the 1-ft head test, ranging from 0.12 to 0.15 gpm/lft
(Figure 2-218), and no displacement was observed. Figure 2-219 shows a typical view.

Figure 2-215. Air bubbles beneath apron

Figure 2-216. Under-apron seepage at 1-ft hydrostatic test
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Figure 2-217. Seepage flow rate per linear foot at 1-ft pool elevation (33% H)
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Figure 2-218. Seepage flow rate per linear foot at 2-ft pool elevation (66% H)
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Figure 2-219. View of right wing from pool side, 2-ft hydrostatic head
Hydrostatic head test, 3-ft reservoir (95 percent height). The water level in the
reservoir on the pool side of the levee was raised to a height of 34 in. (95 percent of levee
height). Seepage ranged from 0. 13 to 0. 15 gpm/lft (Figure 2-220), and zero displacement
was observed. Figure 2-221 shows a typical view.
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Figure 2-220. Seepage flow rate per linear foot at 95 percent pool elevation
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Figure 2-221. View of right wing from pool side at 95 percent (3-ft) pool elevation

Hydrodynamic tests
The testing protocol specified that packets of monochromatic waves with a wave
period T = 2.0 sec be generated to hydrodynamically impact the Portadam® levee.
Hydrodynamic tests were performed at two different pool elevations (66 percent and
80 percent of levee height). At the 66 percent height, 3-in. waves (measured from trough
to crest) were generated continuously for a period of 7 hr. Waves ranging from 7 to 9 in.
were then allowed to impact the structure a total of 30 min (three 10-min intervals with
15-min calming periods between). Next, wave heights ranging from 10 to 13 in. were
allowed to impact the structure for 10 min.
The water was then raised to a level of 80 percent levee height and the preceding
tests were repeated. The order of testing was changed by postponing the 3-in. wave test
until after the 7- to 9-in. and 10- to 13-in. tests were conducted, due to a scheduling
change requested by the onsite Portadam® representative. At the end of each 10-min
increment of wave testing (excluding the 7 hr of 3-in. waves), the testing basin was stilled
for up to 15 min to allow the waves to dissipate.
3-in. wave test, reservoir level at 66 percent levee height. The water level in the
reservoir on the pool side of the levee was lowered from the 95 percent level to a height
of 24 in. within an interval of about 2 hr. The wave generator was activated, and the
waves began to impact the levee. Flow rate ranged from 0.08 to 0.09 gpmr/lft (Figure 2222), and appeared to be uniformly seeping under the vinyl. No displacement and no
overtopping waves were noted. Figure 2-223 shows a typical view from the pool side.
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Seepage flow rate per linear foot with small waves at 66 percent
pool elevation

Figure 2-223. View of right wall, small waves at 66 percent height

7- to 9-in. wave test, reservoir level at 66 percent levee height. The water level in
the reservoir on the pool side of the levee was held at a height of 24 in., the wave
generator was activated, and the waves began to impact the levee. Flow rate remained
steady, ranging from 0.08 to 0. 10 gpm/ilft (Figure 2-224), and appeared to be uniformly
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seeping under the vinyl. No displacement and no overtopping waves were noted.
Figure 2-225 shows wave action as viewed from the right wall.
Portadam Dynamic Medium Waves, Water Elev. 66%H
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Figure 2-224. Seepage-flow rate per linear foot with medium waves at
66 percent pool elevation

Figure 2-225. Wave action from medium waves at 66 percent height
10- to 13-in. wave test, reservoir level at 66 percent levee height. The water level
in the reservoir on the pool side of the levee was held at a height of 24 in., the wave
generator was activated, and the waves began to impact the levee. Flow rate ranged from
0.08 to 0.36 gpm/lft (Figure 2-226). No displacement was noted, but wave overtopping
occurred with each wavefront and contributed to the increased flow rate. Figures 2-227
and 2-228 show the high wave action. The test was running from 14 to 24 min on the
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timeline. It should be noted that the seepage rate lags the start of wave action during the
test and continues to rise and then fall after the test is complete.
Portadam Dynamic High Waves, Water Eiev. 66%H
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Figure 2-226. Seepage flow rate per linear foot with high wave at 66 percent
pool elevation

Figure 2-227. Wave action from high waves at 66 percent height
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Figure 2-228. Wave action from high waves at 66 percent height, view inside
left wall
3-in. wave test, reservoir level at 80 percent levee height. This test was performed
out of order from the protocol and just prior to the overtopping test. The water level in
the reservoir on the poolside of the levee was held at a height of 29 in., the wave
generator was activated, and the waves began to impact the levee. No wave run-up and
overtopping actions were observed, and the total flow rate ranged from 0.09 to
0.1 gpm/lft (Figure 2-229). No wave overtopping and no displacement were noted. The
80 percent height was held overnight after conclusion of the 3-in. test to facilitate the
overtopping test.
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Figure 2-229. Seepage flow rate per linear foot, low waves at 80 percent
pool elevation
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7- to 9-in. wave test, reservoir level at 80 percent levee height. The water level in
the reservoir on the pool side of the levee was raised to a height of 29 in., the wave
generator was activated, and the waves began to impact the levee. As previously noted,
the 2- to 3-in. wave test was not conducted prior to the 7- to 9-in. test. Another deviation
was that the first wave test at the 80 percent height was aborted due to inaccurate water
level input for the wave generator. Actual initial wave heights were approximately 10 in.
(shown in Figure 2-230), and the test was stopped prior to conducting the 7- to 9-in. wave
test.

Figure 2-230. Aborted wave test showing wave overtopping along left wall

The 7- to 9-in. test were conducted within a few minutes after the wave basin was
stilled from the aborted test. Wave run-up and overtopping contributed to raising the
seepage pit flow rate from the rate of 0.175 to 10.72 gpm/lft (Figure 2-231). No
displacement was noted. Figure 2-232 shows typical wave overtopping.
10- to 13-in. wave test, reservoir level at 80 percent levee height. The water level
in the reservoir on the pool side of the levee was held at a height of 29 in., the wave
generator was activated, and the waves began to impact the levee. Flow rate increased
from 0.175 to 20.43 gprn/lft (Figure 2-233) due to wave overtopping. Figures 2-234 and
2-235 show the test in progress. No displacement was observed.
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Figure 2-231.

Seepage flow rate per linear foot with medium waves at
80 percent pool elevation

Figure 2-232. 7- to 9-in. wave test showing wave overtopping
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Figure 2-233. Seepage flow rate per linear foot with high waves at
80 percent pool elevation

Figure 2-234. 10- to 13-in. wave test showing wave overtopping along center
wall (partial view of impact test apparatus)
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Figure 2-235. 10- to 13-in. wave test showing wave overtopping along center wall
Levee overtopping test
The water level was slowly raised to 40 in. (approximately 1 in. higher than the
highest edge of the tarp) and held for 1 hr while overtopping occurred. Total flow rate
due to overtopping ranged from 78.8 to 80.3 gpm/lft (5,400 to 5,500 gpm/lft) as shown in
Figure 2-236. The large flow can be contributed to the sagging membrane between
frames, which makes low points all along the levee. There was no barrier failures were
observed during the test. No displacement was noted. Figures 2-237 and 2-238 show
overtopping.
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Figure 2-236. Seepage flow rate per linear foot during overtopping
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Figure 2-237. View of overtopped left wall
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Figure 2-238. Center wall overtopping

Debris impact test
The water level was slowly dropped to the 66 percent height (2 ft) while preparations
were made for the log impact test. The small-diameter log (12-in.) struck the tarp
(Figure 2-239 and created a one-eighth-in. diam hole (Figure 2-240), resulting in
insignificant additional leakage until the larger log impacted the structure as described in
the following paragraphs.
The larger diameter log (16-in.) struck the tarp about 3 ft to the left of the trajectory
path, and created an 8-in.-Iong vertical slit (gash) in the tarp at the waterline (Figure 2241) at a steel frame member. The gash increased the flow rate, but no structural failure
or displacements due to impact were observed. Due to the ripstop ability of the vinyl
tarp, the slit size did not increase (Figure 2-242), and the inflow seepage remained
constant at around 3.5 gpm/lft (Figure 2-243). The seepage due to the tear remained
constant until the pool elevation was lowered at the test conclusion, also shown in
Figure 2-243.
Maintenance and repair
Repair 1 occurred after the 33 percent hydrostatic test. The remainder of air pockets
beneath the apron were flattened out by walking down and/or placing a sandbag on the
air pocket. One supervisor took 30 min for this repair (0.5 man-hours).
Repair 2 occurred prior to overtopping. A three-man crew took 30 min (1.5 manhours) to install additional tarp ties at the abutment walls, and a plugging compound (a
1-gal can of UGL Drylock Fast Plug®) was placed along each abutment wall at the tarp
edge.
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Figure 2-239. Log impact

Figure 2-240. Puncture from small log impact
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Figure 2-241. Water inflow after large log impact

Figure 2-242. View of gash caused by large log. Note frame member behind slit
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Figure 2-243. Seepage flow rate versus pool elevation (showing after
impact leakage)
Repair of the impact damage was not pursued or performed, so Repair 3 was not
needed. The Portadam® representative was not onsite during the log impact test, the
damage appeared to have no probability of contributing to progressive failure or
increased leakage, and a field repair would have served no useful purpose since the
testing program had concluded.

Disassembly and reusability
Disassembly essentially was repeating the construction sequence in reverse. A
Portadam® representative was not available to disassemble the structure until
approximately a month after the testing was completed.
A four-man crew took 1 hr-6 min (4.4 man-hours) to disassemble and remove the
structure. Equipment needed was a wrench to loosen bolts and a forklift to carry off the
sandbag pallets, tarp pallet, and frame sections.
The disassembly sequence is shown in Figures 2-244 through 2-251. The apron and
abutment sandbags were removed, and no damaged units were observed since they were
not directly exposed to dynamic loading. The two vinyl tarp sections were disconnected
and each section was untied from the frame and rolled up. Dirt residue from the reservoir
water was observed covering the tarp surfaces exposed to water.
After the tarp sections were rolled up and removed, the sandbags between the frames
were removed. No damaged sandbags were observed. The frame was then disassembled
in the reverse order of assembly. The frames were bundled up for reuse.
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Figure 2-244. Removing and restacking periphery sandbags

Figure 2-245. Unhooking and separating two vinyl tarp sections
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Figure 2-246. Removing vinyl tarp ties from frame

Figure 2-247. Removing vinyl tarp section for restacking on pallet
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Figure 2-248. Removing and restacking frame sandbags

Figure 2-249. Disassembling frame brackets with socket wrench
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Figure 2-250. Removing top bars for frame removal

Figure 2-251.

Restacking frames and collecting bracket hardware for site removal
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All components of the PortaDam® structure were observed to be reusable as stated in
the company literature, except for the abutment wall minor treatments (expandable foam
and sealing compound) and the apron edging duct tape. Due to the log impact damage to
the vinyl tarp section, the damaged section will require patching per the manufacturer's
suggested method prior to reuse. The PortaDam® system is designed for and is routinely
utilized for commercial rental activities, according to their literature.

Environmental aspects
All materials used were nonhazardous and nontoxic. Technical information provided
by Portadam® indicated no exposure hazards due to everyday usage of the construction
materials. The sandbag fill also presented no exposure hazard.
The polyester cover used for the barrier should be removed from the site and
disposed of in the appropriate manner. The material should not be left onsite after the
project is completed. If left on the ground, the material would prevent vegetation from
growing and could contribute to erosion of the bare soil. The steel structure should be
removed and either packaged for reuse or discarded in the appropriate manner if it is
deemed to not be used again.
Since there are no fill materials (other than the minor quantity of anchoring
sandbags), there should not be any significant contamination concerns due to watersoluble or suspended contaminants present in the floodwater. The presence of floating oil
may pose a problem for decontaminating and/or disposal of the vinyl tarp.
If heavy equipment is used for the construction of the barrier, care should be taken to
reduce the impact to the area. Upon completion of the project, the ground surface should
be restored to the original conditions. This would help to prevent erosion of the soil in
the area'and allow vegetation to grow back on the area.

Summary and Conclusions from Laboratory Tests
Caution about product selection
Test results are presented here to provide a basis for evaluating and selecting the
product that best meets given requirements. Comparative graphs of construction times,
removal times, and seepage values for the various structures are shown. Tables with
effects of impact damage, product reusability percentages, and environmental concerns
are presented. One concern that the reader should focus on is the removal time. The
Corps often works with the Federal Emergency Management Agency (FEMA), state,
and/or local governments in an emergency. Flood-fighters are willing to help as the
flooding is active. Volunteers and funding are normally available to construct any of the
flood-fighting products tested. These volunteers and funds are not always available for
removal of the materials. If the products are valuable, removing the product becomes
more important.

Summary of laboratory tests
Full-size levees (flood-fighting barriers) with approximate dimensions of 62-ft length
by 3-ft height were constructed, tested, and evaluated in a laboratory wave basin.
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Identical tests were conducted for each levee. Water was impounded at 33 percent,
66 percent, 80 percent, and 95 percent of levee heights to test the effects of controlled
hydrostatic and hydrodynamic loadings that simulated actual flood conditions. Log
impact tests were conducted at a water elevation of 66 percent levee height to model the
impact of waterborne debris against the levee during a flood. During all flood simulation
tests, each levee's performance was monitored for seepage, lateral deflection, material
loss, and material failure.
Four levees were constructed, tested, and removed in this order: USACE sandbags,
fabric-enclosed sand baskets (Hesco Bastion Concertainerg), plastic-grid-enclosed sand
elements (RDFW®), and membrane-covered frames (Portadam®). Construction details
including labor and equipment requirements were noted. After testing was completed,
each levee system was disassembled and removed from the laboratory. Figure 2-252
compares man-hours required for construction and removal of each barrier type.

2501j
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RDFW
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INConstruction MRemoval
Figure 2-252. Labor man-hours for each levee system

Each 3-ft-high levee system successfully withheld quiescent floodwaters up to a
water elevation of 3 ft. As the hydrostatic water levels increased from zero to 95 percent
of levee height, the seepage flow rates through the levees ranged from approximately 0.1
up to 1.8 gpm/lft. No appreciable dimensional changes in the levee were observed at any
time during the hydrostatic tests, which indicated that each structure's stability safety
factors against sliding and overturning were adequate. Figure 2-253 shows seepage flow
rate comparisons for each levee system during the hydrostatic tests.
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Figure 2-253. Seepage flow rate comparisons for hydrostatic tests
Each levee also successfully withheld floodwaters with wave heights up to 13 in.
while sustaining water levels up to 80 percent of levee height. No appreciable dimension
changes were noted during the hydrodynamic test. Seepage flow rates significantly
increased due to the additional incoming water splashing over the levee top. Figure 2254 shows seepage-flow rate comparisons during hydrodynamic testing at 66 percent
water height for the small waves (2-3 in.), medium waves (7-9 in.), and high waves (11 13 in.). Figure 2-255 shows comparisons at the 80 percent water height. Figures 2-253
and 2-254 show that shape seems to play a part in overtopping. The structures with
square cross sections (Figures 2-254 and 2-255) tend to have less overtopping than the
structure with sloped sides. The waves tend to run up the slope and over the top of the
structures. RDFW (square cross-sectional levee product) has a low bench at its front
edge, which caused greater overtopping during the dynamic wave test than did the other
square cross-sectional product.
Each levee system was repaired during testing as allowed in the testing protocol. Up
to three separate repairs were allowed during the testing program, and the labor manhours and equipment requirements were noted. Figure 2-256 shows the labor man-hour
comparisons for each levee system, with the number of repairs accomplished.
Table 2-1 summarizes the damage sustained by different products. Table 2-2
summarizes the reusability of the products as a percentage after being installed, tested,
and disassembled. Table 2-3 summarizes the hazards caused by the material itself, and
what can make the levee products become hazardous after being in contact with
contaminated floodwaters.
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Table 2-1
Summary of Log Impact Damage
Sandbags

No damage

Hesco®

No damage

RDFW®

No damage

Portadam®S

Vinyl tarp puncture

Table 2-2
Summary of Estimated Product Reusability Immediately After
Disassembly
Sandbags

0% reusable

Hesco@

99% reusable

RDFW®

90% reusable

Portadlam®

99% reusable

Table 2-3
Summary of Environmental Concerns
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Product

Material Hazard

Contaminated Floodwater Hazard

Sandbags

None

Contaminated sand and product exposed surface

Hesco®

None

Contaminated sand and product exposed surface

RDFW®

None

Contaminated sand and product exposed surface

Portadam®

None

Contaminated product exposed surface
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3 Site Selection,
Characterization, Instrumentation,
and Field Testing
Selection Criteria for Field Test Site
A dependable source of floodwater was the principal site requirement for testing the
four flood-fighting barriers in the field. The project could succeed only if the barriers
were installed where they would be subjected to natural high water during the spring or
early summer of 2004. Many other field-site criteria were considered. These include but
were not limited to the following:
a.

An area under the control or ownership of the Corps was preferred, so that no
right of way or easement was needed, the work area was fenced and secure, and
access was guaranteed at the critical time prior to, during, and following a
predicted high-water event.

b.

A large work crew and heavy construction machinery had to be available nearby.

c.

Access via paved road was preferred to provide vehicle access for field
installation teams and equipment.

d.

Rather than being on top of a levee or on a paved road or parking area, the
location for installing the barriers should be on a natural surface, such as turf or
mud, simulating the wet conditions of many flood fights.

e.

Adequate space for the four barriers and the requisite working space between
them were essential.

f

Surface and shallow-subsurface conditions had to be demonstrably similar at the
spaces provided for all four barriers.

g. The site had to be clear of surface or subsurface trash that would create
discontinuities to confound geophysical site characterization, as well as
potentially hinder barrier installation and create seepage pathways.
h.

Because of the need to subject the barriers to a natural flood, the field site had to
be located where accurate river-level predictions were available, and where a
high-water event was expected during the spring or early summer.

i.

The preferred barrier geometry was a U-shaped structure with the wing walls tied
into a sloping bank, for which a sloping field site was essential.
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To meet the project requirements in the brief time allowed and avoid travel costs for
the Project Delivery Team (PDT), a site was chosen just north of Vicksburg, MS, that
met all of these requirements. The selected field-test site is located on the southern bank
of the turning basin of the Vicksburg Harbor, on the water side of the enclosing dike.
Figure 3-1 shows the study area, with the main channel of the Mississippi River in the
lower left. The turning basin is directly connected to the River via the Yazoo Diversion
Canal, and experiences backwater from the high-water events of the Mississippi River.

Required Activities and Limitations for Field
Demonstrations
The principal activities required for demonstrations of the three commercial floodfighting technologies and sandbags were to construct a 3-ft flood barrier, and then raise
the barrier by 1 ft after the structure was fully installed. The principal limitation was to
work within the 25-ft right of way defined for each structure-assembly site. Details of the
requirements and limitations are given in Appendix A.
Although the river level was falling at the time the barriers were installed at this site,
a high-water event was expected for early June that would inundate all four barriers as
planned. The following sections describe characterization of the site using penetrometer
and geophysical methods, the field-instrumentation array, and installation and
performance of the four types of flood barriers.

Characterization of Field Demonstration Site
Test site location
The selected test site is located on the southern bank of the turning basin in
Vicksburg Harbor, between the levee and the basin (Figure 3-1). The turning basin is
situated to the northeast of the Yazoo Diversion Canal in Warren County, MS, at
Mississippi River Mile 437 on the left descending bank of an abandoned channel of the
Yazoo River.
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Figure 3-1. Location of field test site at Vicksburg Harbor

The Vicksburg Harbor turning basin was constructed by conventional hydraulic
dredging in abandoned channel sediments (Figure 3-2). The sediments were dredged
from the abandoned channel and pumped to the north side of the basin to drain and settle,
forming the higher ground on the north side of the turning basin (George Sills 2004)1.
The maximum length of the turning basin is one mile, the maximum width is 300 ft, and
the mean depth of the channel is 12 ft (http://www.mdot.state.ms.us/ports/
VickHome.htm).
Geologic setting
The Vicksburg Harbor is located in the southern portion of the lower Mississippi
Alluvial Valley. The geologic materials in the area consist of Mississippi River Valley
alluvium of Quaternary Age. The alluvium was deposited unconformably on an eroded
Tertiary surface within the meander belt of the Mississippi River (U. S. Army Engineer
District, Vicksburg, 1990). The alluvium consists of mainly sand, silt, clay, and gravel
that has been reworked into abandoned course, abandoned channel, point bar, and back
swamp deposits. The finer grained alluvium (abandoned channel and back swamp
deposits) often serves as an aquitard to groundwater movement.
The surficial sediments or topstratum in the area are a mixture of point bar and
abandoned channel deposits. Point bar deposits develop during high stream stages in
zones of low turbulence and velocity along the convex side of a migrating streambed
(Hickin 1974). Abandoned channel deposits develop as short channel segments become
disconnected from the main stream by a neck or chute cutoff. Fine-grained, clayey
sediments settle in the abandoned channel and eventually form a "clay plug."

I Sills,

George. (2004). Personal communication in the Geotechnical and Structures Laboratory.
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Figure 3-2.

Abandoned channel area in 1955, previous to turning basin construction

The topstratum, with an average thickness of 25 ft, consists of brown to gray silty
sand (SM), silt (ML), silty clay (CL), clay (CH), and fine sands (SP). The substratum,
with an average thickness of 80 ft, is mainly composed of sand (SP) with a few deeper
gravelly deposits near the lower contact. Due to the variation in thickness of the
topstratum, the substratum may be as close to the surface as 5 ft in certain locations (U. S.
Army Engineer District, Vicksburg, 1992).
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Methods and results
The objective of the study was to identify a site where the subsurface differences are
minimal and unlikely to cause variation in product installation and performance while
still representing the natural conditions in which these products will be used. A series of
tests was conducted on the field site to define surface and subsurface materials,
engineering characteristics and to establish the relative homogeneity through the area
where the innovative flood-fighting products would be tested. The techniques selected
represent the current best practice in site characterization. Techniques used to select the
site included the following:
a. Visual inspection.
b.

Dynamic (dual mass) Cone Penetrometer (DCP).

c.

Cone Penetrometer Test (CPT).

d. Geophysical survey.
Visual inspection. A visual inspection of the surface conditions in the turning basin
was performed to determine the most suitable locations for field testing. Considerations
included accessibility to the site as well as size, elevations, slope characteristics, and
homogeneity. The study area was divided into nine sections. Each section was measured
and surface elevations were approximated from the Mississippi River at Vicksburg gage
readings (Figure 3-3). Of the nine sections inspected, eight were adjacent to one another
and located on the southern side of the turning basin and were relatively similar, with
gentle slopes from the toe of the levee towards the water. Only one section (Jadwin)
located at the north side of the turning basin, presented a noticeably different and steeper
slope.
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Dynamic Cone Penetrometer (DCP). DCP is commonly used to evaluate in situ
strength of pavement base, subbase, and subgrade materials. DCP testing is used here to
identify the thickness of the surface soil layer and to estimate stiffness of the upper 2 to
3 ft. The DCP consists of a 10.1-lb hammer that drops 22.6 in. and hits an anvil, sending
a cone-tipped five-eights in.diam rod into the soil. A ruler is used to measure the distance
the rod sinks into the soil in millimeters. DCP measurements are recorded as a Dynamic
Penetration Index (DPI):
DPI = depth / # of blows for cone-tipped rod to reach that depth
Correlations between DPI and a soil strength value known as the California Bearing
Ratio (CBR) have been developed. CBR is the soil-strength value used for designing and
evaluating subsurface materials for military roads and airfields (Webster et al. 1992).
Soil bearing capacity is the maximum value of the load or stresses that can be imposed on
the ground before the soil fails or yields. Differences in soil load bearing capacities may
be due to variations in composition of the natural material, differences in density, or
moisture content (Scott and Schoustra 1968). These characteristics may provide smallscale variations in confinement and lateral support.
Five DCP measurements were taken from the eight visually inspected and selected
sections on each of the four anticipated footprints. The measurements were interpreted
according to the database developed by ERDC technicians from numerous sites and
different soil types (Webster et al. 1992). Results placed the near-surface material in the
range of clays (CH) and silty clays (CL).
A general tendency in the study area is a slight increase in material strength with
depth and proximity to the toe of the levee. However, the surface layers closest to the
levee and to the east side show a decrease in strength with depth. Also, from the middle
to the west side of the testing site, the DCP data indicate a stronger layer within the center
of the footprints at a depth between .15 to 25 in. below the surface. The bearing capacity
range of the area goes from 800 to 1,400 lb/ft2 in the surface layers closest to the levee
and to the east side, decreasing to lower values with depth. From the middle to the west
side of the testing area, the soil bearing capacity increases with depth up to 4,400 lb/fe
between 15 to 30 in. below the surface. Based on GSL experience, this should suffice for
the loads expected. The bearing capacity values seem to be within the range needed for
the installation of the different products to be tested. The areas with higher CBR and
bearing capacities would indicate more compacted or coarser material layers.
Cone Penetrometer Test (CPT). The Cone Penetrometer Test (CPT) is a
subsurface soil exploration method that involves pushing a conical-shaped probe into a
soil deposit (clays, sands, or soil mixtures with little or no gravel) and recording the
resistance of the soil to penetration. CPT measures mechanical properties (e.g., sleeve
friction, penetration stress, and pore fluid pressure) that are used to infer soil types by
means of mathematical interpretation. Sampling is done as the device is hydraulically
pushed into the ground, resulting in a well-log-type profile of the subsurface lithologies.
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The CPT has three main applications which include:
a.

To determine subsurface stratigraphy and identify materials present.

b. To estimate geotechnical parameters.
c.

To provide results for direct geotechnical design.

The CPT is used here to identify the site stratigraphy and corroborate its relative
homogeneity within the testing area. One CPT was done in the center of each of the
selected footprints down to a depth of approximately 20 ft. The resulting stratigraphy
shows an upward fining sequence that could be expected in natural fluvial deposits where
finer sediments are deposited over coarser sediments in discontinuous layers. The upper
2 to 6 ft are identified as clays to silty clays (CL), which coincides with the DCP data.
These fine sediments are thinner (2 ft) around the center of the testing site, thickening to
the east (3 ft) and west (6 ft). Several thin layers with higher strength are identified close
to the surface in CPT-4 (last to the west) that could account for the higher strength values
obtained with the DCP tests. Alternating layers of sandy silt to silty sand of varied
thickness lay beneath the upper fine deposits. Also, a stiff layer below 16 to 18 ft is
present and consistent through all the CPT measurements.
Geophysical survey. A relationship between geophysical data and soil types
determined by cone penetrometer tests (CPT) has been established previously (Olsen
1994; Endres and Clement 1998). The CPT profiles provide information about
subsurface composition and interfaces that can be useful when combined with nearsurface geophysics in site characterization (Wyatt et al. 1996; Clement et al. 1997a,b). A
geophysical survey was used to define the continuity of geologic composition between
CPT locations.
The instrument selected for this investigation was the Geonics EM-31 single
frequency electromagnetic (EM) meter. This investigation assessed geological variations
and any subsurface fe~itures associated with changes in the ground conductivity. The
ERDC-GSL geophysical survey was conducted in April 2004.
The Geonics EM-31 single frequency EM meter does not require
electrical contact
with the ground and thus provides rapid measurement of terrain conductivity. The
instrument is designed for geophysical applications down to depths of 6 m. A transmitter
coil located at the end of the instrument induces eddy current loops into the ground. The
eddy currents in turn generate a secondary magnetic field proportional to the magnitude
of the eddy current flowing within that loop. The resulting voltage obtained from the
magnetic field is linearly related to terrain conductivity. The EM-31 can be operated in
both a horizontal and vertical dipole orientation with different effective depths of
exploration, and in continuous or a discrete mode.
A perimeter that surrounded the testing site was marked. The survey grid of 180 m x
42 m was flagged for the EM-31 survey. A total of 21 EM-31 conductivity profile lines
were surveyed. The EM-31 survey was run in a northeast-southwest direction at 2-m
spacings between the lines with fiducial markers approximately every 50 m for fixed
points of reference along the lines. Readings were stored in a hand-held field computer.
The turning basin that flooded the site is on the northern side of Figure 3-4 and the toe of
the levee is on the southern side. Figure 3-4 shows the location of DCP tests and CPT
that were conducted at this site.
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Figure 3-4. EM-31 data with DCP and CPT locations
The EM-3 1 data showed an area of low conductivity responses in the mid-west
section of the grid between CPT locations C3-2 and C4-2 (Figure 3-4). The area with
low conductivity values is located approximately 12 m from the toe of the levee on the
southwestern boundary area of the survey grid. The low conductivity value area is
located between approximately (697290, 3584745) and (697250, 3584730). Another area
of values shows low conductivity values between approximately (697350, 3584755) and
(697330, 3584750). The areas with the higher conductivity values on the riverside of the
survey grid correspond with an area where braided steel cabling was visible on the
water's edge near C4-3, C3-3, and C 1-3. The areas with the higher conductivity values
on the toe side of the survey grid could possibly be buried water pipes or telephone lines.
Locations labeled (FD1.04-FD4.04) are DCP tests. Location FD2.04 C has low
conductivity values possibly associated with sandy silt to clayey silt soil types.
Location FD1.04 C has low conductivity values possibly associated with clayey silt to
sandy silt soil types. Location FD3.04 C has layers consistent with clay material down to
6 ft but possibly silty clay to clayey silt thereafter.

Conclusions
Eight of the nine geologic sections had similar lithologies. Further, they had a
common gentle slope from the toe of the levee toward the water. The general tendency is
a gradual increase in surface soil strength with increased depth and proximity to the toe
of the levee. A high strength layer within the center of the footprints occurred at a depth
between 15 to 30 in. below the surface. This layer decreases in strength with depth and is
not consistent or at the same depth on the eastern part of the site. Bearing capacity values
should suffice for the loads expected and are within the range needed for uniform
installation and testing of the different products.
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Correspondence between DCP and CPT results. The stratigraphy displays a
fining-upward sequence with clays and silty clays present in the upper 2 to 6 ft of soil.
Several thin layers of higher strength are identified close to the surface in CPT-4 (last to
the west) and could account for the higher strength values obtained with the DCP tests in
this area. Additionally, there seems to be a stiff layer below 16 to18 ft that is consistent
through all sites.
Geophysical survey and CPT results. Results of the survey revealed an area of low
conductivity values between approximate grid station (697290, 3584745) and (697250,
3584730) on the southwestern boundary area of the survey grid. There was also an area
indicated between (697350, 584755) and (697330, 3584750) with low conductivity
values. The low conductivity could possibly be due to higher water content or higher
clay content. Further CPT testing could be conducted at specific locations to clarify
subsurface conditions at areas that have higher conductivity values.
The areas with the higher conductivity values on the riverside of the survey grid are
where braided cabling was visible on the water's edge near C4-3, C3-3, and C1-3. The
areas with the higher conductivity values on the toe side of the survey grid could possibly
be water pipes or telephone lines. Location FD2.04 C has low conductivity values
associated with sandy silt to clayey silt soil types. Location FD1.04 C has low
conductivity values associated with clayey silt to sandy silt soil types.
Location FD3.04 C has layers consistent with clay material down to 6 ft but then has silty
clay to clayey silt thereafter.
In Figure 3-5, each of the flood control structures can be seen in place over
homogeneous material as evidenced by the geophysical data. The turning basin area is a
suitable location to test the different flood-fighting technologies in a natural yet
homogeneous condition due to its location, the source of its geological material, and the
processes used to construct the dike.

Field Test Instrumentation
Introduction
Instrumentation was designed to address three major aspects of the field testing. A
camera system recorded a complete time-history of all construction, testing, and removal
of the flood-fighting structures. The second need was to measure and monitor water
levels in the sumps and against the structures. The third major instrumentation array was
designed to monitor dimensions of the structures. This section describes the design and
use of these three instrumentation arrays in the field.
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Figure 3-5. Flood control structures in place over geophysical data

Video monitoring
The large size of the project required designing a monitoring system that could
capture visual views from different angles. Typical video surveillance cameras use a
scan-line technology in an analog mode. The images are rather coarse and fine resolution
changes are difficult to distinguish. It was decided to install a video monitoring system
that could capture digital images at a much finer resolution at short time lapses.
StarDot® cameras with 1.2 megapixel resolution were chosen for this application.
Figure 3-6 shows the digitally addressable (remote controllable) camera with motorized
zoom lens. This camera is network-capable and has complete function control through a
Web interface graphical user interface (GUI). The focus, image size, brightness, motion
detection, image labeling, and frame rate are controlled through this GUI. A
commercially available Digital Video Recording (DVR) software package was also used.
StarDot® DVR software with StarDot® networked cameras allowed video
monitoring and recording with a desktop personal computer (PC). Each camera was
remotely controlled from an onsite instrumentation trailer. Individual images were
recorded to the hard drive in Joint Photographic Experts Group (JPEG) format in a video
database. The files were then exported to an Audio Video Interleave (AVI) file format
from the hard drive for any chosen period of time that data were collected. The user has
a choice of the screen layout and position of each camera. Figure 3-7 is an example
screen for a seven-camera layout. The camera location on the screen along with view
name and image tagging is completely controllable by the user. Each view during the
tests was labeled with the site name, time, and date for the image. This provided a
complete time-history of all construction and testing activity at the site.
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Figure 3-6. StarDot® 1.2 megapixel net camera

Figure 3-7. Example DVR software screen
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Functions of the DVR software include the following:
a.

Instant search and playback of JPEG images in a video format.

b. Old recordings are automatically deleted if hard disk becomes full.
c.

Using motion-detect mode, months of video can be stored on a typical hard disk.

d.

Export to AVI video for CD-ROM archiving.

e.

Playback video forward or backward up to 1,000 x normal speed.

For the field tests, a total of eight cameras (two per camera mount) monitored the
four sites during testing. Figure 3-8 shows the camera layout during the construction
phase and the beginning of the testing phase for the project. Figure 3-9 shows the layout
for the testing phase after the sandbag structure testing was completed, and Figure 3-10
shows two views of one of the four camera mounts.

0

Figure 3-8. Camera layout for construction phase and beginning of test phase
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Figure 3-9. Camera layout after sandbag structure was inundated

a. Side view

b. Rear view

Figure 3-10. Typical dual camera mount
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Water level monitoring
Water level gages and sensors. Concrete sump pits were installed on the protected
side of each structure for capturing and measuring all of the seepage water. In each
sump, staff gages were placed to monitor the water level change in the sump visually.
The pump operators timed the level change and called the data back to the dataacquisition trailer to be recorded in the test log. The electronic level sensors provided a
secondary backup to the timed method for calculating the seepage rate. When the
seepage rate dramatically increased, the sumps would fill in 20 to 30 sec. Figure 3-11
shows one of the four concrete sumps with the capacitance water level sensor and the
fixed-mount staff gage.

Figure 3-11.

Concrete sump with fixed-mount staff gage and
capacitance water level sensor

In addition to measuring water level change in each sump pit for seepage rate
calculations, the water level change on the outside of each structure was also measured.
Figure 3-12 shows two staff gages that measured water level changes throughout the test.
The electronic water level sensor was the OSSI-010-002D Wave Staff unit
combining a rugged, sealed, waterproof package with a low-power microprocessor and a
temperature-stable circuit. The Wave Staff operates from 5.5V to 40VDC and has
analog, RS232 serial data and two alarm outputs. The serial data output string contains
the water level and temperatures in ASCII or binary format. The Wave Staff can be
programmed to sample continuously or at discrete intervals via a PC serial port using the
interfaced software. Figure 3-13 shows the sensor and wiring configuration for the Wave
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Staff unit. Two different-length staffs were used to measure water levels during this
project. A 2-m staff was used on the outside of each structure while a 1-m staff was used
in each concrete sump.

Figure 3-12.

Staff gages positioned outside structure for visually monitoring
water level changes

Wireless data acquisition transport (WDAT) logging system. The WDAT system
consisted of the Data Acquisition Unit (DAU) and the data collection server. The DAU
collected the water level sensor data while the server processed and stored the data.
Figure 3-14 shows the DAU packaged inside its transport case.
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Figure 3-13. Wave staff water level wiring configuration and dimensions

Figure 3-14. Data acquisition unit packaged inside case
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The DAU includes the following components:
a. Microcontroller: The microcontroller (MC) is based on an industry standard 386
EX processor running at 25 MHz. The unit has 512 KB RAM and 512 KB Flash
storage, and is equipped with 64 MB of flash disk for stand-alone data-logging
applications.
b.

Operatingsystem: The operating system used on the microcontroller is a
proprietary operating system similar to a MS DOS 3.1 version.

c.

Analog-to-Digital(A/D) card: This A/D converter card is an 8-channel 12-bit
A/D converter board based on the Maxim MAXI 97 chip. The board features
software-selectable input ranges of +/-1OV, +1-5, 0 V to 10 V, and 0 V to 5 V.
Conversion time is 6 microseconds. The basic A/D converter board has +/-16.5
V input protection and unbalanced inputs.

d. Acquisition performance: The DAU can operate at a sustained rate of 60 samples
per second (60 Hz) over all eight channels.
e.

Wireless device: The wireless device is based on frequency-hopping spread
spectrum (FHSS) technology and designed to IEEE 802.11 wireless LAN
standards. It transmits data at up to 2 mbps at a range of up to 2,000 ft/606 m.
Its wide temperature range and robust mechanical design deliver reliable
performance in the most demanding environments. The performance
specifications of the device are as follows:

f

Frequency range: The transmission frequency range is from 2.4 to 2.5 GHz. It is
programmable for different country regulations.

g. Data rate: The data rate is 2 mbps per channel.
h.

Outputpower: The transmission output signal power is 500 mW.

i.

Power management:

j.

Receive: 500 mW

k.

Transmit: 500 mW = 500 to 675 mA, 100 mW = 450 to 600 mA both @ 5 V.

1.

Transmissionrange: The transmission range is up to 2,000 ft/606 m in open
environments and up to 180-250 ft/54.5-75.5 m in typical office or laboratory
space.

=

375 mA, 100 mW = 375 mA both @ 5 V.

m. Operatingtemperature: The operating temperature range for the microprocessor
is from -5 to 140 deg F or -20 to 60 deg C.
n. Antenna: The DAU uses a common "rubber duck" dipole whip antenna.
o. Enclosure: The unit is contained in a plastic enclosure of a rugged waterproof
design, intended for field service.
p.

Power options: The unit operates with both AC power, in the form of a supplied
small-wall transformer, and battery power. The unit is designed to utilize an
external battery and as an option can be configured to use an internal battery as
well. A larger enclosure was constructed to encompass a large battery source
with solar recharge capacity. Figure 3-15 shows the solar-paneled enclosure's
exterior and interior.
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a. Enclosure

b. Battery power supply

Figure 3-15. DAU enclosure enlarged to include battery power supply

The data collection server operates with the current Red Hat Linux operating system.
Software used for this application is written in C to run on a Linux-based system. The
software will allow remote configuration of the data acquisition units. The parameters
configured include sample rate and input-voltage range on each channel. In data
acquisition mode, the server collects field data into ASCII files. A file is created for each
channel of each data acquisition unit. A new file is created whenever a new session is
started or when a pre-defined maximum size is reached. Figure 3-16 shows a WDAT
platform typical for each of the four test sites. Elevated stands were constructed to keep
the sensitive electronics dry and above traffic at each site. Individual cables were run
from each water level sensor to its DAU. The data were transmitted back to the server
for processing and storage.

Figure 3-16. DAU mounted on an elevated stand
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