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1.0 Executive summary

The PEM system is designed to reduce beach erosion on a stand alone basis or in combination with beach
nourishment, and has been used world-wide for over a decade. This report describes the 18 months results
of the first PEM installation in the USA, in the Town of Hillsboro Beach, Florida on a critically eroding
beach on the Atlantic coast.

Thetest areais two mileslong of which one mile in February 2008 had 90 PEMs installed vertically in
the beach in 33 lines perpendicular to the shoreline. The beach had lost alot of sand prior to the
installation, and over half of the PEMs had to be reduced in size as the layer of sand was very thin.

Two minor truck hauls have taken place in and around the project area, and the effect of these have been
filtered out in all the volume calculations below.

Above 5ft NAVD the volume changes from March 2008 | e -0 monte Vol change above S IRAVD
to August 2009 are +5.96 cubic yards per shore foot (cy/ft), ; ]
+0.91 cy/ft, +2.04 cyl/ft in the PEM, North Control, and 5
South Control area, respectively. See Fig. 1. ;
2
The volume changes from March 2008 to August 2009 1 [ ]
above Depth of Closure (DOC 15.67ft NAVD) are +1.2 ° G comrol | PEM S contrl
cy/ft, 3.32cy/ft, and 3.24 cy/ft inthe PEM, No rth ' '
Control, and South Control area, respectively. See Fig. 2. Fig. 1: Volume change above -5ft NAVD compensated
This equals a difference in volume of 24,300 cubic yards. for nourishment. Source: SDI/EcoShore

The Town has hired the Coastal Engineering Consultants (CEC) to perform independent calculations of
the results.

eyt 18 months Volume change above DOC

Above Depth of Closure CEC came to the following result: )
+1.48 cy/ft, 3.32 cy/ft, and 3.07 cy/ft inthe P EM, North 1
Control, and South Control area, respectively, which equals o
adifference of 25,400 cubic yards above Depth of Closure. 1N PEM
-2
No negative effects were noted downdrift, where the beach 5
advanced 2.5ft in 18 months. .
The potential effect on turtles has been investigated by Fig. 2: Volume change above depth of closure
Curtis M. Burney, PhD, Nova Southeastern University, compensated for nourishment. Source: SDI/EcoShore

Oceanographic Center, Florida. No negative effects were
found on turtle nesting, nesting success or hatchlings emergence.

Similarly no effects on shorebirds were reported either, and no other adverse effects have been noted.
Qualitatively the beach looks in better shape than prior to the project, and the Beach Raker, who drives

the beach every day, claimsthat for the first time in several years, he is able to drive the entire coastline
from Port de Mer to south of the project area on the dry beach.
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The latest major nourishment took place in 1998. Report® shows a volume increase from pre- to post-
construction between R7 and R8 of 86,000 cubic yards (= starting point and 100%). As it is common with
traditional beach nourishment the sand gradually eroded. In 12 month the volume was reduce to 66,000
cy equal to 77% and the loss continued to 28,000 cy 50 month after the nourishment, equal to 33% of the

sand remaining. See blue line in Fig. 3
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Fig. 3: The graph show how much sand is left after nourishment. The blue graph
represents the 1998 nourishment where sand gradually disappeared. The purple
graph (round dots) shows the 2008 truck haul where PEMs are installed. The volume
of sand is not eroding but actually increasing over time.

260% of the origina volume between R7 and R8. See Fig 3.

The same area (R7-R8) was
nourished in 2008 during the
Port de Mer truck haul.

However this time PEMs had
been installed before new
sand was added. PEMs work
best when alot of sand is
available, and work well with
nourished sand.

After the truck haul the
volume increase between R7
and R8 was 7,200 cy (=
starting point and 100%).
Nine months after the truck
haul the volume between R7
and R8 had doubled, and
after 15 months the amount
of sand had increased to

Thisindicates that the PEMs work very well in Hillsboro provided they have enough sand to work with.

Financially the town has profited from PEM. At the price the neighboring town paid for trucked in sand
the town should have paid over $1.2 million for the approximately 25,000 cy sand that represents the
difference between the PEM and Control areas. The Town paid less that $250,000 and saved over $1

million in 18 months.

! Hillsboro Beach Deerfield Beach Nourishment Project 4™ Y ear Post-Construction Monitoring Report Oct 2002, Table 3.5
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2.0 Reports
Thisis the third report from EcoShore describing the PEM project at Hillsboro Beach.
Report # 1 and 2 described the results after 6 and 12 months of installation.

This report describes the result after 6 months, as the permit requires 6 months reports, however it focuses
on the results after 18 months.

3.0 Introduction

Hillsboro Beach islocated in northern Broward County along the barrier
island. It extends from dlightly north of Broward County R-7 south to
Hillsboro Inlet at R-24. Most of the coastal areais highly developed with
quality homes, motels, and hotels.

According to the FDEP the Town of Hillsboro Beach is a 3.2 mile long
critically eroded area.”

In 2005 the Town Commission investigated several types of innovative
technologies to reduce erosion at Hillsboro Beach at the same time as the
Town was preparing for atraditional renourishment project.

Fig. 4: South East Florida and

In 2006 a contract was signed with EcoShore Int |, Inc, BocaRaton, Fl.to .o - F e o

install a PEM system, the first in the USA. The system wasinstalled in
February 2008.

PEMs are independent permeable drain tubes installed vertically into the foreshore,
ranging from the dune foot to the shoreline, to build a beach or mitigate erosion. The
modules are intended to equalize water pressure and result in a subtle increase in inter-
granular friction near the shoreline. The waves infiltrate the beach easier during uprush,
leaving sediments on the beach. PEMs will retain sand from littoral drift provided enough
sand is available or they can be used in combination with beach nourishment where they
hold on to the sand, as have been demonstrated in Teluk Chempedak, Malaysiain a
pocket bay in front of the Hyatt Hotel (Paper presented at | CCE, Hamburg 2008).

The PEM project areain Hillsboro Beach is approximately 1 mile long and extends from
250 ft. north of R7 to 250 ft. south of R12. North and south of the PEM project area are
two approximately %o mile long control areas. The ertire project is approximately 2 miles
long and extends from R4 to R15.

Fig. 5: Test area

2 SBMP Broward Dade beaches, May 2008
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4.0 History of the Project Area

According to Coastal Systems International (CSl) (2005), the first recorded beach nourishment project
was carried out in 1957. In 1958 a groin field, which consisted of 40 groins spaced 100 ft. apart, was
constructed. The construction helped stabilize the shoreline north of R-6 but at the same time intensified
the downdrift erosion occurring along the north portion of Hillsboro Beach.

Due to the severe erosion, arock revetment was constructed spanning from R-7 to 250 ft. south of R-8. A
large beach nourishment project was conducted in 1970 when 360,000 cubic yardsof sand were placed on
the beach from approximately R-7 to R-12.

The latest nourishment project in the area was carried out in March 1998 when 550,000 cubic yards of
sand were placed along 6,120 ft. of shoreline spanning from R-6 to R-12.

The erosion rate since the sixties has been 2 to 12 ft. per year averaging 5 to 6 ft/yr.

5.0 Coastal Processes

Winddir distrib. Pompano Beach
CSl (2005) performed an analysis of meteorological and hydrological
factors that impact local sediment transport and morphology change.
The Hillsboro Beach shoreline is influenced by semi-diurnal tide with
average range of 2.52 ft. and spring tide range of 2.82 ft. in the vicinity
of Hillsboro Inlet. The tidal period is approximately 12.4 hours.

A statistical analysis of wind data shows that winds are predominantly
from the northeast, east, and southeast.

a1} S5E

A statistical analysis of waves indicates that the dominant wave 3

Copyright www . windfinder .com

directions are from the northeast and east, with 79% of occurrences, Fig. 6 Full year wind direction at
which resultsin a net %dlment_ trar_lsport toward the south. During Pompano Beach, a few miles south
summer, the dominant wave directions are from east and southeast of the Test area
resulting in a northerly sediment transport. During winter, larger north and

northeasterly waves dominate resulting in a north to south sediment transport.

6.0 Characteristics of the PEM technology

Pressure Equalising Modules (PEM) are hollow tubes made of HDPE. They are up to
approximately 6 ft in length and 2.5 in. in diameter, closed at the bottom and vented in the
top. The top quarter part is solid and the bottom three quarters is dotted to allow water into
the tube while sand is kept out. See Fig.7.

The PEMs are installed in rows perpendicular to the beach from the mean low water line to
the dune 1-2 ft below the sand. To be out of reach from turtles they were installed 3 ft
below the dry sand. The distance between the PEMs in each row is normally 10 m (30 ft).

_— =]
Fig. 7:PEM
module
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The rows are typically spaced 100 m however in Hillsboro Beach the narrow stretch of beach dictated a
closer spacing and the rows are 50 m apart. The beach has 33 rows and 90 PEMs installed.

7.0 Project activity
During the second year no new PEMs have been inserted.

A new set of temperature and humidity loggers have been installed as was done during year one.

Fig 8 below illustrates the PEM Project area, North and South Control areas, the areas used to determine
if the functional success criteria (FSC) has been fulfilled, as well as the June 08 truck haul at Port de Mer.
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Fig. 8 Thetestsareawith Project area, control areas, FSC areas (dark boxes) and June 08 truck haul
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8.0 Truck hauls
Two truck hauls (beach re-nourishments) have beaduwcted within the test area during the project.

1. R7 at Port de Mer in June 2008
2. From the Pier to R5 at Deerfield Beach in Harc
January 2009 Bottom

8.1 Port de Mer Truck Haul
A truck haul emergency fill was conducted in June
2008 at the North end of the town near Port de Mer.

The permitted Project consisted of approximately
14,000 cubic yards of beach quality fill mater@lkte
placed along 430 feet of shoreline extending fr@t 1
feet south of R-7 and 330 feet north of that same
monument. Overall approximate8y900 cubic yards
of material were placed within the fill templaterithg
the nine (9) days of construction. The constructias
completed on June 15, 2008.

Last time the area was nourished was in 1998. Tde a
between R7 and R8 experienced a volume increase of
86,127 cy compared to the pre nourishment volume.

86,127 cy is the “starting point” and equal to 100%  Fig. 9: Port de Mer Truck Hat
A year later 66,325 cy remained (77%) and after 2
years 45,520 cy remained (53%). Se Table 1.

No PEMs were installed in 1998, but in 2008 PEMsenrstalled between R7 and R8 in Feb 2008, and
sand placed on top of the PEMs in June 2008. {fwark as designed, more sand should stay in place
compared to 1998. After the truck haul the arewbeh R7 and R8 experienced a volume increase of
7,217 cy most of which was due to the truck habk 7,217 cy becomes the “starting point”. Table 1
shows that in stead of a falling volume it is atijuacreasing to 260% in 15 months, compared ® th
reduction to 77% and 53% in 12 and 23 months, s@dy, following the 1998 nourishment.

Table 1 — Sand retention after nourishment in 1998ersus truck haul in 2008

Hillsboro Beach. Sand remained after nourishment
* Note that they operate Above -6 ft NGVD* Above -5 ft NAVD*
with NGVD and NAVD No PEM installed PEM Installed
1/98-3/98| 1/98-2/99 1/98-1/0D 3/08-8/08  3/08-3/09/08-8/09
Time from nourishment ([ starting poinf\12 months| 23 months ([ starting point\9 months | 15 monthg
R7 - R8 861271 66325 45520 ) 721 15189 18816
Percentage retained 100% 77% 53% 100% 210% 260%

® Hillsboro Beach Deerfield Beach Nourishment ProjtYear Post-Construction Monitoring Report Oct 2a@ble 3.5
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