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Groundwater and erosion   

Passive dewatering/PEM  

International projects 

Hillsboro Beach, Florida 

Site evaluation - Pilot Study 

Pros and Cons 

 

Introduction 
First PEM installation 1997 

US patent in 2003 

More than 30 projects 

Europe, Asia, Africa 

USA Feb. 2008 

Presentation 
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Groundwater and Erosion 

Dry Beach = Accretion 

Wet Beach = Erosion 
Semi-permeable and impermeable layers in a beach result 

in poor drainage  wet beach  erosion 

Falling tide 

High  

Water Table 

Rising tide 

Low Water 

Table 



4 



  

HDPE 6 ft 

Diameter 2.5 inches 

1-3 ft 

PEM System 

* Every installation is tailor made  

  

Dune 

Beach 

Sea 

30 ft 

300 ft * 

MLW 

Plan view  

PEM is patented and 

designed to improve  

drainage of the beach 

Air 

NO PUMPS – NO POWER USED 
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PEM Function 
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Poor drainage    
A thin layer of impermeable clay is the most likely the culprit 

Holgate, NJ 
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For animation see www.ecoshore.com 



Projects  
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Hillsboro 

Beach 

Florida 

USA 

Teluk 

Chempedak 

Malaysia Denmark 

Netherlands 

Sweden 



Before PEM 

installation 

Without PEM 

18 months after 

PEM installation 

With PEM 

Groins are covered with sand 

Groins 

Summer 1997 Summer 1999 

Old Skagen North 1998-2001  
PEM as stand alone and placed near groins 
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Erosion on Danish West coast 2 x 2.5 million cubic yards/year 



Old Skagen North 1998-2001  
PEM as stand alone and placed near groins 

July 2002 

 8 months after removal of the PEMs 
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Lønstrup, Denmark  
PEM placed near breakwaters 

PEM installed April 1999 

Photo summer 1999 

 

With PEM 

PEM removed August 1999 

Photo summer 2002 

Without PEM 
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Ribersborg Beach, Sweden 
PEM and Beach Nourishment – constructed beach 
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Commercial installation 
on artificial beach  

Purpose: 

 Avoid having to fetch sand 

every spring 

Installed:   

 Oct 2001 

Status: 

 Stopped having to fetch sand. 

 Contract renewed 

Ribersborg Beach 

Low energy 

Tide 1-2 ft 



Ribersborg Beach, Sweden 
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Nourished sand Sand accreted by 
PEM 

Nov. 2001  
2 months after 
Installation of PEM 
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Egmond aan Zee, Netherlands 
6 km stand alone PEM project 

• Project by The Royal BAM Group (25,000 empl. $10Billion) 

• Four year Study from 2006 to 2010 and Master Thesis 
 

Main findings after 4 years 

• On historically eroding PEM beach: avg. beach elevation +2 ft  

• PEM and control beaches gained sand during the study  

• Sediment on PEM beach had fewer very fine particles and drained better 

• Increase in dune volume on PEM beach 

• Steeper beach slope on PEM beach which results in a more robust beach 

• Lowered water table on PEM beach 

• PEM beach lost less sand during storm and built up faster  

 

Source:  

Drainage tubes versus sediment, Effects of vertical drainage tubes on the sedimentology and beach processes at the intertidal beach 

zone, MSc Thesis, Ekkelenkamp, 2011.  

Trust the PEM Technology 

Royal BAM Offered the Danish State a 70 miles PEM  

installation leased over 5 years on the Danish west coast  



Teluk Chempedak, Malaysia  
PEM combined with Beach Nourishment 

Purpose: 

 Prolong the lifespan of beach 

nourishment (normal life 3-4 yrs) 

Installed:  

 PEM #1: First set July 2003 

 Nourishm. 230,000cy.: May-July 2004 

 PEM #2: Second set Aug 2004 

Status: 

 2007: Beach is stable 

 Expected lifetime: >10 years 
Teluk Chempedak 

Sea wall 

Tidal range: 7-10 ft 

Rain p.a.: 100 in. 

Rain in a week: up to 40 in. 

Photo 2006 
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Double layer of PEM  



Teluk Chempedak, Malaysia 
PEM combined with Beach Nourishment 

0        10 m        20 m        30 m        40 m        50 m        60 m        70 m

March 03 3.83 2.29 0.93 -0.28 -0.78 -0.91 -1.12 -1.23

March 04 3.50 2.11 0.72 -0.28 -0.87 -1.10 -1.22 -1.30

Design 04 4.03 3.39 2.67 1.90 1.31 0.89 0.57 0.26

March 05 3.99 3.60 3.43 3.02 1.92 0.68 -0.40 -0.81

March 06 4.02 3.71 3.53 3.13 1.82 0.44 -0.47 -0.82

March 07 4.36 3.96 3.81 3.16 1.74 0.50 -0.40 -0.78
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Distance from Seawall in meter 

Nourishm. 

+ 2nd PEM 

1st PEM 

3 yrs after  

2nd PEM 

Double layer of PEM  
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Hyatt, Teluk Chempedak, Malaysia 
PEM in combination with beach nourishment 

2003  

Pre- 

Nourishment 

2007 

Post-

Nourishment 

July 2013  
Elevated convex beach. This project demonstrates 

how to prolong the life of beach nourishments. 
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Hillsboro Beach, Florida 
S

tu
d

y
 A

re
a

 

The FDEP…..“knew of no 

technology that would work at 

the exact location due to 

groins at Deerfield Beach” 
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Hillsboro Beach,  2001-07 annual change to DOC * 

North  

Control 

 0.5 mile 

South 

Control 

0.5 mile 

Project 

 Area 

1.0 mile 

 

North control + 1.9 cy/ft 

 

Project area  - 3.9 cy/ft 

 

South Control  + 1.2 cy/ft 

 
* Olsen and Ass. 2008 
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Installation & Removal 

Pre-PEM installation February 2008 

• Validate physics: Installed water wells/PEMs  

– Very high groundwater level 

PEM Installation in February 2008 

• Installation completed in 2 weeks 

• 90 PEMs installed with drill 

• Very poor beach condition 

• >50% of PEMs were reduced in size 

• After 18 mths PEM had met success criteria 

• Client pays. No-cure no-pay contract 

• Client decides to have trad. nourishment 

• Monitoring continues   

• 24 months (2010) and 36 months (2011) 

• 2/3 of PEMs found and removed in 2011 
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Hillsboro Beach 3-year results * 

Average Beach Elevation At Each Dewatering Tube Row (ft) 

Installation Removal  Change 

Row A (MLW) -2.26 -0.08 2.18 

Row B 0.21 1.83 1.62 

Row C  4.46 4.25 -0.21 

Row D 4.80 5.45 0.65 

Volume data in PEM area to DOC (surveyed 1 month after removal) 

• Accumulated sand to depth of closure (DOC): 47,000 cy 

• Sand placed in test area during 2008 / 2009 (truck hauls): 8,500 cy  

• In total, the test area added  (47,000 – 8,500) = 38,500 cy in 3 years 

• The same area historically lost an average 21,000 cy annually = -63,000 cy in 3 years 

Shoreline data in PEM area (surveyed 1 month after removal) 

• Shoreline advanced an average 26.9 ft 

• Shoreline was expected to retreat by 25.2 ft 

Neither of the controls were negatively affected as both North and South controls 
gained volume in line with the norm 

 
*All Hillsboro Beach PEM project data were obtained by SEA Diversified Inc, a Certified Florida Surveying and Mapping  Company 

+1 ft 
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2nd year. No Nourishments. No storms.  

24 
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Accumulated 3 year 
Comparative Results 

How did the test areas expected 

performance* compare to the surveyed 

results? 

*Sep 2001 - April 2007. Olsen and Ass. 2008  

 

 Hillsboro Beach – comparative results 

No down-drift erosion  
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MHW 

Shoreline 

-5ft DOC 

Shoreline 
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Hillsboro Beach 

 3-year photo 

comparison  

R-7 in February 2008 

Photo location looking south 

N 

Photo comparison  

at low tide.  
 

March 2011 was shot 1 

month after PEM removal. 

By then the sand had 

started to wash away 



2/2008 

Project starts. PEM 

installed from R7 - R12 

6/2008 

Emergency fill 8,900 CY  

at R7, on top of PEM 

2/2009 

PEM is stabilizing the  

emergency fill at R7  

1/2011 

Project ends. PEMs  are  

removed. The beach is wide 

3/2011 

Beach nourishment  

340,000 CY from R6 - 12 

2/2014 

Sand has washed away and 

 beach is back to 2008-level 
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Hillsboro Beach – Timeline 2008 - 2014 



Environment 

• No borrow site 

• Almost zero carbon footprint 

• No Scarps 

• No down-drift erosion 

• Short installation period  

• Installation all year around  

• No relocation of nests  

• University study 
– No change in Turtle behavior or hatchlings success 

– Most popular Green Turtle nesting zone in Broward 
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Will PEM work at a specific beach?  

 

  Pilot study – Controlled test  

Pilot Study performed on 2 segments of the beach  

300 ft apart during 2 time periods 

Duration: 3 months 

PEM w/instrument

PEM no instrument

Well w/instrument   

Line 2 – Control

Line 1 – Test

Week 5-12Week 1-4

Project Area 

Control Area 
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Pilot Study:   What is causing the erosion?  

How is the groundwater and beach affected by the PEMs?  

Which PEM configuration to be used if full scale? 30 
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Pros and Cons of Passive Dewatering 

Pros 

Highly cost-effective at suitable sites 

Keeps sand on beach and adds from sea 

Turtle and environmentally friendly 

Invisible to beach visitor 

No down-drift erosion 

No scarps 

Storm protection and fast beach buildup  

Prolong the life of beach replenishment 

Cons 

Requires minimum 6-8 ft depth of sand 

Requires tide variations 

Beach cleaner must know PEM location 

After storms PEMs may  

become exposed, especially 

likely at project start.  

Reported by beach raker or  

a visitor via free call to  

computer. Marked and later  

repositioned below the  

sand by local staff 

It takes time to gain sand ! 
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PEMs installed for 8 years 

Thank you  
for listening 

www.ecoshore.com 


