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Problem Description 
Community contacted authorities to complain 

about foul odors and unsanitary conditions 



Location of Levittown Lake in Northern Puerto Rico 
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Study Components and Methodology 

• Hydrology  
 
  rainfall          tidal exchange 
  • Bathymetric Survey       bottom topography      calculate volume    • Water Physical and Chemical Characteristics  
   pH          dissolved oxygen    DO saturation       temperature           
   turbidity      salinity   specific conductance       transparency         
   nutrients    chlorophyll a 
 
• Biological Characteristics   
  primary productivity – L/D bottles method    diel study 
  fecal bacteria       phytoplankton biomass  



• Field parameters – all stations 
• Nutrients, productivity, biomass – 1 and 3 
• Fecal bacteria – 2, 5, and 7 
• Tidal station – 8 
 

   Monthly samplings 



Water quality, rainfall,  
and tidal station  

 
Could be used as  

an alert system for floods 

Continuously recording -
real time satellite 
telemetry 



0.00

20.00

40.00

60.00

80.00

100.00

120.00

7.23 

9.71 

9.66 

6.54 

4.69 

8.29 

8.67 
1.9 1.7 

2.85 
4.12 

10.51 

7.69 

5.48 

11.16 

C
um

ul
at

iv
e 

ra
in

fa
ll 

in
 in

ch
es

 

Aug-11
Jul-11
Jun-11
May-11
Apr-11
Mar-11
Feb-11
Jan-11
Dec-10
Nov-10
Oct-10
Sep-10
Aug-10
Jul-10
Jun-10

Rainfall – Continuously  
TOTAL RAINFALL = 98.50 INCHES IN 15 MONTHS 

RAINFALL AVERAGE FOR NORTH COAST = 70 INCHES/YEAR 



Camp site for tidal cycle studies 
– November 2010 and May 2011 



Acoustic Doppler Current Profiler – Twice Year 



Tidal Cycle Hourly During 24 Hours –  
Low and High Tides  



Bathymetric Survey System – Once During Study  

GPS and fathometer integrated 



Water Quality Multi-parameter Meter – Monthly  



Primary Productivity  
• Light/Dark bottles method – plankton productivity and  respiration 

 
Method Principles: 

 
Light bottles – photosynthesis, 

respiration 
 

Dark bottles – respiration 
 

Gross productivity (Pg) = OL – OD 
 

Net productivity (Pn) = OL – OI 
 

Respiration (R) = OI – OD  

Light bottles

Water surfaceBuoy

Weight

Dark bottles

Bottom

6 CO2 + 6 H2O + Light + CHL = C6H12O6 + 6 O2 

Water column  
organisms only 

Winkler titration By measuring the production of O2, we can calculate 
the amount of organic matter creation 



BOD Bottles – Monthly  

Light bottle 
Respiration and photosynthesis 

Dark bottle 
Respiration only 



Microfiltration System – Monthly  

Raw water is diluted, filtered, and incubated at 44° C for 24 hours 



Typical fecal coliform 
colonies 



KEY FINDINGS 
 

• VERY HIGH FECAL COLIFORM COUNTS 
 
• VERY LOW DISSOLVED OXYGEN CONCENTRATION EPISODES 
 

• LARGE VARIATIONS OF DISSOLVED OXYGEN DURING DIURNAL  
  CYCLES  
 
• HIGH NUTRIENTS CONCENTRATION  
 
• SUDDEN SALINITY DROPS AFTER HEAVY RAINFALL 
 

• MARKED WATER COLUMN STRATIFICATION 
 

• POOR WATER MIXING 
 

• TIDAL DATA INDICATE POOR CONNECTION WITH THE OCEAN 
 

• LAGOON PRODUCES 370 TONNES OF ORGANIC MATTER PER    
  YEAR (UPPER LAYER ONLY) 
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Fecal coliforms - Station 2  

PREQB Standard – 200 colonies per 100 ml 



0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

2,000

1,545 

1,000 

1,455 

640 

1,100 

800 

1,820 

220 

10 

665 

1,600 

C
ol

on
ie

s 
pe

r 1
00

 m
l 

Date 

Fecal coliforms - Station 5 

PREQB Standard – 200 colonies per 100 ml 
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Fecal coliforms - Station 7 

PREQB Standard – 200 colonies per 100 ml 



4.86 

6.43 

8.13 

0.08 

0.73 0.90 
0.25 

EXAMPLE – July 2010 top DO in milligrams per liter 

Sta 3 
 

Sta 4 
 

Sta 5 
 

Sta 6 
 

Sta 1 
 

Sta 2 
 

Sta 7 
 

Main water body is healthier than  
channels – better water circulation  
and higher photosynthetic rate 



PREQB Standard > 5 milligrams per liter 
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Total N = 5 times higher 

than Laguna Grande 

Total P = 9 times higher 

than Laguna Grande 
 

Laguna Grande is a healthy lagoon 

Levittown Lake is unhealthy lagoon 

Nutrients Concentrations 



Sudden drops after rainfall events 



1 

2 

3 

Diurnal cycle stations 
Twice year 



Levittown Lake Side View – November 2010 



Levittown Lake Side View – May 2011 



~ 1.50 FT 

Atlantic Ocean water level variations 



0.40 FT 

Lake water level variations 
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No matter the magnitude of the sea tides the 
lake level changes just 10 centimeters (4 inches) 

8:00 am                                                                                                        8:00 pm                                                                                                     8:00 am                                                                                                                                                                                            



Levittown Lake water level, in feet 
The greater level increases occur after 
rainfall events and not associated with 
ocean tides 



During the higher water level of the year  
(December 15, 2010) Levittown Lake 
water level increased ~ 2.0 feet 



At present, the average inflow is 1.70 Mm3/Day.  
Water floods surrounding swamps rather than 
reaching the main water body 



The wider, deeper channel is mostly closed 



The real problem is the narrow shallow channel.  
Only 29,000 m3 reach the lake daily 



Navigation guides for bathymetry 



 

THE LAKE BOTTOM IS VERY IRREGULAR  

FOR A MAN-MADE STRUCTURE 
 
LAKE VOLUME AT MEAN SEA LEVEL 
1.37 MILLION CUBIC METERS 

8 M 

7 M 

5 M 

6 M 

5 M 





NET WATER BALANCE – HIGH AND LOW TIDES 
 

 TYPICAL FLUSH IS 29,000 M3/DAY 
 
 EVERY DAY FLUSHES 2% OF ENTIRE VOLUME 

 
 FLUSHES ENTIRE VOLUME EVERY 48 DAYS 

 
 FLUSHES ENTIRE VOLUME 8 TIMES PER YEAR 

 
 FLUSHING RATE COULD BE INCREASED   
    SUBSTANTIALLY BY WIDENING AND DEEPENING     
    THE CHANNEL – POTENTIALLY FROM 2 TO 120 % 
 
  POOR HYDRAULIC CONNECTION WITH OCEAN 



For more information go to: http://pr.water.usgs.gov 



VIRTUAL TOUR – WATER QUALITY AND TIDE STATION 



VIRTUAL TOUR – GREEN IGUANAS (Iguana iguana) 



VIRTUAL TOUR – 165 HIGHWAY VIEW FROM SEASHORE 



VIRTUAL TOUR – INLET/OUTLET CHANNEL 



VIRTUAL TOUR – MANGROVE MORTALITY BLOCKS CHANNEL 



VIRTUAL TOUR – WATER QUALITY AND TIDE STATION 



VIRTUAL TOUR – FORMER LOCKS THAT CONTROLLED TIDES 



VIRTUAL TOUR – PARTIALLY BLOCKED OCEAN CHANNEL 



VIRTUAL TOUR – FULLY OPENED OCEAN CHANNEL 



Camp site for tidal cycle studies – November 2010 and May 2011 



Camp site for tidal cycle studies – November 2010 and May 2011 



Camp site for tidal cycle studies – November 2010 and May 2011 
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