WATER MANAGEMENT AT MARBELLA LAKES
June 12, 2016

Abstract
Stormwater ponds (retention or wet ponds) and wetlands should be designed and constructed to
contain and filter pollutants that flush off of the landscape. Without proper maintenance,
nutrients such as nitrogen and phosphorus collect creating water quality issues such as algae
blooms, low dissolved oxygen, high pH, impacts to aquatic habitat, and unpleasant odors.
While originally the Lakes Committee was looking at aerating the lakes, because of the water
quality test results, independent research and many discussions with folks in other communities,
we have concluded that aeration can be postponed until a later date. We must focus today on
reducing the nutrients in our ponds. In particular, we must reduce the amount of phosphorus
that is entering our lakes. The algae at Marbella Lakes are enjoying a feast and we must stop
feeding them!

INTRODUCTION
This is the first of a series by the Lakes Committee of Marbella Lakes. We hope to
keep everyone up to date on the lakes and the problems we face. This initial
presentation focuses on basic principles and a few specifics about Marbella Lakes.
Subsequent presentations will be more concerned with specific actions being taken.
What follows is a condensation of a great deal of effort.
HISTORY OF MARBELLA LAKES
The plans for Marbella Lakes were drawn up in 2007.The original developer went
bankrupt and GL Homes took over in 2009. The Lakes consist of six bodies of
water, totaling 19 acres. Depth varies from about 8 feet for the lakes near the mid
and western portions to 18 feet for the two eastern lakes (lakes 5 &6. See attached
map.) The lakes are interconnected by underground pipes. A seventh body of water
behind Del Mar Terrace is really an enlargement of a canal taking drainage from a
lake near Wyndemere, and supervised by Collier County. As such, it is not part of
this discussion.
All of the lakes are stormwater retention ponds. They are not lakes in the
conventional sense. They have no ordinary inlet or outlet streams. The source of
water is the runoff from the storm sewers on our streets. In addition, two wells
can pump water into our lakes. A well near the southeastern lake (#6) pumps tens
of thousands of gallons per day. Another well near the clubhouse is not currently
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pumping any water. The pumping is supervised by the South Florida Water
Management District. The water is metered, and we cannot exceed our allotment.
The outlet of the lakes is a pair of three foot diameter concrete pipes located at the
far southeast corner of Marbella Lakes. These pipes pass under Interstate75 to a
Cypress Basin canal. There may be another smaller drainage point from the
eastern end of lake 5.
For at least six months of the year, there is no net outflow from the lakes.
Everything that runs into the lakes stays there until the rainy season washes it away.
In reality, our lakes are mostly stagnant pools. A great deal of effort is required to
keep them attractive, and the potential for abuse is high.

PRINCIPLES OF LAKE MANAGEMENT
The lakes face contamination from two major sources: 1), Decaying vegetation
and 2), The material we dump into them. Each requires specific actions.
Decaying Vegetation
Decaying vegetation accumulates as muck on the bottom of the lake. If the muck
is not handled proactively, it reaches a thickness in twenty years or so where
dredging becomes necessary. This is a drastic action requiring the expenditure of
millions of dollars.
In a naturally occurring lake, bacteria oxidize the muck, using dissolved oxygen in
the water as a source of energy. Slowly flowing water renews the oxygen that is
consumed. The natural lake reaches a state of equilibrium wherein decaying
vegetation is oxidized as fast as it is deposited and no significant muck
accumulates.
Unfortunately, that does not happen in a stormwater retention pond. The beneficial
bacteria consume oxygen. When oxygen levels are diminished or nonexistent, the
bacteria cease to function or die. Muck accumulates. Fish die. The only source of
oxygen for the pond is passive diffusion from the atmosphere. This process is slow
and inefficient. Perhaps the top 12 inches of the lake will have adequate oxygen
from the atmosphere, but the remainder is deficient.
Muck levels at Marbella Lakes range from 4 to 12 inches (see attachment).
Although this is not considered excessive, continuing muck accumulation will
inevitably lead to deterioration of our lakes and ultimately to dredging. Another
factor comes into play with stormwater retention ponds: temperature inversion.
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The lower levels of the pond become warmer than the upper—i.e., stratified. The
pond becomes truly stagnant. The pond is in poor health.
Extraneous Materials
Algae are a problem in our ponds. Commonly referred to as "moss" or just plain
"pond scum" this group of algae includes Spirogyra, Cladophora, and many other
varieties. Individual filaments are a series of cells joined end to end that give a
thread-like appearance. Algae often forms surface mats. Growth begins at the
bottom and rises to the surface as oxygen becomes trapped by the filaments. Often
times this type of algae will "disappear" after several days or immediately after
rain events when trapped oxygen is allowed to escape. This "disappearance" lasts
for only a short time until oxygen once again becomes trapped. High levels of
nutrients cause exponential algal growth.
The problem is that eliminating algae may introduce problems of its own. Current
information indicates that eliminating the nutrients that feed the algae is the most
effective means. Chemical applications, although effective in the short term, may
hasten the day when dredging is necessary.
We can do a great deal of damage to already fragile retention ponds. Fertilizer
runoff feeds the algae. Algaecides kill all invertebrates, good or bad. Herbicides
kill plants, sometimes indiscriminately. Roof and paver cleaning solutions run into
our storm sewers and then directly into the lakes. Efforts to control rust (iron) in
irrigation water lead to excess phosphorus in our lakes. Grass clippings add to the
decaying vegetation and help nourish the algae. Even pumped well water may
contain algae nutrients, particularly phosphorus.
Fertilizer runoff can be minimized by restricting the distance between the high
water mark of the lake and the closest point of application of the fertilizer.
Generally, this is set at about ten feet. Fertilizer should contain little or no
phosphorus.
The same principle applies to grass clippings. Mowing near the water’s edge must
be very high and clippings must be blown away from the water. Grass mowing
throughout the community must be at a four inch height.
Indications are that our present landscaper, Greenscapes, is adhering to all of these
rules. The fertilizer content is 19-0-8, which means 19% nitrogen, 0 %phosphorus
and 8 % potassium. The nitrogen fertilizer is in the form of a slow-release ureabased form, which is desirable.
Copper sulfate is widely used as an algaecide. Because of its toxicity to
invertebrates, the county limits the frequency and amount of its usage. Copper can
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also be applied in a more complex form, known as a chelating agent. Our lakes
contractor uses the chelated copper. All forms of copper end up as copper
carbonate on the bottom of the pond.
In some respects, algae are the mirror images of bacteria. Algae use sunlight as an
energy source, whereas bacteria use oxygen. Algae change CO2 to oxygen,
whereas bacteria do the reverse, utilizing oxygen to change dead vegetation to CO2.
Algae produce chlorophyll, which colors our lakes. Of necessity, algae lie close to
the surface. Bacteria lie on the bottom, where they survive on the dead vegetation
and dissolved oxygen. With their death, bacteria release the phosphates that
nourish the algae. Thus the cycle perpetuates itself.
Our goal is to break the cycle above. The only practical way of doing that is to
reduce the nutrient load in our lakes. (The term “nutrient” is a misnomer. What is
a nutrient to the algae is a contaminant to us. But all sources use “nutrient” in their
terminology.) Phosphorus is the worst nutrient, but potassium and nitrogen are not
far behind. Secondary nutrients, such as calcium, magnesium, etc. are of lesser
concern.
Alum (aluminum sulfate) is another widely used agent to trap phosphorus. Alum
is cheap and relatively nontoxic. It forms a flocculent precipitate with phosphates,
gradually settling to the bottom of the lake. One application may last months or
years. To date, we have not used alum. First, we have to stop the nutrients that are
still pouring into our lakes.
Runoff from paver and roof cleaning often goes directly to our storm sewers. The
purpose of the cleaning is to remove algae (mold). Two of the most common
methods utilize an algaecide or bleach. The algaecide is widely used in household
cleaning solutions and is biodegradeable. Nonetheless, it is a concern when it
reaches our lakes in large quantities. Bleach destroys mold/algae on contact. It
also destroys vegetation, including littorals. The magnitude of the roof/paver
cleaning problem at Marbella Lakes is not fully established.
The Iron in Irrigation Water
When the irrigation system at Marbella Lakes was first installed, the sprinklers
sprayed rusty water on the houses, an unattractive circumstance. This irrigation
water is pumped directly from lakes 2 and 6. Three stations were installed to
suppress the rust from the irrigation water. These were maintained by L.A. Rust,
the original subcontractor with GL homes, and continued with the turnover to
Marbella Lakes HOA.
The rust removal stations operate by injecting sodium phosphate into the irrigation
water. The sodium phosphate ties up the iron in a non-staining form. Although the
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sodium phosphate is pumped on to the grass, some of the chemical inevitably
reaches the lakes. Algae, the cause of the scum on our lakes, thrive on phosphates.
The Lakes Committee hopes to reduce or eliminate phosphate injection.
Littorals
Littorals are beneficial plants that live at the edges of our lakes. They serve to trap
the phosphorus and nutrients that would otherwise be feeding the algae. Littorals
may add some oxygen to our lakes. Littorals also control erosion of the lake banks.
Dead littorals must be removed, lest they add to the muck and nutrient problems.
This past winter we had an excess of rain and many of the littorals were
underwater for a substantial period of time causing them to die. This has added to
the muck and some lake bank erosion.
Collier County mandates planting of littorals. The most common littoral is
spikerush. At present, spikerush and some other littorals at Marbella Lakes are
thriving because they have so many nutrients to feed upon. Some of these littorals
are being thinned so as to be esthetically attractive.
Some submersible plants, that are growing in our lakes such as southern naid, are
ecologically damaging and considered invasive species. The committee is
attempting to eliminate these plants.
Dissolved Oxygen
Oxygen has a limited solubility in water. At 80 degrees F., it is about 8 parts per
million (ppm). Fish, microorganisms and submersed plants live comfortably at this
level. Decaying vegetation, sewage and dead animal life consume dissolved
oxygen. When the dissolved oxygen level reaches 4 ppm, aquatic life is
significantly compromised. At 2 ppm, the water is a virtual dead zone. In May,
the dissolved oxygen at Marbella Lakes was above 6 ppm at most depths (see
attachment)
Dissolved oxygen concentration varies widely with water temperature, season,
depth and even time of day. At the level of the muck on the bottom, the
concentration could be 2ppm, while the concentration is 7 ppm at the surface.
Because of this variation, one sample is never sufficient. Typically, measurements
are taken at one foot levels from the surface to the bottom and temperatures are
measured with each sample. This profile is far more informative than any single
measurement.
Efforts to raise the oxygen level above the saturation value by aeration cannot
succeed in the long term. The excess oxygen simply bubbles to the surface. And
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the closer we approach saturation, the more difficult it becomes to add a little more.
As a practical matter, oxygen levels at 6-7 ppm are as good as we will ever get.
Eutrophication
Our water quality test results show that our ponds are currently in a eutrophic state
with some being worse than others. The main effects of eutrophication include
such characteristics as an 1) increase in plant biomass; 2) increase in turbidity of
water; 3) increase in rate of sedimentation;4) development of low oxygen levels; 5)
blue-green algae (higher in cyanotoxins) replaces normal algae; 6) an increase in
algal blooms; and 7) a decrease in the number of species and diversity of plants
and animals.
Ponds and lakes go through a natural process leading up to a pond that is high in
nutrients, high producing and eutrophic. Usually, however, this takes longer than
the amount of time Marbella Lakes has been in existence. This means that our
ponds have received and are receiving extra nutrients: especially phosphorus.
When it comes to phosphorus the old saying "a little goes a long way" holds true. It
only takes about one- third of a pound, or about a shot glass full, of soluble
reactive phosphorus per acre-foot of water (324,522 gallons) (Aquatic EcoSystems) to raise the levels of Phosphorus in our pond to eutrophic. Put another
way, for every pound of phosphorus in our ponds we can produce 500 pounds of
algae.
Aeration
The Lakes Committee was originally formed to evaluate aeration systems. Now
the subject is on the back burner. It will be revived after other more pressing
problems are resolved.
Over a year ago, we received a report about the health of our lakes. Dissolved
oxygen levels were way down, algae blooms were everywhere, and lake
temperatures were inverted. Dissolved oxygen was so low near lake bottoms that
fish could not possibly have survived at those depths. The sky was falling.
We were advised from several sources that pumping more oxygen into the lakes
was the best solution. Thus began a quest for the perfect aeration system. More
members were added to the Lakes Committee. The subject was intensively
researched. Members visited three nearby communities that had aeration programs.
Some members attended an outreach seminar on lake management. Four bids were
obtained, with each bid pointing in a different direction. Price and quality varied
widely.
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Before proceeding further, we repeated the water analyses of the lakes and the
pump at lake 6 in May 2016. To everyone’s surprise, dissolved oxygen levels
were good (see attachment). Pumping more oxygen into the water would have been
difficult, very expensive and not very rewarding. The project stopped.
However, the door is not closed. Muck continues to accumulate. It may haunt us
in the future. A possible scenario is that aeration will be performed in a stepwise
fashion, with the two worst lakes done first. The project might last three years or
more.
Dissolved oxygen levels may be much lower in the summer. Repeat oxygen
profiles will be performed in July or August.
For the sake of completeness, and to dispel some myths, a brief discussion of
aeration follows.
The goal is to raise the dissolved oxygen level as much as possible for the greatest
volume of water at the least expense. It might seem that we could aerate and have
attractive fountains at the same time. Such is not the case. The oxygen has to be
deposited in or near the muck, many feet below. Stirring the water on the surface
achieves little. Dissolved oxygen at the surface is already at or near maximum.
Fountains are inherently inefficient.
A consensus has developed that diffuser stations lying just above the muck are the
best way to pump oxygen into the system. These stations, each two to three feet in
greatest dimension, create jillions of tiny air bubbles. As they float to the surface,
the bubbles transfer oxygen to the water. The air bubbles have secondary benefits,
removing noxious gases such as hydrogen sulfide and ammonia from the water.
Several diffuser stations would be required in each lake to avoid dead spots. Air
compressors would be located on shore and tubing would pass to the diffusers.
Each compressor would be in a sound-reducing housing.
If aeration is performed, the cost for diffusers, compressors and tubing would be
$6,000 to $8,000 per lake. Supplying electrical connections would add about
$6,000 per lake. Total electrical operating costs would be $6.000 to $8,000 per
year.
Copyright of the 2016 Marbella Lakes Home Owners Association Lakes Committee. This work
is the intellectual property of the authors. Permission is granted for this material to be shared
for non-commercial, educational purposes provided that this copyright statement appears on
any reproduced materials. To disseminate otherwise or to republish requires the permission of
the authors.
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LAKE NUMBER

1

TOTAL KJELDAHL NITROGEN (MG/L)
EPA 351.2

1.334

MARBELLA LAKES WATER QUAILIY ANALYSYS
2
3
4
5
6

1.333

1.403

1.663

1.321

1.595

7 WELL

1.287

TOTAL NITRATE & NITRATE(MG/L
CAMPBELL ET AL2004

<0.02

<0.02

<0.02

<0.02

<0.02

<0,02

<0.02

NITRITE(MG/L
EPA354.1

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

TOTAL NITROGEN(MG/L)
CALCULATED
NITRATE(MG/L
CALCULATED

<0.02

ALKALINITY(MG/L AS CaCO3)
EPA310.2
CHOROPHYLL a(ug/L
EPA 445

1.33

)

172.3

<10.00

1.33

<0.02

169.5

1.4

<0.02

151.8

14.7 <10.00

1.66

<0.02

144.2

1.32

<0.02

142.7

<10.00 <10.00

1.59

<0.02

143.3

56.6

1.28

<0.02

282

<10.00

CONDUCTIVITY (,uS/cm)
EPA120.1

547

536

552

478

639

702

869

DISSOLVED OXYGEN (mg/L)
EPA 360.1

6.95

7.1

6.93

6.95

6.84

7.11

6.3

7.5

33.1

7.9

21.3

16.9

12.8

29

134.23 91.904 154.209 169.172

123.624

FREE REACTIVE PHOSPHORUS(,ug/L)
EPA 365.3
TOTAL HARDNESS(mg/L as CaCO3)
EPA 130.1
ph(SU)
EPA150.1

125.484 129.72

7.9

8.1

8.1

8.3

8.2

8.2

7.5

TOTAL PHOSPHORUS (,ug/L)

68.1

69

54.8

127.5

48.7

191.8

136.8

TURBIDITY(NTU)
EPA180.1

3.61

2.93

2.21

2.31

1.198

2.47

1.251

10

11

Lake 4
16’ max depth on east end Profile done on west end. 9” muck on west end, 12”
muck east end.
Depth, ft.

D.O. ppm

12

1.53

11

4.67

10

7.11

9

7.98

8

8.28

7

8.69

6

8.63

5

8.72

4

8.83

3

8.93

2

8.99

1

9.03

Lake 5
18’ max depth, 4” of muck on both ends.
Depth, ft.

D.O. ppm

17

1.48

16

3.29

