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Introduction and Overview

of Laminar Flow Aeration:

Historically, laminar flow aeration was used
in sewage treatment lagoons to increase the
degradation of waste while not overwhelm-
ing the overlying water with a high bio-
chemical oxygen demand (BOD). Only in
recent times has this technology been used
as a lake improvement method for the bet-
terment of water quality within aquatic eco-
systems. The laminar flow aeration system
has some limitations including the inability
to degrade mineral sediments, the require-
ment of a constant Phase [ electrical energy
source to power the units, and unpredict-
able response by various species of rooted
aquatic plants.

A laminar flow aeration system utilizes dif-
fusers that are powered by onshore air com-
pressors. The diffusers are connected via ex-
tensive self-sinking airlines that deliver air to

the diffusers which then circulate air into the-

overlying water column and eventually into
the lake sediments (Figure 1). Laminar flow
aeration utilizes systems that are retrofitted
to a particular site and account for variables
such as water depth and volume, contours,
water flow rates, and thickness and compo-
sition of lake sediment. The systems are
designed to completely mix the surround-
ing waters and evenly distribute dissolved
oxygen throughout the lake sediments for
efficient microbial utilization. In addition
to the placement of the diffuser units, the
concomitant use of bacteria and enzymatic
treatments to facilitate the microbial break-
down of organic sedimentary constituents is
also used as a component of the treatment.
Organic matter in lake sediments is neces-
sary for rooted aquatic plant growth and to
support lake metabolic activities. An exces-
sive amount of organic matter, however,
leads to a decrease in lake depth and in in-
creased rooted aquatic plant growth. Thus,
laminar flow aeration has many objectives
which include: 1.) Increasing the dissolved
oxygen levels in the lake and lake sediments,
2.) Decreasing the thickness of the organic
matter layer in lake sediments, and 3.) purg-
ing of noxious gases from the sediment pore
water to the water column and eventually
to the atmosphere. In order to thoroughly

understand how
laminar flow
aeration  affects
changes in biolog-
ical and physical
and chemical wa-
ter quality param-
eters, we must
first understand
the importance
and functions of
lake  sediments,
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the major mi
crobial processes
that occur in lake
sediments, and
how the laminar flow aeration technology
can be applied as a lake improvement tech-
nology.

Sediments and Their

Functions within Lakes:

The majority of inland lake sediment in
Michigan originates from glacial material
that was deposited in lake basins nearly
8,000 years ago (Straw et al., 1978). In gen-
eral, sediments in lake systems are highly
heterogeneous having been derived from
glacial and anthropogenic (man-induced)
activities over time. Lake circulation pat-
terns ultimately dictate the distribution
of sediments in an aquatic ecosystem. In
general, lake sediments with coarse particle
size are associated with higher water clarity,
while those with smaller particle size such as
silts and clays are usually correlated with in-
creased turbidity. Sediments with large par-
ticle size may inhibit rooted aquatic plant
growth through mechanical impedance,
whereas sediments with smaller particle
sizes tend to favor rooted vegetation growth
unless those sediments are highly flocculent
and rooting is not possible. Coarse sedi-
ment particles tend to appear near shore,
whereas finer particles settle out in the
deeper basins of a lake.

Lake sediments provide many functions for
lakes, including nutrient supplementation
to rooted aquatic plants, providing a suf
ficient rooting medium for aquatic plants,
and in regulating metabolic processes for
the lake. Odum (1971) showed that lake
bottom sediments regulated the metabolism
of aquatic ecosystems. Sediments may also
be utilized as a large source of siliceous dia-
toms and other macrobiota which forms the

Figure 1. A Conceptual Diagram of the Laminar Flow Aeration Process (used
with permission from Clean-Flo, Inc.)

base of the food chain for higher organisms
that feed on benthic biota. In addition, lake
sediments are active components of the bio-
geochemical cycles present in aquatic eco-
systems in that they recycle nutrients and
organic matter via microbial metabolism.
In sediments that contain low oxygen (anox-
ic) conditions, some rooted aquatic plants
have the ability to oxidize the rhizosphere
(root zone) and overcome growth limita-
tions present in the sediment conditions.
A study by Bodelier et al. (1996) determined
that the emergent macrophyte, Glyceria max-
ima utilized root aerenchymatous tissue to
oxidize an anoxic portion of the lake sedi-
ment which encouraged ammonia-oxidizing
bacteria. In a peculiar way, this emergent
aquatic plant mimics the technology of lam-
inar flow aeration with its sediment oxida-
tion functions.

Sediment Dynamics and

Laminar Flow Aeration:

The laminar flow aeration process effec-
tively purges noxious gases such as carbon

* dioxide (CO,), hydrogen sulfide (H,S), and

nitrogen (N,) from the lake sediments. Ben-
thic CO, is a primary byproduct of micro-
bial metabolism. Some studies have shown
that particular species of aquatic plants
obtain critical amounts of CO, from lake
sediments. Hydrogen sulfide is produced
from anaerobic bacteria and creates a pun-
gent “rotten-egg” odor in the sediments.
Beutel (2006) found that lake oxygenation
eliminates release of ammonia (NH;) from
sediments through oxygenation of the sed-
imentwater interface. Allen (2009) dem-
onstrated that NH,* oxidation in aerated
sediments was significantly higher than that
of control mesocosms with a relative mean
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of 2.6 £ 0.80 mg N g dry wt day” for aerated
mesocosms and 0.48 £ 0.20 mg N g dry wt
day! in controls.

In contrast to the gases which are purged
out of sediments, phosphorus tends to re-
main in the sediment during the laminar
flow aeration process. Phosphorus (P) is the
primary nutrient necessary for abundant al-
gae and aquatic plant growth. The total P
concentrations in lake sediments are often
up to several times higher than those in the
water column since P tends to adsorb onto
sediment particles and sediments thus act
as a “sink” or reservoir of nutrients. Phos-
phorus concentrations are usually higher
at increased depths due to higher release
rates by lake sediments under low oxygen
(anoxic) conditions. Thus, with an aerated
sediment pore water layer, release of P into
the water column is unlikely.

Many forms of nitrogen (N) are present
in lake sediments and include ammonia
(NH,"), nitrate (NO;), nitrite (NO,) and
organic nitrogen. These values are usu-
ally highly variable in lake sediments due to
high rates of microbial activity which rapidly
converts the forms of N in sediments. Much
N (amino acids and proteins) also comprises
the bulk of living organisms in an aquatic
ecosystem. Nitrogen originates from atmo-
spheric inputs (i.e. burning of fossil fuels),
wastewater sources from developed areas
(i.e. runoff from fertilized lawns), agricul-
tural lands, septic systems, and from water-
fowl droppings. It also enters lakes through
groundwater or surface drainage, drainage
from marshes and wetlands, or from pre-
cipitation (Wetzel, 2001).

Figure 2. Collins Lake, New York, USA, before impl

aeration. Photo used with permission from Lake Savers, Inc.

ementation of laminar flow Figure 3. Collins Lake, New York, USA, after implementation of lami-
nar flow aeration. Note the diffuser rings in the background (at upper

right in photo). Photo used with permission from Lake Savers, Inc.

Organic matter (OM) contains a high
amount of carbon which is derived from
biota such as decayed plant and animal mat-
ter. Detritus is the term for all dead organic
matter which is different than living organic
and inorganic matter. OM may be autoch-
thonous or allochthonous in nature where
it originates from within the system or ex-
ternal to the system, respectively. Many fac-
tors affect the degradation of organic mat-
ter including basin size, water temperature,
thermal stratification, dissolved oxygen
concentrations, particle size, and quantity
and type of organic matter present. There
are two major biochemical pathways for the
reduction of organic matter to forms which
may be purged as waste. First, the conver-
sion of carbohydrates and lipids via hydro-
lysis are converted to simple sugars or fatty
acids and then ferment to alcohol, CO,, or
methane (CH 4). Second, proteins may be
proteolyzed to amino acids, deaminated to
NH,+, nitrified to nitrite (NO,-) or nitrate
(NO,), and denitrified to N, gas.

Laminar Flow Aeration in the Field:
Although this is a relatively new area of
research, recent case studies have shown
promise on the positive impacts of laminar
flow aeration systems on aquatic ecosystem
management with respect to organic matter
degradation and resultant increase in water
depth, and rooted aquatic plant manage-
ment in eutrophic ecosystems (Lakeshore
Environmental, Inc., 20102011, peer re-
viewed publication in progress).

There is also evidence that laminar flow
aeration creates a favorable change in
planktonic algal communities. Toetz (1981)

found evidence of a decline in Microcystis
algae (a toxin-producing blue-green algae) in
Arbuckle Lake in Oklahoma. Other studies
(Weiss and Breedlove, 1973; Malueg et al.,
1973) have also shown declines in overall
algal biomass.

Conversely, a study by Engstrom and Wright
(2002) found no significant differences be-
tween aerated and non-aerated lakes with
respect to reduction in organic sediments.
This study was however limited to one sedi-
ment core per lake and given the high de-
gree of heterogeneous sediments in inland
lakes may not have accurately represented
the conditions present throughout much of
the lake bottom. The science behind the
laminar flow aeration system encourages a
measurable reduction in the organic matter
layer of the sediment so that a significant
amount of organic nutrient is removed
from the sediments and excessive sediments
are reduced to yield a greater water depth.
This process also tends to cause a decline
in some nuisance aquatic vegetation growth
and leaves nutrients in the sediment which
are unavailable for algae.

Ongoing research is being conducted on
many lakes in Michigan, including Maple
Lake (Van Buren County, MI), Sherman
Lake (Kalamazoo County, MI), Chippewa
Lake (Mecosta County, MI), Wing Lake
(Oakland County, MI), Keeler Lake (Van
Buren County, MI), and Indian Lake (Cass
County, MI). Other states in the U.S. have
also implemented the laminar flow technol-
ogy with excellent results. Collins Lake in

(continued on page 8)
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(continued from page 7)

New York State discovered a substantial
reduction in both nuisance rooted aquatic
plant growth and dense filamentous algae
growth in one season (Figures 2 and 3).

Concluding Remarks:

What defines a “sustainable” lake improve-
ment strategy! Ultimately, sustainability of
an improvement program may be depen-
dent upon the length of the program given
the existing stock of useful resources (Mu-
nasinghe and Shearer, 1995). Laminar flow
aeration provides a constant stock of sup-
plied air to the lake bottom during a given
season of operation. Efforts to increase
sustainability through more ecologically
friendly power sources are currently under-
way. Orr (2003) warns us that a program
with excessive economic, technological, and
financial complexities is unsustainable due

to a limited capacity for management. The -

laminar flow system is affordable, typically
declines in cost with time, is technologically
simple, and usually requires little mainte-
nance. While many of the lakes in Michi-
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gan are limited in their capacities to be man-
aged, the laminar flow aeration technology
offers a selfcleansing approach to holistic
lake improvement without chemicals and
mechanical methods. Laminar flow aera-
tion is not a panacea but seems to be im-
proving inland lakes in a consistent and
sustainable manner.
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