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Algal Control

Currently, the Didrict is adle to take water into the WTP from either Lopez Lake
(through a bypass pipdine which currently has not been authorized through a
DHS walver) or the Termind Reservoir (gpproved source of supply). This
gppendix provides a discusson of additiona steps the Didrict could teke if agd
blooms continue to be a problem. More information is required to determine the
probable cause(s) of the dga blooms in Lopez Lake and the Termina Reservoir
and to identify a method of adgd control that would diminate or reduce the
severity of taste and odor events. A two-phased gpproach is recommended: (1)
implementation of a daa collection program, which will define the source(s) of
the dgd blooms ad (2) an evaudion of management drategies most
appropriate for the Didrict’ s Stuation. These two activities are discussed below.

Data Collection Program

A monitoring program could result in the collection of information that would
help define the source(s) of the dgd blooms. The program should include the
collection of biologicd, chemicd, and phydcd data from the Termind Reservoir
and Lake Lopez and its water sources. Biologicd data should include agal
counts and species identification. Chemica parameters should include dissolved
oxygen (in continuous profiles with depth) and nutrients (phosphorus and
nitrogen).  Physcd characterigtics should include temperature (in  continuous
profiles with depth) and pH. Water samples should be collected every two weeks
from the sources of water to the Lake and at three locations in the Lake and
Termind Resarvoir (at the surface and a depth). A detalled description of
sampling and anayticd methods could be developed in cooperation with the
Didrict if a monitoring program isto beinitiated.

Potential Management Strategies

Many water utilities in the United States have applied copper sulfate on a regular
bass for the control of phytoplankton populations in surface waters. Being a
toxic substance, copper kills non-target organisms such as zooplankton and fish
fry. Other disadvantages associated with its use include (1) possble blooms of
copper-ressant dga species following treatment; (2) possble oxygen depletion
caused by decay of gdgnificant amounts of bloom materid; and (3) excessve
copper accumulation in water plant dudges, which may reduce ultimate disposd
options.

Caditas Municipd Water Didrict (1987) surveyed water utilities to assess agd
control strategies currently in use throughout the United States. Chemicds most
often used included copper sulfate pentahydrate and chelated copper compounds.
Chemicads used occasondly, but infrequently, included potassum permanganae
and chlorine.  Nutrient controls aso are popular, as are physical controls such as
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lake dedtratification and aeration. As might be expected, copper sulfate is the
most commonly used chemica control method. The survey indicated that the
most successful dgd control programs are those tha included both nutrient
control measures and chemica treatments.

Alternatives to the application of copper compounds to lakes and reservoirs for
adgd control include phosphorus remova from the waer column by chemicd
precipitation and inectivation, physcad methods, and biologicd methods. These
strategies are described below.

Chemica Precipitation

This technique, which is described by Cooke, et d. (1992, 1986), as a “lake-
improvement” method, involves coagulation and flocculation of the source water,
usudly with dum but occasondly with sodium duminate or feric chloride. The
objective of this procedure is to remove phosphorus from the water column. This
procedure is especidly useful in water supplies in which excess phosphorus from
point sources, runoff, or interna cycling from the sediments exacerbates dgd
growth.

Physca Methods

Aerdion is the mogt dgnificant physica trestment method for controlling blue-
green dgd blooms in water supplies, it is agopropriate only in impoundments
Other methods, such as light excluson from the water column by addition of clay,
activated carbon, etc., are impractical for use in large water supplies and are not
discussed here.  Cooke, et d. (1992) describe in detail severa other nutrient-
control methods that vary in terms of practicdity, effectiveness, and difficulty of
implementation.

The primary objective of aerdion is to supply oxygen to an impoundment in order
to prevent the development of anaerobic conditions in the impoundment and the
subsequent release of phosphorus (i.e, interna loading) from the sediments,
eoecidly in the hypolimnion of eutrophic, themdly drdified lakes  Severd
techniques are described in the literature, the two most often discussed are
artificd cdirculation and hypolimnetic aeretion.  Another technique for improving
water qudity is hypolimnetic withdrawd, which removes phosphorus-rich water
from the bottom of an impoundment. Severd benefits other than the eimination
of phosphorus can accrue. Cooke, et a. (1992) describes this technique, as well
as other agration techniques, in detall.

Artificial Circulation. Artificid circulation has been employed since the 1950s to
control dgd biomass. It can be achieved by a variety of mechanicd means such
as pumps, jets, and ar bubbles  Unlike hypolimnetic aeration, the god of
atificd drculation is continuous circulaion of the lake from top to bottom.
Stratification, therefore, is ether prevented or destroyed in most instances, and no
dramatic therma gradient will exis. The technique is most successful in nutrient-
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rich impoundments where nutrient sources cannot be diminated and oxygen
depletion at the bottom of the lake is common (Cooke, et d., 1992).

Hypolimnetic Aeration. Hypolimnetic aeration is a type of aeration used in
impoundments with a clearly defined and stable themd dratification during the
wamer months of the year. The process resaults in agration of the hypolimnion
without dedratification; thus, warming of the lake is avoided. If iron is available
in reasonably high concentrations in the hypolimnion, phosphorus levels can be
greetly reduced by precipitation.

Three categories of hypolimnetic aeration have been described (Cooke, et 4d.,
1992): mechanical, wherein hypolimnetic waters are actudly removed, aerated,
and returned; injection of pure oxygen, usudly from liquid oxygen hed in tanks
onshore, and injection of air, accomplished ether by air-lift or injection devices.

Layer Aeration. Layer aeration is a proprietary aeration system described as a
process tha “...redistributes heat and oxygen in a dratified lake or reservoir. It
creates and aerates discrete layers, establishes severd thermocline barriers to
vertica diffuson, and reduces the volume and ared coverage of the hypolimnion”
(Kortmann, et d., 1988). The authors report the dimination of blue-green dgee
from alake that was aerated with layer agration units.

Hypolimnetic Withdrawal. According to Cooke, et a. (1992), the principa
pupose of hypolimnetic withdrawa is to remove poor-qudity water from the
bottom of the reservoir. The process has severd additiond benefits, among them
a decrease in the hypolimnetic resdence time and a reduction in the opportunity
for the hypolimnion to become anaerobic.

Sediment Covers. Cooke (1980) discusses several techniques for covering
bottom sediments. Severa of the coverings (plastic sheeting or screens) were
effective a controlling macrophyte growth. The use of fly ash to cover sediments
and retard nutrient releese was not recommended because of negdive
environmenta impacts (toxicity, high pH, and heavy metds). Feric sulfaie was
goplied to three reservoirs in England to control phosphorus release and dgd
growth (Dadorph and Price, 1994). The gpplication method was different in each
of the reservoirs, and so was the trestment effectiveness. Ferric sulfate was most
effective when it was applied to the main reservoir body, rather than a curbed- off
section  or tributary. Blue-green dgee populations declined; however,
macrophytes increased.  Overdl, water quality conditions in the reservoirs
improved, and the reservoirs have been in continua operation since trestment
started.

Biologicd Methods
Potentid biologicd methods for the control of blue-green adgee suggested by
various researchers include (1) the application of viruses (cyanophages) that

D-3 San Luis Obispo Final Report



soecificdly infect blue-green adgae and certain other types of bacteria, cdled
myxobacteria, and (2) biomanipulation procedures. The term “biomanipulation”
was first suggested by Chegper, et al. (1975), and Chegper (1978) to “...include
lake improvement procedures that ater the food web to favor grazing on agee by
zooplankton, or that eiminate fish species that recycle nutrients’ (Cooke, et al.,
1986).

Use of Cyanophages and Myxobacteria. The effectiveness of cyanophages and
myxobacteria agangt blue-green adgee has been demondraied only in the
laboratory, and these organisms ae not genedly avalable for fidd use
Carmichad (1992) notes that microbiologica control of cyanobacteria has been
advocated for some time and cites studies by Safferman and Morris (1964, 1991)
and Bumhamn and Fdeigh (1983) that highlighted difficulties in maintaining
aufficient supplies of virus and myxobacteria cultures in the laboratory for use in
treating water supplies. The host-specific nature of this method of control aso
makesit less practical.

Biomanipulation. Biomanipulation involves changing the raios of the various
components of an aguatic ecosystem, notably the phytoplankton, herbivores,
primary predators, and top predators. Carpenter and Kitchel (1988) and Kitchell,
et d. (1993), experimented with the fish communities in oligotrophic kettle lakes
that were rather isolated from outside disturbances. Carpenter and Kitchell (1988)
date that large manipulations of fish community Structure can produce order-of-
magnitude changes in water qudity charecteridics such as dgd biomass
Carpenter, et a. (1992) note that the addition of another trophic level (piscivores)
in one lake resulted in decreased phosphorus turnover rates because phosphorus
was incorporated in the fish. Although fish excrete condderable amounts of
phosphorus, food webs that are dominated by piscivores tend to have smdler
agd components and are less sengitive to phosphorus inputs

Source Water Control Summary

Thee dternatives ae summarized in Table 1, which indicaes the problems
addressed by the dternative, its effectiveness, potentid negative impacts, and
relative cods (when they could be etimated). A detailed evduation of control
drategies should be conducted when sufficient data have been collected to
identify the source(s) of the dgd blooms. The evauation should also consder
other management drategies, such as wetlands, in-line chemicd treatment,
detention basins, and a comprehendve watershed management plan.
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Table 1. In-Lake Alternative Management Strategies

(o | S [ et [ e [ roaveces |

Moderate, short

Toxicity, Cu build-

Copper suifate Algae term up in sediments
Cher_m.cd . Phosphorus Control interna Temporary
precipitation source
Phosphorus, Could increase
Artificid circulation | sulfide, possibly High for sulfide algae and Low
agae turbidity; noise
Hypqllmnetlc Phqsphorus, High Reservoir depth
aeration sulfide
Layer aeration Algae Moderate Proprietary High
Hypol imnetic Nutrients Moderate to low -
withdrawal
Sediment covers Algae, phosphorus ---
Cyanophages Algae Impractical
Biomanipulation Algae Varigble

D-5

San Luis Obispo Fina Report




