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CHAPTER III

AQUATIC IMPACT

For each kilowatt hour of electricity generated, a steam power plant burn-
ing fossil fuel must dispose of about 4,400 BTU of heat via its condenser, and
a nuclear power plant must dispose of about 6,600 BTU. Most Maryland power
plants use once-through cooling systems to transport this waste heat from the
plant. In these systems, water is drawn into the plant, heated 10 to 17°F in
the condenser, and discharged into a receivigg body of water. Approximately 1
million gallons of water per minute (or 63 m”/sec) is required for each 1000
MW of generating capacity. Even when closed cycle cooling can be used to reduce
water withdrawal (as discussed in Chapter VI), there may still be a significant
amount of water withdrawn.

The Chesapeake Bay and its tributaries serve as the major source of cooling
water in Maryand. At the same time, they also support complex aquatic food
chains that produce renewable resources of fish and shellfish. A major concern
of the Power Plant Siting Program is that power plants, while providing electri-
city at a reasonable cost, do not interfere with the maintenance of sustained
yields of resource species, which are dependent on all food chain components.
Thus, the impact of power plants on the aquatic ecosystem as a whole must be
evaluated and measures to mitigate this Impact should be examined for their
potential benefits and costs.

As water is drawn through the power plant and returned to its source,
aquatic organisms interact with cooling system structures, with intake and
discharge velocity fields, with the heated effluent, and with other alterations
of the environment caused by plant operations as explained below.* The loca-
tions and nature of these Interactions are shown schematically in Figure
III-1. The following types of interactions and stresses are encountered by
aquatic organisms:

¢ Entrapment

Two of the largest Maryland power plants (Calvert Cliffs and Morgantown)
have intake embayments partially shut off from the main bay or river by

a curtain wall, i.e., a wall reaching from above the surface of the
water to some depth below the surface. The function of the curtain wall
is to permit the plant to draw its cooling water from the deeper portions
of the water column, where temperatures tend to be lower than at the
surface during summer months. Large numbers of fish congregate in intake
embayments during the summer where they may be entrapped. During the
summer months, dissolved oxygen (DO) concentrations in the water often
drop to levels below that needed to sustalin adult and juvenile fish.

The drop 1s pronounced in the deeper water entering the embayment under
the curtain wall. Fish kills may result, and the killed (or weakened)
fish may then impinge in large numbers on the protective intake secreens.

* Radiological effects are discussed in Chapter IV.
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Tmpingement

The circulating pumps for the cooling water are protected by intake
screens (usually 3/8 inch mesh). Organisms too large to pass through
these screens may be impinged, i.e., pinned against it by the pressure
of the passing water, a prospect that 1s markedly increased when the
organisms (fish or crabs) are weakened by stresses such as low DO condi-
tion. The screens are rotated periodically and the impinged matter is
washed off and usually flushed back into the cooling stream discharge.
Some species survive this treatment, but others suffer a high rate of
mortality.

Entrainment

Organisms small enough to go through the intake sereens pass through the
entire cooling system, where they are stresgsed by mechanical forces due
to physical contact with pumps and pipes, and pressure and shear forces
generated by complex flow patterns and turbulence.

While passing through the condenser, the entrained biota will be sub-
jected to a sudden temperature rise. The biological response to this
heating depends on the magnitude of the temperature rise, the length of
exposure to the elevated temperature, and the initial ambient tempera-
ture. Temperature rise varies from 10°F to 17°F in Maryland plants, and
exposure time from a few minutes to almost two hours (including retention
time in effluent canals). Thus, thermal stress "dose,” i.e., product of
temperature and time 1s gquite variable.

Additional stress 1s experienced by entrained biota at plants where
biocide (usually chlorine) is added to the cooling water to prevent
clogging of the cooling system by built-up biomass.

Discharge Effects

The alteration of local habitat produced by the discharge of cooling
water can manifest 1tself in several ways. Aquatic organisms can be
"entrained” into the discharge plume, where they will be exposed to
higher—than—ambient temperature and biocide residuals. Other toxic
substances released with the cooling water (e.g., copper) may affect the
stationary benthic communities near the plume. Finally, fast-moving
discharge flows cause alterations in the characteristics of bottom sedi-
ment in the discharge zone, and also directly influence the behavior of
some organisms.

The trophic levels and life stages of organisms interacting with the power
plant can be grouped as follows:

phytoplankton
zooplankton

benthos
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e 1ichthyoplankton
e juvenile and adult fish and crabs

Individual groups may be more susceptible to damage by one type of power plant
interaction than by another {Table III-1). Entrapment can stress juvenile fish.
Entrainment stresses planktonic organisms, which serve as food for many resource
species, as well as the planktonic larval stages of many resource and forage
species. All aquatic biota may experience discharge effects but benthic species,
because of their predominantly immobile life style, would be most stressed.

Mortalities resulting from plant-organism interactions can cause a de-—
cline in a population 1f they are not offset by blological compensation mecha-
nisms such as increases in growth rate, fecundity and/or early survival. In
the case of phytoplankton or zooplankton, losses due to entrainment are generally
recouped quickly as a result of rapid reproduction (generation times of hours
to days). Other organisms have much longer generation times. Fish spawn only
once a year, and may not reproduce until several years of age. For species
utilizing a very localized spawning or nursery area adjacent to a power plant,
high entrainment losses can occur unless cooling towers with carefully con-
trolled blowdown are used to reduce the exposure. The potential for such
losses is much less for ubiquitous species which spawn in or inhabit wide
areas of the Bay.

Plant operations can Indirectly cause decline of a population by decreas-
ing the abundance of its food supply. The dominant groups in the Bay which
are important as forage are phytoplankton, zooplankton, benthic organisms,
and small fish species (e.g., Bay anchovy and menhaden}. Although fish popu-
lations are more likely to be affected by the entrainment of their ichthyo-
plankton, they could alsc be affected by a change In the density of their
food (see Figure III-2). These indirect effects may propagate through several
trophic levels, although they are unlikely to be measurable beyond one link
along the food chain.

Plant operations also affect particular species through modification
of the physical/chemical environment. Biocide residuals may accumulate in
areas around the plant, and temperatures are elevated by varying amounts in
the discharge vicinity. Discharge jets may also scour the bottom sediments,
creating locally uninhabitable zones for benthic organisms. If such habitat
modificatons make an area unsuitable for use by some species, a subsequent
decline in their abundance can occur locally.

A. Aquatic Habitat

The central concept underlying the cumulative aquatic assessment presented
here is that Chesapeake Bay and tributary estuarine waters are composed of
distinet habitat types. These habitat types are defined by water salinity,
which is the environmental variable most important in controlling distribu-
tions of organisms in estuaries. Each of these habitats can be identified
with unique functions in producing or supporting important resource elements,
although their biotic compositions gradually change into one another, and their
extent varies seasonally. Cumulative impact will be assessed in terms of
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significant effects on the biota over the entire extent of each characteristic
habitat type within Maryland, with the emphasis on whether the long—term integ-
rity of each estuarine habitat and its characteristic functions are maintained.

The salinity zones designating the habitat types can be defined by the
Venice system of classification (1) as:

Habitat Salinity Ranges

Euhaline (Marine) 30.0 ppt - 35.0 ppt
Polyhaline 18.0 ppt — 30.0 ppt
Mesohaline 5.0 ppt - 18.0 ppt
Oligohaline 0.5 ppt - 5.0 ppt

Tidal fresh 0 ppt - 0.5 ppt

Riverine 0 parts per thousand (ppt)

The following major ecological functions of each habitat may be listed:
e Polyhaline and Marine

These high salinity waters are primary sites of hlue crab spawning
and development, and also support hard clams. Several fish species,
(e.g., spot, croaker, and menhaden) whose young and adults seasonally
feed in upper estuarine zones, spawn and develop in these regions.
These zones generally do not exist in the Maryland portion of the
Chesapeake Bay.

® Mesohaline

These medium salinity regions are the primary areas of shellfish pro—
duction (clams, oysters) whose early life stages are planktonic.
Mesohaline waters also support the adult crab populations. They pro-
duce most of the estuarine forage fish biomass, and therefore, serve

as feeding areas for large predator fish (e.g., bluefish, striped bass).

e Oligohaline

These brackish water environments support resident estuarine fish
populations, and serve as spawning and nursery grounds for them. These
fish populations serve primarily as forage organisms for larger fish,
but may also be exploited by man (e.g., white perch). The areas are
also feeding grounds for migratory marine and estuarine species such

as menhaden and white perch. Some spawning of anadromous fish also
occurs here.

e Tidal Fresh

Segments of estuaries within tidal influence but without a significant
salt intrusion provide spawning and nursery areas for anadromous fish
species, also supporting their larvae and juveniles during spring and
summer months. In addition, resident fish species, some adapted to
both this and riverine environments, spend their entire life cycles

in this zone. The striped bass is a particularly important example of
a species using this environment as a spawning and nursery area.
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e Riverine

These freshwater habitats beyond the head of the estuary have resi-
dent fish populations and supporting bottom (benthic) communities
adapted to constant freshwater conditions.

The location of these zones change seasonally as a result of changes in
the amount of freshwater inflow (see Figure III-3). Table III-2 indicates
the zones in which power plants in Maryland are located, and shows locations
according to season. The majority of plants in Maryland are situated in tidal
fresholigohaline regions. However, the largest in the State (Calvert Cliffs,
Chalk Point, and Morgantown) are sited in mesohaline regions (at least in the
fall) and new plants {e.g. Elms) will also be in the mesohaline habitat. There
are no power plants in the polyhaline and marine habitats along the Atlantic
shoreline in Maryland.

B. Assessment and Mitigation of Impact

Environmental impact assessments are carried out by the Maryland Power
Plant Siting Program. These assessments consist of predictions of the effects
of the power plant construction and operation, evaluations of the impact
of these effects upon the aquatic rescurces of the State and determination
of measures to minimize adverse impacts.* At several existing plants there are
monitoring programs for detecting and quantifying these effects and for measur-
ing and analyzing their impact.

For new plants, after regional surveys have quantified the existing popu—
lations, the local impact of each effect 1s predicted and related to regional
impact on populations of affected organisms. The aquatic impacts are, as
mich as possible, described in terms of percent reduction of local and re-—
gional populations, the possible indirect effects on other organisms, and the
impact on man's use of the resources. Where appropriate, a sensitivity analy-
sis is performed to reveal the consequences of uncertainties in knowledge or
assumptions. Feasible alterations in plant design which might reduce impacts
are evaluated with respect to benefits and costs. Those alterations which
are found to have sufficient benefits are recommended to the appropriate regula-
tory agency (e.g., the Public Service Commission or the Nuclear Regulatory
Commission) for incorporation inte the decision process for a construction
permit. For example, in the course of the detailed site evaluation of Douglas
Point, a plant design alternative was identified which would reduce the water
withdrawn from the Potomac River by a factor of three. Entrainment of fish
egegs and larvae would thus be reduced by the same factor. This proposed de-—
sign alternative was accepted by the utility. Sometimes detailed predic-
tions of the most probable impact are not possible, and a conservative
analysis must be used (e.g., assuming 100% mortality of impinged fish where
no specific mortality studies have been done).

The monitoring phase consists of detection and quantification of power plant
effects, and evaluation of the significance of these effects in altering resource

* An effect is a measurable change. An impact is an effect that is judged to
be significant. .
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Figure III-3. Spring and autumn salinity distributions in the Chesapeake
Bay. From: The Chesapeake Bay in Maryland. Editor Alice Jane
Lippson. The Johns Hopkins University Press. Baltimore. Copy-
right 1973 by the Johns Hopkins University Press (by permission).
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