5. AQUATIC EFFECTS

The withdrawal, treatment and discharge of power plant
cooling water involves a number of biological stresses. Organ-
isms passing through a cooling system ("entrained") are exposed
to abrupt thermal and pressure changes, abrasion, and often,
biocidal chemicals. Some larger biota get caught against the
mesh screens ("impinged") guarding intakes. Discharges can
locally alter a receiving body's ability to support aquatic
communities.

Chesapeake Bay and its tidal tributaries are Mary-
land's primary source of cooling water. Prospects of new and
larger power plants have heightened concern over whether
bower plants will cumulatively reduce the sustained yield of
fisheries through a gradual but progressive impact on water
quality.

Methods for assessing biological impact are quite
new, and data reliability and interpretation is, as often as
not, arguable. Quantitative work has been largely site-
specific. Theoretical or empirical techniques for extrapo-
lating localized findings to the larger areas appropriate to a
cumulative evaluation are still in a trial stage. The
aquatic impact of Maryland power plants are discussed against
this background.

A. Bources of Aquatic Effects of Power Plants

For brevity, this discussion deals with type of
impact deemed to be the most important relative to an evalua-
tion of cumulative impact of Maryland power plants. Character-
istics of major sources of aquatic effectgs are summarized in
Table 5.1. More detailed introductions are given elsewhere
(1 - 3).

1. Impingement

Cooling water is drawn into the plant past 3/8-in
mesh screens which block suspended debris. Organisms too
large to pass through the mesh openings may be pinned on the
screen by water velocity -- a prospect that is markedly
greater when fish are weakened by disease, abnormal seasonal
stresses, etc. When the screens are rotated for cleaning,

a fraction of the impinged organisms are injured while others
will successfully be returned to receiving waters through a
bypass conduit.



TABLE 5.1

MAJOR TYPES OF AQUATIC EFFECTS OF
POWER PLANT OPERATIONS

Sources of Primary Susceptable Class of Stress
Effects Organisms Mechanical Thermal Chemical
Impingement Juvenile fish, crabs X - -
Entrainment Ichthyoplankton? X X be

ZooplanktonP

Phytoplankton€
Discharge Adult and Juvenile - X X
Effects Fish, Benthicsgd

Shellfish

aEggs and larvae of fish
DPMinute animals present in the water column

CMinute plants present in the water column
dOrganisms living in or on the bottom

Blue crabs and juvenile fish are the Bay biota most
susceptible to impingement. Impingement mortality of hard-
bodied crabs is too slight to significantly affect this
ubiquitous population (4). Fish kills due to impingement have
occurred in several estuaries on the Atlantic seabocard (2, 3}.
These often involved juveniles whose swimming ability was
impaired by low water temperatures or low dissolved oxygen.
Fish have been noted to congregate in the intake embayments of
some Maryland (Morgantown and Calvert Cliffs) plants. Maryland
has experienced a few such episodes to date: indications are
that these were associated with periods of low dissolved
oxygen.

Engineering efforts to reduce the likelihood of
impingement have led to intake designs intended to be less
attractive to schooling fish {5). Trial use of bubble screens
and underwater sound generators to repel fish from the intake
area have met with mixed success (6).

2. Entrainment

During their passage through a cooling system, en-
trained organisms are abruptly heated in the condenser tubes
(average temperature rise is 12°F). Biological response to



this heating is a function of the temperature rise. (aT),

the ambient temperature itself, and the length of exposure to
elevated temperatures. A common way of expressing thermal
stress is "dose" -- the product of temperature rise (in °C),
and duration of exposure {in seconds). Power plant operations
in Maryland encompass a large spread of dose values: from 1,277
degree-seconds at the Gould Street plant to 79,200 degree-
seconds at Chalk Point. Plants with long effluent canals, such
as Chalk Point, retain the heated water longer, thus increasing
dose. High velocity discharges, like the one used at Calvert
Cliffs, rapidly dilutes the effluent and thereby reduces dose.
Cooling towers (used at Benning Road, for example) recycle
cooling water, greatly prolonging the thermal dose: the volume
of cooling water used is only a few percent of that withdrawn
by a once-through system with the same cooling capacity.

Entrained organisms also experience shear and pres-
sure forces. These mechanical stresses and their consequences
have not been well quantified.

In many plants, biccides (primarily chlorine) are
added to cooling water to prevent biofouling in the condenser
system. The amount of chlorine used depends on many factors,
including volume of cooling water, ambient water quality, water
temperatures, concentrations of organisms in the cooling
water, and levels of amino compounds. In general, plants
located in more saline areas use more chlorine than those on
freshwater. Amounts of chlorine used by Maryland power plants
are shown in Figure 5.1.

0f the three kinds of stress, thermal, mechanical
and chemical, thermal appears to be the least ecologically sig-
nificant for the temperature rises ( AT's) found at Maryland
power plants (7). The results of several recent studies sup-
porting this conclusion are summarized in Table 5.2. Thermally-
induced mortalities, if any, occur during the summer when
water temperatures are maximal. However, mechanical stress
causes significant mortality to entrained fish larvae at all
times (7). When chlorine is used, it causes mortalities among
several types of plankton (cf. Table 5.3) (7 - 10).

The contribution of each stress mode to impact is a
function of the volume of flow of cooling water and the AT
of the plant. If the flow is decreased, entrained organisms
will experience a higher AT, but fewer will be exposed to
mechanical and chemical stress.

3. Discharge—Related Effects

The dispersion of thermal discharges has been modeled,
studied, and debated for many years. Potential environmental
effects have been described in great detail (3). The consensus
is that benthic communities (bottom dwellers) are the most

5-3



POUNDS CHLORINE USED IN 1974 PER KILOWATT PLANT CAPACITY

FIGURE b.1

CHLORINATION RATES VERSUS COOLING FLOW
RATES FOR ONCE-THROUGH SYSTEMS IN
MARYLAND AREA PLANTS FOR 1974
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prone to heat-plume impact because, being immobile, they have
constant exposure. To date, no documented deleterious thermal
plume effects of a significant nature have been reported in
Marvyland.

Aquatic life, from algae to finfish, are sensitive
to chlorine and its long-lived residuals (16). Clam larvae may
suffer mortality from levels as low as 1 ppb of chlorine
residuals; adult spot, a common Bay fish, die at levels of 0.2
ppm (Table 5.3) (10). Calculated chlorine residual concentra-
tions in the discharge canal at Morgantown during normal
operations ranged from 0 +to 0.5 ppm, overlapping the lethal
concentrations for some organisms (Table 5.3) (17). No chlorine-
related mortality was found by field examination. The single
documented chlorine-related kill in Maryland occurred at PEPCO's
Chalk Point plant in the late 1960's (3). Forty thousand crabs
in the discharge canal of the plant were killed by what may
have been faulty chlorination schedules or release of toxic
waters stored during a period of shutdown. The kills were
eliminated by more careful scheduling of operations.

TABLE 5.3

TOLERANCE LEVELS (TLggp) OF AQUATIC ORGANISMS FOR
CHLORINE RESIDUALS

Organism TLgg Exposure Time
Clam larvae 1 ppb 96 hours
Oyster larvae 5 ppb " "
Copepod - Acartia tonsa 50 ppb " "
Spot 0.2 ppm " "
Grass shrimp 0.3 ppm " "
Pipefish 0.3 ppm " "
Algae 0.6 ppm 4 hours

Level at which shell
production in adult
oysters is reduced
50% 5 ppb 48 hours

Source: Reference 10



Maryland State water gquality regulations limit the
total discharge of chlorine residuals to 0.5 ppm in tidal
waters. Maryland power plants are operating within these
limits. Sewage treatment plants in Maryland use about 25 mil-
lion pounds of chlorine annually compared to approximately
2 million pounds by Maryland power plants. Because of the
potential impact of chlorine, alternative biolfouling control
techniques (mechanical cleaning -- Amertap system, bromine
chloride) are being tested by power companies and in Federal
and State laboratories.

Regulations recently promulgated by EPA will limit
chlorine discharges to an average concentration of 0.2 ppm
after 1 July 1977.

B, Distributions of Aquatic Resources With Respect to Power

Plant Sites

Regional power plant impact is a function of individ-
ual plant characteristics and the relationship of plant sites
tc the location and sensitivity of important fisheries.

l. Aquatic Resources

Commercial and recreational fisheries figure prom-
inently among the natural resources of the Bay. Table 5.4
lists the commercial landings for the period 1972-74. This
list includes most estuarine species of particular recreational
value.

Important shellfish are estuarine or marine (i.e.
occur only in saline waters). Finfish can be divided into three
separate groups: freshwater (e.g., catfish and bullheads),
marine or estuarine (e.g., spot, seatrout, menhaden), and
anadromous (e.qg., alewives, shad, and striped bass). The latter
group consists of fish which migrate into freshwater to spawn
but spend most of their lives in estuaries or at sea. As
noted in Table 5.4, the dollar value of anadromous fish com-—
prises over 60% of the value of all fish taken.

Freshwater species like sunfishes are omitted from
the list because the restricted movement of these species makes
it unlikely that cumulative effects can be expected from power
plant operations. Locations of existing and proposed Maryland
plants overlap only slightly the habitats of the freshwater
species.

2. Resource Distribution in Relation to Power Plant Sites

The Chesapeake Bay is a tidal estuary. Nutrient-
rich runoff moves down the tributaries to mix with intruding
seawater. Maryland's portion of the Bay has salinities ranging
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FIGURE 5.2

POWER PLANTS IN RELATION TO THE ECOLOGY OF THE ESTUARY
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from fresh (0 parts per thousand) to about 20 ppt (2/3 the
salinity of undiluted seawater). The salinity gradient from

the head of the Bay to its mouth largely controls habitat use.
Figure 5.2 encompasses salinity regimes with zones of biological
activity of estuaries, and the location of existing and pro-
posed electrical generation.

The strong influence of salinity on the finfish
life stages is illustrated in Figure 5.2. Some anadromous
fish (e.g., striped bass) spawn in freshwater just above the
fresh-saltwater interface: others (e.g., alewives) move up in-
to the headwaters of the tributaries. Striped bass and Ameri-
can shad spawn for relatively short times (usually late spring)
and use well-defined areas for this purpose (Figure 5.3).
Ocean spawners (e.g., bluefish and croaker) enter the Maryland
Bay at the post-larval stage. Juveniles of most important
species favor salinities of 0 - 10 ppt -- which encompass approx-
imately one-half the Bay. Adults range over all salinities.
The distributions of all life stages change seasonally, as
illustrated in Figure 5.3 for the striped bass.

Commercially important shellfish are seldom found in
harvestable numbers in waters with salinity less than 5 prt.
The preponderance of proposed and existing generating capacity
in the State is situated on waters of less than 5 ppt salin-
ity (Figure 5.2), so that commercial shellfish bars should not
come under the influence of power plant operations.

C. Impact of Power Plants on Resources

Potential power plant impacts to a living resource
include: (1) killing at some life stage; (2) excluding an
organism from an essential habitat (e.g., spawning area); and
(3) depriving or depleting food organisms.

Of these, the impact most directly evident involves
kills of adult and juvenile fish (2, 3). Regional impacts
from such kills are negligibly slight unless they occur chron-
ically and in areas where fish concentrate (e.g., spawning
grounds). The small number of impingement episodes recorded in
Maryland is not of this latter type.

Repeated kills of shad, herring, and alewives oc-
curred during the 1960's at the Conowingo hydroelectric generating
station on the Susquehanna. Springtime kills of spawning
anadromous fish occurred below the dam when the turbines were
shut off at night, and no water passed the dam site. The
cause of mortality was traced to a depletion of dissolved
oxygen by fish massed at the foot of the dam during spawning
runs (18). These kills have not been repeated since an agree-
ment between the utility and the Maryland Department of Natural
Resources went into effect, guaranteeing a continuous minimum
flow of 5,000 cfs through the dam during the spawning season.



FIGURE 6.3

DISTRIBUTION OF STRIPED BASS IN RELATION TO POWER PLANTS IN MARYLAND
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A potential for adverse power plant effects on a
regionally significant scale involves loss of fish eggs or
larvae. Much of the State's present and proposed generation is
located on salinities similar to those used for spawning and
nursery grounds (cf. Figure 5.2). Shellfish populations are
not prone to depletion by entrainment because their spawning is
widespread: oyster spat or clam larvae produced in one region
can migrate appreciable distances before settling. These can
compensate for local power plant-induced attrition. Finfish
stocks supported by ubiquitous spawn, for example, the white
perch, are buffered against localized impacts. This is not
true of striped bass whose population vulnerability is magni-
fied if their relatively few spawning grounds come under stress.
Bass spawn only once in a normal year, and growth to sexual
maturity takes 3-5 years, so regeneration cycles are reckoned
in half-decades. How loss of some fraction of a year's eggs
and larvae translates into a subsequent reduction of the har-
vestable fishery is the subject of intense study. This infor-
mation is essential for linking power plant entrainment
{(which is measureable) to future resource availability.
Elaborate mathematical simulations of fishery dynamics do not
compare well with field data (19). The tempo of research on
this topic has increased substantially in the last two years.

Migration route blockage by heated effluents is
mentioned frequently as being one of the more ecologically
disruptive side effects of power generation. Extensive moni-
toring of Pacific salmon and Zmerican shad movement past power
plants have detected no modification of migration patterns
(20, 21). In fact, accumulating evidence from estuaries around
the country fails to confirm any cases of this purported
mechanism.

Exclusion refers to a discharge's rendering a habitat
unsuitable for one or more kinds of indigenous biota. The
rate of power plant discharge is a few percent of natural cir-
culation in the usual estuarine situation. Dilution gquenches
the excess temperature rapidly when discharge structures are
designed properly. At Morgantown, the mixing zone between
heated discharge and ambient water is estimated to extend
1,500 to 2,000 ft out from the plant (17). The consequences
of excluding organisms from an area this small would not be
significant.

Zooplankton and phytoplankton, the bases of the food
chain of the Bay, comprise most of the organisms suffering
entrainment mortality. Any depletions in these food chain
organisms are a transient phenomenon {5) because of their very
short generation times. Phytoplankton reproduce in 12 hours,
and zooplankton reproduce in 2 - 3 days (17).

Forage fish (e.g., menhaden, bay anchovies), occupy-
ing the middle of the food chain, are not capable of rapidly
recouping population losses from power plant damage like the



plankton on which they feed. The resiliency of their popula-
tions results from their ubiquitous abundance and non-localized
spawning distributions (22, 23}.

D. Maryland Power Plant Characteristics

Some characteristics of existing Maryland power plants
pertinent to aquatic impact are listed in Table 5.5 and dis-
cussed in detail below. Other information relating to these
plants and proposed plants is provided in Figure 3.1 of Chapter
3.

The ratio of cooling water flow to receiving body
flow determines entrainment probability and dilution of dig-
charge pollutants. The potential for dilution in an estuary
is greater in its lower reaches where circulation is more vig-
orous. Most existing plants are located in the middle reaches
of their estuaries (see Figure 5.2) where flows are many times
greater than cooling water flows.

Several newer plants have incorporated into their
design ecologically motivated engineering features, including
curtain walls, mechanical cleaning, and augmentation pumping.
The two newest Maryland plants (Morgantown and Calvert Cliffs)
have curtain walls. These structures extend down into the water
column from the surface at the entrance to the intake embay-
ment. Their function is to insure that cooling water is with-
drawn from the bottom of the water column, where water temper-—
atures and densities of organisms tend to be lower than at the
surface.

These two plants also use mechanical scrubbing
sponges (Amertap system) for cleaning condenser tubes. This
allows minimal use or elimination of chlorine for biofouling
prevention.

Chalk Point and Morgantown use augmentation pumping,
mixing water from condensers with additional cooling water
prior to discharge. The intent of this blending was to meet a
90°F maximum discharge requirement. This practice has been
found to be ecologically counterproductive because larger
numbers of organisms are exposed to plant stress (17).

E. Resource Characterization of Plant Sites

The juxtaposition of power plant sites and resource
habitats vital to valuable aguatic species determines the degree
of risk to important fisheries. As mentioned earlier, the fish
most imperiled are those whose major spawning or nursery
grounds are subject to power plant-induced perturbations.

1. Hydroelectric Plants

Conowingo Hydroelectric Station has been implicated

(%)
1

13



TABLEB.5
SOME PARAMETERS FOR OPERATING MARYLAND POWER PLANTS RELATING TQ AQUATIC STRESS

Average .
Annual Average A ;ruﬁ!e_of _
Chlori verage ecaiving =
e w“‘(’;f;'wc Flow of Body (1) P s |82
Unit {Ib/kw} Typical § Racaiving | Receiving ';E T £ E 5
o Completion Thermal Dose: With- | Through Watel Water Outfall | G § £ [ 5
Utility Station Dates 1972 | 1974 | D=AT (°Fixtisec)® | drawn ! Condenser {cfs) Body Width | Depth | O g | =
APSCO ; R.P.Smith 192358 o 0 2,520 B84 300 125.1 1211 3141 Potomac 700 0 X
BG+E C. P. Crane 196163 0 0 16,422 11 1,428 | 636 838 Tidal Seneca Cr. 1,320 1 X
(Patapsco)
8G+E Gould 5t, 192652 | 0.92 0.08 1,277 13.3 4] 237 237 Tidal Patapsco 5,300 4 X
BG+E Rivarside 1942-53 | 0.45 0.16 2970| 15 198 | 486 4186 Tidal Patapsco 8,000 8 X
BG+E | H.A Wagner | 1956-72 | 042 | 043 2406| 13 192 | 1,471 1471 | Tidal | Patapsco | 10,600 | #1-6:6 | X
{max} 4:15
BG+E | Westport 1905-50 | 0.78 | 0.04 2864] 133 182 | 353 353 Tidal Patapsco 2200 | 45 x
BG+E Calvert Cliffs 1974— - Q 2,400 10 240 2,754 2,754 Tidal Ches. Bay ; 26,400 20 {o) X X
{one unit}
Dimrva | Vienna 1928-T1 0 0.08 NA 12 NA 130 124 Tidal Nanticoke +,000 15 X
PEPCO | Benning Rd. 1906—72 | 0.1 0,14 NA #10-12: | NA 266 520.1 Tidal Anacostia NA 2
10
#13:17
#15.16:
240
PEPCO | Buzzard Point | 1933—45 ;0.004 | 0.09 NA 10 NA 155 155 Tidal Anacostia NA NA
PEPCO | Chatk Point i 1964—65 1.02 1.20 79,200 11 7,200 871 696 Tidal Patuxent 6,200 NA X
PEPCO | Dickersan 1959-62 | 0.13 | 0.06 4,800 16 300 | 584 553 9810% | Potomac 600 | 8 X Il
PEPCO | Morgantawn 197071 044 | 0.26 24,000 10 2,400 2,229 2,222 Tidal Potomac 10,000 20 X X b4
PEPCO | Potomac River | 194957 |0.29 0.23 NA 14 NA 520 518 Tidal Potomac NA NA
! VEPCO | Possum Paint 194862 0 0 6,278 14.6 430 | 522 522 Tidal Poiomac NA 2

Source of data (except for columns labeled "' Typical Summer Dose,” "' Curtain Wall,"” and “Mech, Cleaning’') = "'Steam-Electric Plant Air and Watsr Quatity Contrel Data for the Year Endad
Decernber 31, 1974 for each Utility, as reported to the Federal Fower Commission, and the 1972 chiarination date, which was obtained from Reference 47. AT{°F) = average temperature

+isa over condenser for 1974 as reported for each plant to the FPC except for Chalk Point, Oickerson, Morgantown and Calvert Cliffs where design temperature rises are used. AT's for Benning
Rd., Buzzard Pt, and Potomac River from PEPCO, Calveri Cliffs data from BG+E,

¥ ncludes retention time in effiuent canals.
bAPSCO = Allegheny Power Service Corporation; BG+E = Baltimare Gas and Electric Company; Delmarva = Delmarva Power and Light Company; PEPCO = Patemac E lectric Powar Company:

VEPCO = ¥irginia Electric and Power Company.
“Once-through caoling systems, with the exceptions of Vienna and Benning Road, which utilize machanical draft cooling towers for 1% and 72%. respectively, of their generation.

drha flushing rates (and biological regeneration times) of tidal, stratified systems are currently Deing investigated: this is Impertant 16 know bacause the relative ¥mpact 1o an ecosystem
depends upon the percenitage of natural flow 1aken into the power piant,

%Source of data: Patrick N. Watker, Flow Characteristics of Maryland Streams,”" Maryland Geologicat Survey, Report of Investigaticns, Na. 16, (19711,

fDickerson has ability to back-flush on-line,

EDi:at:harge runnel



as a source of impact to major resource species. Fish kills at
Conowingo have been accompanied over the years by declines in
runs of shad and alewives (18). Declines have also occurred in
other rivers along the Atlantic Coast (24). Thus, the plant
may not be the responsible factor in the Susquehanna. No kills
have occurred there since new operational procedures were
implemented in 1971, and no additional cumulative impact would
be expected in the future.

2. Non-Tidal Freshwater Power Plants

R. P. Smith and Dickerson, both on the Potomac, are
relatively old plants of low- to medium-generating capacity
(Table 5.5). Fish around these plants are typical warm-water
varieties (e.g., sunfish, catfish) common to local rivers (25).
Planktonic organisms occur in normally low densities, and
common freshwater benthic organisms are present (25-27). Peri-
odic flooding is the determining factor limiting productivity
in this area (27).

3. Baltimore Plants

These plants are situated on the Patapsco River and
its tributaries and Seneca Creek (see Figure 3.1). This part
of the Bay is not a spawning ground of consequence (28). White
perch, the most common fish (28), are found virtually through-
out the Bay and spawn in nearly all tributaries (22). The
entire region is closed to shellfishing (30). With the excep-
tion of Wagner and Crane, these plants are all older than 20
years, are used for peaking service, and are likely to see less
service as Calvert Cliffs increases generation.

4. Washington Plants

Urban runoff, farm runoff, and sewage discharges have
created chronic oxygen deficiencies in these waters (31).%
This decline in water quality has been reflected in a reduction
in diversity and abundance of fish (32 - 34) to the extent that
no viable fisheries remain.

*The depletion of DO in Maryland waters due to urban runoff and
oxygen demand of sewage is demonstrated by EPA studies of water
quality in the Potomac River around Washington, D. C. (48 - 52).
Data for 1971, the most recent available, show an average sum-
mer DO concentration of 7.7 ppm in the upper Potomac (i.e., from
Chain Bridge to Indian Head), and 8.1 ppm riverwide (52). At
one location in the upper Potomac, however, measured DO levels
in the summer were below 1.0 ppm. In comparision, DO levels in
the Potomac estuary at Maryland Point, site of the proposed
Douglas Point nuclear power plant, have never fallen below 5 ppm,
and averaged 7.0 ppm for the period 1962-1971. The EPA Water
Criterion for the Protection of Aquatic Life is 4.0 ppm DO at all
times to protect most species (48).
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5. Estuarine Plants

Morgantown and Possum Point are both located near
regions of the Potomac River used by striped bass for spawning.
Salinities at Morgantown are too low for important shellfish and

too high for the spawning of important finfish (36). Few
striped bass eggs and larvae were taken at the plant intake
during repeated studies of entrainment (35). Too few larvae

are entrained to constitute a threat to the population (39).

Recent work (39) indicates that Possum Point entrains
a maximum of approximately 2% of striped bass larvae produced
annually. Possum Point is situated above major shellfish beds.

The Nanticoke River, location of the Vienna plant, is
a striped bass spawning ground. Recent expansion of the gen-
erating capacity of that site was accompanied by construction
of cooling towers to minimize withdrawals. Striped bass eggs
and larvae are entrained at this plant (40). Consequences of
this entrainment are presently unknown.

Calvert Cliffs is the State's only nuclear power
plant. Extensive preoperational studies have documented the
absence of spawning or concentrations of important species at
this site (4, 41l). This plant is being closely monitored by
State, Federal, and utility investigators (37).

Sporadic kills of fish and crabs have occurred at
Chalk Point (in the late 1960's), possibly related to discharged
chlorine (3). The greening of oysters as a result of heavy
metal discharge was associated with start-up operations (38),.
These episodes have not recurred. Only goby and anchovy
larvae were found among entrained species at Chalk Point in
recent studies (43). Thus, this plant is likely to be exerting
minimum impact on important species.

F'. Proposed New Generating Facilities

Of proposed new generating capacity, only one
completely new facility and expansions of four existing facil-
ities are expected to be completed in the next ten years.

Brandon Shores, the new facility, will be located on
a tributary of the Patapsco River in tidal, low salinity waters.
As such it can be considered a member of the Baltimore metro-
politan area group of plants. The expansion of the Riverside
and Perryman plants fallsinto the same category. Extensive
studies of the aquatic biota of these areas have been made
(28, 29, 44 - 46). Following the arguments presented earlier,
these new plants can be expected to contribute minimally to
impact on Bay resources.

The additional expansions will be constructed at



Dickerson (Potomac River) and Chalk Point (Patuxent River).

New units at both these facilities will have closed circulating
systems utilizing cooling towers, as will the plants discussed
above. As a result, additional cooling water withdrawals will
be minimal, and they are not expected to contribute to increased
aquatic impact.
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6. RADIOLOGICAL EFFECTS

The paramount concern in siting nuclear power plants
is the potential for radiological hazard to surrounding popula-
tions. Risk to the public is minimized by rigorous control in
siting, design, construction, and operation of reactors (1).
Susceptibility to natural and man-made disasters is considered
in siting and design so as to minimize chances for accidental
releases. Local meteorological parameters, population densities,
and evacuation mobilities are taken into account. Normal
operations are governed by detailed technical specifications
which limit the public radiation dose from normal releases to
the lowest practicable levels (2).

A. Status of Nuclear Power in Maryland

The era of nuclear power in Maryland began with the
recent start-up of Unit 1 (845 Mw) at Calvert Cliffs. A second
unit is scheduled for completion in 1977. Several nuclear
sites are mentioned in the current Ten-Year Plan of the Public
Service Commission (Exhibit B). Firm construction schedules
have been projected for only one of these (Douglas Point). The
potential sites are: Douglas Point on the Potomac River {(two
beoiling water reactors totaling 2,200 Mw); the Chesapeake
City site on the C & D Canal (high-temperature gas-cooled
reactors rated at 2,620 Mw); and a station to be located at
either Black 0Oak or Point of Rocks on the upper Potomac River.
All of the above are located in Figure 3.1.

Detailed site investigations at Douglas Point were
initiated in the spring of 1973 by PPSP, utility, and AEC
teams. Ecological, meteorological, and geological data have
been collected for more than a vear in preparation for PSC and
AEC (now NRC*) hearings. Current estimates are that the earliest
Douglas Point Unit I could begin commercial operations would
be 1985. Tight money and slackening demand growth prompted
cuts by BG&E and PEPCO (5), casting uncertainty on target dates
for completion of Calvert Cliffs Unit 2 and possible construction
of Douglas Point.

B. Siting and Operating Standards

An abbreviated outline of AEC criteria for siting and
operating nuclear power plants appears in Table 6.1. In addition
to these requirements, there are guidelines regarding allowable

*The regulatory functions of the Atomic Energy Commission were
formally assumed by the new Nuclear Regulatory Commission in
early 1975. Hereafter, the acronyms NRC and AEC will be used
accordling to the dates of the activities considered.
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demography at nuclear sites. A total population of 8,000 within
the low population zone has been considered a maximum

(6). More recently, the AEC* has spoken of requiring special
justification for low population zones less than two miles in
radius and exclusion zones less than 0.4 miles in radius (7).

The AEC is also developing a technique for comparing population
distributions out to distances of 30 miles or more. This tech-
nique involves computing a "site population factor"™ (SPF) which
sums the populations at various distances from the plant,
weighted according to an approximation of meteorological dis-
persions at each distance, and then compares the sum to that
which would be computed for a uniform population density of 1,000
persons/square mile (8). The AEC has identified a SPF of 0.500
(equivalent to a uniform population density of 500 persons/sguare
mile) as the limit for a site. Beyond this limit, the site
would require additional justification. (A SPF of 0.500 at two
miles is consistent with 8,000 people within two miles,) Figure
6.1 shows the SPF values (for the 30-mile distance) as functions
of location in the State.

In addition to population density, the suitability of
any given site for a nuclear plant may be influenced by its
proximity to hazardous human activities such as operations at
airports, military reservations and heavy chemical industry.
Natural features such as geologic faults may also affect site
suitability. Major geologic features which may constitute
potential site safety concerns within the State are identified
in Figure 6.2. The acceptable distance from such features to
a site can be determined only after detailed analysis.

By combining the information in Figures 6.1 and 6.2
with the dedicated lands depicted in Figure 7.3 and the re-
quirements for adequate cooling water supply, it can be seen
that relatively small portions of the State appear favorable for
siting nuclear plants. Individual sites within the remaining
areas may still be disqualified on the basis of site-specific
features such as flood plains, ground water transport, unigue
wildlife habitats, and potential for subsidence, to name only a
few concerns. Those sites which are suitable must be assessed
for technological, ecological and sociological costs and bene-
fits on a site-gpecific basis before those best suited for
supplying new power to a projected load center can be identified.

It should be noted that Table 6.1 is an abbreviated
version of NRC criteria. Envirconmental and engineering data
satisfactory for NRC documentation typically £ill 10-12 volumes.
Predictions of population dose, for example, involve estimating
deliberate and anticipated accidental releases of specific nuclides,
dispersion and decay in water and in the atmosphere, possible
biocentration, and human uptake and rejection rates. Figure
6.3 shows schematically the competing processes influencing
aquatic vectoring of nuclides. Relative importance of the
branching pathways in the Figure depends upon, among other



TABLE 6.1.
ABBREVIATED AEC CRITERIA FOR SITING AND OPERATING NUCLEAR POWER PLANTS?

Definitions
Microcurie (p.Ci) = 37,000 disintegrations per second.
Curie = 37 billion disintegrations per second.
rad = 100 ergs per gram of absorbing material.
rem = {rad)(rbe).
rbe = relative biological effectiveness of the radiation. For
most gamma and X-radiation, rbe =1,

Standards for Release of Radioactive Wastes

The basic standard is a limitina dose to any individual of 0.5 rem
whole body/yr and 0.17 rem/yr to a segment of the generai
popufation. These limits are related to permitted concentrations of
250 radionuclides in the air and water near a nuclear reactor. An
applicant for a reactor license must either assess the individual
nuciides present in an effiuent and see that their collective concentra-
tions satisfy this relationship or hold the entire activity level below
1 x 107 JCiimi.

Acceptable concentrations for air emissions for some radionuclides,
notably those of iodine and strontium, are especially low to compen-
sate for concentrating mechanisms in terrestrial food chains. Aquatic
food chain cencentrating mechanisms are not refiected in the water
standards. Permitted concentrations in seafood are the same as for
drinking water. At present, there are no firm recommendations on
how to relate permitted seafood concentrations to acceptable con-
centrations in sea water,

AEC practice has been to require utitities to meet certain well-de-
fined standards, and beyond this, to limit the plant’s effluent to the
“lowest practicable level,” Recently, it has been proposed to make
this “lowest practicable” aperating principle guantitative by insur-
ing that the dose received by an individual is less than 5% of the na-
turat background dose (or specificaily less than 5 mrem/yr}. Plant
designs will probably be considered acceptable if the dose 1o in-
dividuais from air emissions is less than 5 mrem per year and from
water emissions is lesg than & mrem,fyr.'fJ

Factors to be Considered When Evaluating Sites

Factors considered in the evaluation of sites include those relating
both to the proposed reactor design and the characteristics peculiar
to the site. It is expected that reactors will reflect through their design,
construction, and operation an extremely low probability for acci-
dents that could resuit in release of significant quantities of radio-
active fission products. In addition, the site location and the engi-
neered features included as safeguards against the hazardous conge-
quences of an accident, should one occur, should insure a low risk of
public exposure. In particular, the Cornmission will take the follow
ing factors into consideration in determining the acceptability of a
site for a power or testing reactor:

{a) Characteristics of reactor design and proposed operation in-
cluding:

{1) Intended use of the reactor including the proposed maxi-
mum power level and the nature and inventory of contained radio-
active materials;

{2) The extent to which generally accepted engineering
standards are applied to the design of the reactor;

{3) The extent to which the reactor incorporates unique or
unusual features having a significant bearing on the probahility or
conseguences of accidental release of radioactive materials;

(4) The safety features that are to be engineered into the
facility and those barriers that must be breached as a result of an acci-
dent before a release of radioactive material to the environment
can oceur,

{b) Population density and use characteristics of the site environs,
including the exciusion area, low population zone, and population
center distance. The applicant is required to identify for this purpose:

{1) An exclusion area within which the "'licensee must have
the authority to determine all activities including exclusion or removal
of personnei and praperty from the area.”” Activities unrelated to
operation of the reactor may be permitted 10 an exclusion area under

appropriate limitations, but the licensee must be in a position to
clear the area promptly in the event of an emergency. For example,
the area may be traversed by a highway, railroad, or waterway, pro-
vided these are not so close to the facility as to interfere with normal
operations of the facility and provided appropriate and effective
arrangernents are made to control traffic on the highway, railroad, or
waterway in case of emergency,

(2) Alow-population zane in which the “total number of resi-
dents and the population density are small enough {so that} measures
could be taken in their behalf in the event of a serious accident.’”

AEC regulations do not specify a permissible population
density or total population within this zone because the situation
varies from case t0 case. Whether a specific number of pecpie can,
for example, be evacuated from a specific area or instructed to take
shelter on a timely basis will depend on many factors such as lo-
catign, number and size of highways, scope and extent of advance
planning, and distribution of residents within the area.

{3) A population center distance which is the “distance from
the reactor to the nearest boundary of a densely populated center
containing rmore than about 25,000 residents.”

{c) Physical characteristics of the site, including seismology,
meteorology, geclogy and hydrolagy.

(1) The design for the facility should conform to accepted
buitding codes or standards for areas having equivalent earthquake
histories. No facility shouid be located closer than one-fourth
mile from the surface location of a known active earthquake fault.

(2) Meteorological conditions at the site and in the surround-
ing area should be considered,

{3} Geological and hydroltogical characteristics of the pro-
posed site may have a bearing on the consequences of an escape of
radioactive material from the facility. Special precautions should
be planned if a reactor is to be located at a site where a significant
quantity of radioactive effluent might accidentally fiow into near-
by streams or rivers or might find ready access to underground
water tables.

(d) Whare unfavorable physicat characteristics of the site exist,
the proposed site may nevertheless be found to be acceptable if
the design of the facility includes appropriate and adequate com-
pensating engineering safeguards,

(e} Asanaidin evaluating a proposed site, an applicant should
assume a fission product release from the core, the expectad
demonstrable leak rate from the containment, and the meteorological
conditions pertinent to his site to derive an exclusion area, a low -
population zone and population center distance. For the purpose
of this analysis, which shall set forth the basis for the numerical
values used, the applicant should determine the size of an exclusion
area such that an individual located at any point on the boundary
for two hours immediately foilowing onset of the postulated
fission product release would not receive a total radiation dose to the
whole body in excess of 26 rem or a total radiation dose in excess
of 300 rem to the thyroid from iodine exposure. Similarly, the
size of the low population zone is determined such that an indi-
vidual located on the boundary for 30 days immediataly foliowing
the postulated release would not receive a radiation dose in excess
of these values. The minimum allowable population center distance
is taken as 1-1/3 times the distance to the boundary of the low pop-
ulation zone.

No state may impose regulations more stringent than those set
by the AEC.

The specified dose is a whole body dose. The limit for skin is 15
mremy/yr/person, and for the thyroid, 15 mrem/yr/person.

b.
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things, chemical and physical properties of the radionuclide
in question.

FIGURE 6.3

VECTORING OF RADIOACTIVE WASTES THROUGH AN AQUATIC ENVIRONMENT
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C. Dose Estimates

Radiocactive effluents from power reactors in the State
will be monitored by the utilities and consulting laboratories
{under NRC supervision) and by teams from the Department of
Health and Mental Hygiene and the Power Plant Siting Program.
Design production and release levels of radwaste are covered by
NRC licensing provisions; actual operating levels will be
measured in the plant prior to release. Related preoperation
phases of monitoring include computation of the dilution and re-
concentration factors used to predict dose commitments from
emission levels, and measurements of ambient radioactivity, e.g.,
tritium levels in water and radioiodine in local milk. Pre-
operation measurements are necessary to establish a base-line
upon which to compare environmental concentrations during opera-
tion. Because fluctuations in natural radioactivity and fallout
tend to be larger than increments due to nuclear power generationm,
extensive sampling programs must be carried out to ensure statisti
cal validity and to separate plant effects from regional trends.
Preoperational monitoring was carried out at Calvert Cliffs for
more than three vears (9).

Since 1969, when the Governor's Task Force Report
first issued estimates of radiocactive emissions from the Calvert
Cliffs plant (10), data gathered from operating reactors has
allowed the AEC to refine its predictive models and update
emissions estimates. The last predictions, published in April
1973, are presented in Table 6.2 (11}, and are about one-third
of the 1969 estimates for aqueous releases of tritium, fission
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TABLE 6.2

CALCULATED ANNUAL RELEASE OF RADIOACTIVE
MATERIAL IN LIQUID CEFFLUENTS FROM CALVERT CLIFFS
NUCLEAR POWER PLANT

Radionucliide Ci/yr/unit
Rb-36 0.0013
S5r-8% 0.0012
Sr-go 0.00004
Y-90 0.000054
¥Y-91 0.25
Zr-95 0.0002
Nb-95 0.0002
Mo-99 0.1
Ru-103 0.00014
®’h-103m 0.00014
Rh-105 0.000023
Ru-106 0.000039
Sn~125 0.0000013
Te-125m 0.00012
Sb-127 0.0000075
Te-127m 0.00095
Te-127 0.00095%
Te-129m 0.1
To-129 4.1
Te-131m 0.0014
Te-131 0.00026
I-131 0.27
Te-132 0.047
Cs-134 1.1
Cs-136 0.37
Cs-137 0.06
Ba-137m 0.07
Ba-140 0.0013
La-140 0.0011
Ce-141 0.00021
Ce-143 0.000031
Pr-143 0.00017
Ce-144 0.00012
Nd-147 0.000068
Pm~147 04.000013
Pm-149 0.00005
Cr-51 0.04
Mn-54 0.06
Fe-55 0.23
Fe-59 0.05
Co-58 2.1
Co-60 0.06
Total ~5.0 ci/yr/unit
H-3 1,000 ci/yr/unit

CALCULATED ANNUAL RELEASE OF RADIOACTIVE NUCLIDES IN GASEQUS

EFFLUENT FROM CALVERT CLIFFS NUCLEAR POWER PLANT

Nigcharge Rate (Cl/year/unit}

Containment Gas Process Air Ejector Auxiliary

Isotope Purge System System Bldg Total
Kr-85 22 720 4 4 750
Kr-87 0.05 a 3 3 6
Kr--88 0.3 4] 10 10 20
Xe-131m 12 i0 5 5 32
Xe-133 1,160 17 790 790 2,760
Xe-135 2 0 17 17 36
Xe-138 0.008 0 3 3 6
i-131 0.02 0 0.22 0.01 0.25
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products and activation products. Attempts have been made to
estimate Calvert Cliffs discharges by "scaling" data on individ-
ual pressurized water reactors now in operation, but the results
of such attempts vary widely, depending upon the plants and

the year(s) of operation chosen. These differences are due to
the wide variations in plant cleanup system designs, and prior
operating histories of both the reactors and their cleanup
systems. The AEC estimates given in Table 6.2 are based on

data from a multitude of plants, and are intended to represent
the average discharges over a 30-year plant lifetime. From the
data now available on operating plants, these estimates appear
reasonable (12).

The estimates of radiation exposure to the public
have changed as the estimates of radicactive discharges have
changed. Table 6.3 presents the AEC's latest predictions for
maximum dose to any individual by various exposure pathways (11).
The figures for the seafood consumption pathway are based on the
conservative assumption that the aquatic species lived in un-
diluted plant discharge water. Table 6.4 presents the sum of all
(total body) radiation exposures predicted to be received
annually by persons living within 50 mileg of Calvert Cliffs.

TABLE 6.4

TOTAL POPULATION DOSES ESTIMATED FOR
THE CALVERT CLIFFS NUCLEAR POWER PLANT

Dose

Pathway {man-rem/yr)
Air Submersion® 0.6
Water

Seafood Consumption 9.4

Recreation Activities 1.0
Transportation

of Radioactive MaterialsP 10.

TOTAL 21

aAssuming no shielding by buildings.

b 1he major portion of the population dose (~9.4 man-rem) is
estimated to be received by the transportation workers,
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Nuclear power plants are being built in adjoining
states, and additional nuclear plants have been proposed for
Maryland. Therefore, the question of cumulative radiological
impact must be addressed on both a State and regional level.
Figure 6.4 shows the radiation dose contributed by nuclear power
plants and fuel processing to the estimated per capita whole-
body dose received in the United States. The natural radiation
component indicated in the Figure is composed of (1) primary
cosmic rays from deep space and the energetic products of
their collisiong in the earth's atmosphere or crust, and (2)
decay fragments of terrestrial radioisotopes. Cosmic ray bom-
bardment varies with altitude and latitude: annual whole-body
dose in Maryland due to cosmic rays averages about 40 mrem/yr/
person -- 60% less than in some Mountain States and slightly
less than the 45 mrem/yr/person U. S. average (13).

FIGURE 6.4
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Dose from terrestrial radicactivity depends on the
distribution of natural deposits, weather conditions affecting
radon dispersion, and other factors. For instance, the esti-
mated average whole-body terrestrial gamma ray dose for Maryland
is 55 mrem/yr/person, while the dose for South Dakota is

115 mrem/yr/person. National average dose is 60 mrem/yr/person
(13}.

The largest component of man-made dose in the U. S. is
due to medical uses of radiation, e.g., medical and dental
fluoroscopy, radiography, and use of radiopharmaceuticals.
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The estimated population dose received from these sources in
1970 was 15.2 million man-rem (exclusive of occupational expos-
ures and radiation therapy), or 72 mrem/person (13). The
"genetically significant dose" (the dose delivered directly

to the gonads multiplied by the individual's chances of becoming
a parent) from diagnostic radiation in 1970 averaged 20
mrem/person (14).

The next largest source of man-made radiocactivity is
fallout from weapons tests, which amounts to about 5 mrem/yr/
person. Radiation from these tests persists due to the long-
lived isotopes Cs-137 and Sr-90.

"Miscellaneous" in Figure 6.4 refers to the dose from
color televisions, luminous watches, gauges, and high-altitude
air transport (which increases exposure to cosmic ray fluxes).
"Occupational" dose is due to the handling and processing of
radiocactive materials or medical/dental equipment. "Other
environmental" refers to doses to the general population due
to nuclear power plants, fuel processing and fabricating mills,
uranium mines and peaceful uses of nuclear explosives.

Summing the doses from all these sources gives a
figure of about 170 mrem/yr/person as the average whole-body
dose received by Maryland residents, far more than would be
received annually from a nuclear plant such as Calvert Cliffs
(cf. Table 6.3). Industrial use of ionizing radiation,
particularly the projected increase in nuclear power production,
will increase the national per capita dose by approximately 0.1
mrem/yr by 1990 (13), or about 0.05% of the annual per capita
dose now being received. The NRC-recommended limit for dose to
individuals near power plants (cf. Table 6.1) corresponds to
about 5% of the dose received from natural background radiation
(w100 mrem/yr/person in Maryland). The average annual dose
delivered by the Calvert Cliffs plant to the population within
a 50-mile radius of the site is estimated to be only 1/11,500,000
of natural background (11). The dose increment to the population
within 50 miles of the proposed Douglas Point plant is estimated
at 1/400,000 of the natural background (15). The variation is
due to the difference in the type of reactor used at each
plant.

D. Radiation Risk from Normal Operations

Ionizing radiation can cause immediate and latent
damage to germ and somatic tissues. Genetic risks are cumulative.
Irradiation can trigger malignancy in the body, with blood-
forming tissues, bone marrow, thyroid, breast, lung, and repro-
ductive organs being the most susceptible (16). For purposes
of estimating risk, it is assumed that the frequency of
occurrence of cancer and genetic damage is directly proportional
to the irradiation dose (16, 17). However, it should be noted
that these effects have not actually been observed at low



radiation exposures, but only at levels a thousand or more times
higher than doses received by members of the public in the
vicinity of nuclear power plants (18). The relationship between
incremental dose and expected increase in neoplasms is generally
expressed as number of excess cases versus irradiation dose in
man-rem. The rates derived from long-term observation of
Japanese bomb victims are 50-165 cancers per one million man-rem.
The current range of estimates based on this and other data is
60 to 480 fatal cases per one million man-rem, with a mean

value of 180 deaths per million man-rem being the value most
commonly used for impact estimates.

Genetic effects must be treated somewhat differently.
The effects of genetic damage are felt by the descendants of
the irradiated populaticn., The relationship between incremental
radiation dose and expected increase in genetic defects is gener-
ally expressed as a number of excess cases/yr/million descendants
versus the average radiation dose in rems to the exposed gen-
eration during their reproductive lifetimes. The total of such
effects is estimated to be between 60 and 1,500 cases/million
descendants/rem of average dose to the exposed generation.
These cases will be spread over several generations of descendants,
with only about 20% occurring in the first descendant generation.
Table 6.5 gives a breakdown of the various risk wvalues by type.

Under proposed NRC guidelines for limiting radiation
doses to the public to levels "as low as practicable" from
nuclear power plant operations, the maximum doses that may be
received by the most exposed members of the general public are
specified as design criteria. The values are given in Table 6.6.
These values constitute about 5% increase in the total radiation
exposure to an individual (exclusive of medical exposures).

The risk of cancer to any individual who actually receives these
doses is given in Table 6.7. The risk of genetic damage to

the exposed individual causing defects in his descendants is
also given in Table 6.7. These additional risks should be com-
pared to the unavoidable risks to the individual from the same
diseases, also given in the Table. It can be seen that the

dose from each vear of maximum exposure to the radiation from
the power plant produces only a very small increase in the total
risk that any particular disease or genetic defect will occur.

The number of persons actually exposed to the levels of
radiation given in Table 6.6 is very small in comparison to the
number of persons within 50 miles of a plant who will receive
smaller doses annually. By assuming that there is a linear
relationship between incremental radiation dose and additional
risk of effect, "population doses" and "risks to the population"
can be calculated. 1In a calculation of this sort, the total
of all doses to the members of the public is estimated, and
this value is used to compute the number of cases of each disease
expected to be caused in the population by the radiation doses
from the power plant. In fact, the "best" estimated number of



TABLE 6.5

RISKS OF GENETIC DEFECT INDUCTION FROM RADIATION

A. Specific Genetic Damage: Effects per million live—-born des-
cendants due to l-rem radiation dose
to all individuals in one generation

Effect Cases in First Total Cases Over Current Incidence
Generation all* Fuature per Million Live
Generations Births
Autcsomal dom- 10~10G0 50-500 10,000
inant traits
X~chromosome- 0-5 2~20 400
linked traits
Recesgive traits {very few) (very small) 1,500
B. Cytcgenic (Chromosome Aberration): Effects per million live-

born descendants due to
l-rem radiation dose tc all
individuals in a generaticn

Effect Cases in First Total Cases Over Current Incidence
Generation all* Future per Million Live
Generations Births

Congenital ab-
nermalities
Unbalanced
rearrange- 12 15 1,000
ments
Aneuploidy 1 1 4,000

Recognized
spontaneous
aborticns
Aneuplcoidy & 11 11 35,000
poelyploidy
X0 3 3 9,000
Unbalanced 72 90 11,006
rearrange-
ments

C. Total of Effects, Including Genetically Linked Disease
{contains values from Parts A and B):
Effects per million live-born descendants due to a l-rem
radiation dose to all individuals in a generation

Disease Cases in First Total Cases Over Current Incidence
Classification Generation All* Future per Million Live
Generations Births
Dominant dis- 10-100 50-500 10,000
eases
Chreomosomal & very few very few 10,000
recessive
diseases
Congenital 15,000
ancmalies \
Anomalies ex- 10,000
pressed later 1-100 10-1,000
Constituticnal '15,000
& degenerative
diseases
Total 11-200 60-1,500 60,000

*Assumes population is not increasing or decreasing rapidly so
that each generation has the same number of individuals

6-13



TABLE 6.6

DESIGN VALUES FOR LIMITING THE HIGHEST EXPOSURE TQ AN
INDIVIDUAL IN THE GENERAL POPULATION 10 LEVELS
"AS LOW AS PRACTICABLE"

{(ALAP)
Method of Exposure Organ Exposed Design Basis
Maximum Dose

Immersion in and in- Whole body* 5 mrem
gestion of agqueous

discharges

Immersion in and in- Whole body* 5 mrem
gestion of gaseous

discharges
All iodine releases Thyroid gland 15 mrem

*a single individual is not expected to receive the maximum
dose from both aqueous and gaseous plant discharges.

TABLE 6.7

RISKS (ACCUMULATED ANNUALLY) TO INDIVIDUALS AND DESCENDANTS OF
INDIVIDUALS EXPOSED TO ALAP RADIATION LEVELS

Additional Risk Normal Risk

Due to Radiation Level
*Risk of Cancer (assuming 2 1,520
10 mrem) 1,000,000 1,000,000
Risk of Thyroid Nodule 3 ~10,000
(assuming 15 mrem) 1,000,000 1,000,000
*Risk of Genetic Defect in 0.07 to 1.4 60,000
Children (assuming 10 1,000,000 1,000,000
mrem)
*Risk of Genetic Defect in 0.4 to 10 60,000
Any Descendants (assuming 1,000,000 1,000,000
10 mrem)

*Assuming the individual receives maximum dose from both the gas-
eous and aqueous releases (contrary to NRC assumptions).

6
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such cases is less than one, so that it is probable that no
additional cases of cancer or genetic disease will be induced

in Maryland's population by the operation of nuclear power plants
over the next ten years.

Predictions of population doses from five existing and
proposed nuclear power plants in and near Maryland over the next
ten years are given in Table 6.8. The number of cases of
various diseases which are predicted to be induced by this radia-
tion exposure are given in Table 6.9. Since the "expectation
numbers” are all less than one, the values are actually proba-
bilities that one additional person in the exposed population
will suffer a disease. The "population dose" concept says
nothing about which person might suffer the given effect. The
total probability that some person will be affected is divided
among the exposed individuals in proportion to the dose they
receive. The risk to any specific individual should not be
greater than the wvalues given in Table 6.7 for the risk to most
exposed individuals.

TABLE 6.9

PROBABLE NUMBER OF CASES OF SOMATIC AND GENETIC EFFECTS
INDUCED IN MARYLAND RESIDENTS BY THE OPERATION OF NUCLEAR
POWER PLANTS IN AND NEAR MARYLAND OVER THE NEXT TEN YEARS

(1975 - 1984)

Cancers 0,1
Genetic Dominant Diseases (0.02 to 0.20) ~Q0,1
Chromosomal and Recessive ‘
Diseases, Congenital Anomalies,

Anomalies Expressed Later, (0.004 to 4.0)~0.2
Constitutional and Degeneratives

Diseases

Identical Effects Expected in Maryland's Population Over the Next
Ten Years From Other Causes (Not Identified)

Cancers 60,000 deaths
Genetic Dominant Disease 40,000 cases
Chromosomal and Recessive Diseases 40,000 cases
Congenital Anomalies 60,000 cases
Anomalies Expressed Later 40,000 cases

Constitutional and Degenerative Disease 60,000 cases




Health effects of ten years' operation of all five
plants on the total population within 50 miles are about three
times greater than those calculated above for Maryland citizens
alone (cf. Table 6.8). At this time, such numbers would be
best estimates for the total impact of these plants over the
1985-1994 time span. However, much will be learned over the
next several years which will prcbably allow better estimates.

One other point to consider is that radiation dose to
the public from gaseous power plant effluents probably extends
more than 50 miles beyond the reactor site. Calculations are
terminated at that distance because the meteorological
assumptions governing dispersion and time of travel (and there-
fore, radiocactive decay over distance} do not remain constant
over large distances. Estimates of average per caplita dose,
which are based on estimates of annual average radicactive efflu-
ent dispersions over large distances, have been made for the
Upper Mississippi Valley in the year 2000 A. D. (19)., These
values are in general agreement with the wvalues shown in Figure
6.4. The value given in the Figure for 1980 is 0.05 mrem/
person, which would amount toc a population dose of 200 person-
rem/yr for Maryland's four million residents, or about 2,000
person-rem over a ten year period. Again, this value is about
three times higher than that used for the health effect calcula-
tions given in Table 6.9.

It should be noted that the expectation values for
number of cases of radiation effects will exceed one as the num-
ber of reactors and number of years of reactor operation are
increased. The point at which this occurs has no real signifi-
cance in terms of societal decisions. The important concept is
that, measured against other societal risks of the same type,
the risks from normal operations of nuclear power plants are
exceedingly small., They are expected to be smaller than the
public health risks due to burning cocal or oil in power plants,
although the data on the health effects of S50,, NO, and particu-
lates are not as yet well enough documented to support a precise
comparison, However, the probable number of cases of somatic and
genetic effects due to the cperation of nuclear power plants in
Table 6.9 can be compared to the adverse health effects associated
with various urban sulfate concentrations in Table 4.9.

It appears probable that chemical atmospheric pollutants are the

greater risk to public health.

E. Risk from Accidents

Any discussion of cumulative risks and impacts of
nuclear power plants must necessarily address a gquestion that
has been thoroughly impressed on the mind of the public¢ -~ that
of the risk of inadvertent irradiation due to a nuclear accident.
Usually, risk estimates are derived from experience; the
number of accidents or accident~related events (e.g., deaths)



per million units of some activity (e.g., passenger-miles) is
tabulated from records, and the same accident rate is assumed to
extend into the future. This procedure cannot be used for
catastrophic failure of nuclear power plant systems, however,
because no such events have yet occurred,

Until recently, no techniques were available to
calculate even the probability that such an event would occur,
Calculations, therefore, tended to center on the consequences
resulting if such an event occurred. Thus, no actual risk
estimates were available for such events because risk is the
product of both the probability and the consequences of an
accident.

In order to provide a measure for such a risk, the
AEC-sponsored Reactor Safety Study (20) extended "fault-tree”
analysis techniques to make actual risk estimates for nuclear
reactor accidents. Fault-tree analysis uses failure rates of
system components, taken from power plant operational data,
to compute the probability of failure for a system built with
these components. The technique is relatively new, and has had
a record of uneven success when applied to other industries.
Opponents of the nuclear power industry have criticized the
Reactor Safety Study on the basis that fault-tree analysis
techniques have been in error in some other applications. How-
ever, this study must be considered a step in the proper dir-
ection and the best available source for risk estimates at this
time. The final draft report of the Reactor Safety Study has
been distributed to interested parties for comment, with the
final version scheduled for the fall of 1975. It is expected
that the risk estimates in this final version will be about
a factor of three higher than those indicated in the draft
version.

The study has verified that the major contribution to
overall risk from nuclear power plants is an accident where the
reactor core melts (after the chain reaction has been stopped)
due to failure of all of the cooling systems. Accidents where
the core melts because the fission chain reactions cannot be
controlled were found to be so improbable that they made no
significant contribution to the total risk.

Prior to the Reactor Safety Study, it had been thought
that, should the reactor core ever melt, all of the gaseous
fission products contained in it would be released to the
envirconment. This was termed a "Class 9" accident and labeled
"non-credible" by the AEC. The probability of such an event was
estimated to be one-in-a-million to one-in-ten-million per year
of reactor operation, without any good basis for the estimate.
The term "non-credible" was therefore taken to mean that the
accident was so improbable as not to require special power plant
design to contain the consequences within regulatory limits.
However, a more reasoned opinion has come out of the Reactor



Safety Study, which analyzed the effect on the power plant
structure following core-melt. It now appears that the most
probable course of events following total core-melt does not
result in serious injury to the public. The most probable set
of consequences is given in Table 6.10. It was also calculated
that the probability of this melt-down event is significantly
greater than had previously been believed amounting to about one
chance in 17,000 per year of reactor operation.

Other, more serious, accidents were identified and
calculated to have smaller probabilities of occurrence. The
most serious accident identified which made any significant
contribution to overall risk is also tabulated in Table 6.10.
The probability of this accident ever occurring, however, is
calculated to be one chance in one billion per year of reactor
operation. This is not to say that more serious accidents are
impossible; it merely indicates that they are so improbable that
the risk value calculated for them (probability times conse-
quence) is too small to contribute significantly to the over-
all risk (the sum of risks from all possible accidents).

TABLE 6.10

CONSEQUENCES OF THE MOST LIKELY CORE-MELT ACCIDENT
(Probability = 1/17,000 per year of reactor operation)

Fatalities <1

Injuries <l

Latent Fatalities <1

Thyroid Nodules 4

Genetic Defects <l

Property Damage $100,000

Initial Evacuation Area <0.1 square miles

Area Requiring Decontamination <0.l1 square miles

Consequences of the Most Serious Core-Melt Accident
With Probability Great Enough to Significantly Contribute
to Overall Risk (Probability = 1/1,000,000,000
per year of reactor operation)

Fatalities 2,300

Injuries 5,600

Latent Fatalities 3,200

Thyroid Nodules 84,000

Genetic Defects 3,200

Property Damage $6,200,000,000

Initial Evacuation Area 400 square miles
Area Requiring Decontamination 31 square miles

Source: Reference 20 (Draft)



Figure 6.5 shows graphically the risk of having 100
reactors, designed, sited, and operated as now required by the
NRC, operating in the United States. The Figure also shows
the risk from other natural and human-caused risks, so that
the nuclear accident risk is placed in perspective. In order
to use the Figure properly, a consegquence value (number of
deaths) should be selected on the horizontal axis, and the
probability of an accident occurring which will cause at least
that number of deaths can then be found by moving upward to the
curve of interest (e.g., reactors or dam failures), and then
reading the corresponding probability value on the vertical
axis.

The public risk from nuclear power reactor accidents
can also be expressed on a per capita basis. The risk value is
then one chance in 300 million per year of reactor operation for
all those persons living within 20 miles of a power reactor.

For comparison, Table 6.11 gives this wvalue and other risk
values for U. S. Residents.

TABLE 6.11

RISK OF FATALITY BY VARIOUS CAUSES

Accident Type Total Number Individual Chance
Per Year
Motor Vehicle 55,791 1l in 4,000
Falls 17,827 1 in 10,000
Fires and Hot Substances 7,451 1l in 25,000
Drowning 6,181 1 in 30,000
Firearms 2,309 1l in 100,000
Alr Travel 1,778 1l in 100,000
Falling Objects 1,271 1 in 160,000
Electrocution 1,148 1l in 160,000
Lightning 160 1 in 2,000,000
Tornadoes 91 1 in 2,500,000
Hurricanes 93 1 in 2,500,000
All Accidents 111,992 1 in 1,600
Nuclear Reactor Accidents 0 1l in 300,000,000

(100 reactors)

Source: Reference 20 (draft)
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An individual residing just outside the exclusion zone
of a nuclear plant would correctly assume that his own individual
risk is higher than the per capita value cited. The Reactor
Safety Study does not address this individual risk directly.
However, analysis of data provided in the draft report leads to
a risk estimate of approximately one chance in a million of
fatality for any such individual during each year of reactor
operation. This estimate has been verbally supported by the
Project Director of the Reactor Safety Study (21). However, this
particular risk estimate is most sensitive to the revisions that
are contemplated for the final report.

As with the risk calculations for normal reactor
operations, the total risk from accidents from all nuclear power
plants in the country will grow as the number of reactors grows.
{Since design improvements are continually being made, the total
risk will probably grow more slowly than the number of reactors.)
Again, the point at which the total risk from nuclear power
plants reaches some given value (e.g., equivalent to the
risk from dam failures) has no real significance for societal
decision-making. As the number of reactors grows, the benefits
from the reactors also grow, It is the ratio of total additional
benefits to total additional adverse effects (including risk of
death) which should govern the decision as to whether each new
reactor is built. The risk of death due to reactor accident has
now been estimated to be a very small value, a value smaller
than many risk values which have historically been neglected as
inconsequential in performing benefit/disbenefit analyses for
other industries. However, public perception of public risk is
not completely related to the numerical value of that risk.

The possible magnitude of consequences from a single accident

is also a key factor in public risk perception. 1In that respect,
the Reactor Safety Study is reassuring, in that events of equal
consequence are shown to be more likely for non-nuclear accidents
than for power reactor accidents.

F. Conclusions

In considering the available data on risk from normal
operations and accidents, there is no valid reason for govern-
mental prohibition of the nuclear power industry from competing
in the economic marketplace for its most cost-effective share
of future electrical generating capacity. It appears, given a
continuation of existing NRC regulatory policy towards design,
siting and operation of nuclear power plants, that radiological
risks are insignificant in comparison tc the benefits of a nuclear
reactor,
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