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The term "impact" is conceptually and mathematically defined to be
the difference in the state or value of an ecosystem with versus without
the source of impact. Some resuiting problems associated with the measure-
ment of impacts based on comparisons of baseline and operational data are
discussed briefly. The concept of a "significant® adverse impact on a
biological system is operationally defined in terms of an adverse impact
which, according to a proposed "decision-tree," justifies rejection of a
project or a change in its site, design, or mode of operation.

A gradient of increasing difficulty in the prediction of impacts
exists as the scope of the assessment is expanded to consider long-term,
far-field impacts with respect to higher levels of biological organization
(e.g., comunities or ecosystems). The analytical methods available for
predicting short-term, near-field impacts are discussed. Finally, the
role of simulation modeling as an aid to professional judgment in pre-
dicting the long-term, far-field consequences of impacts is considered,

and illustrated with an example.
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I. Introduction

Tre crganizers of this “Workshop on the Biological Significance of

Environmbffal Impacts" haVe,sﬁbﬁﬁ,éﬁﬁsidé;%bi€ﬁ¥bfé§ﬁ§ﬁftfh;BfOVidfhﬁ

this timely opportunity for an exchange of ideas in the relatively Tew
field of environmental impact analysis. Most scientists in attendance

will have had practical experience in this field, and many will have

faced the rigors of defending their predictions or conb]usions in public
forurs or in adjudicatory hearings. Thus, they will be cognizant of the
limitations and frailties associated with impact analyses, and of the
benefits to be gained from assessing the concepts and the practical method-
ologies which represent the basic "tools of the trade."

Our experience has been gained in the preparation of Environmental
Impact Statements for the U.S. Nuclear Regulatory Commission (USNRC).
Spe:ifigally, we have been concerned with evaluating the non-radiological
effects of nuclear power stations, either proposed or under construction,
on aquatic environments. Thus, when we speak of a proposed or existing
project as a source of impact, we have in mind a power plant, producing
a benefit (electricity) during a 30-40 year period of time, and having
some effect (generally adverse) on an aquatic ecosystem. While the
generalized concepts we develop are not restricted to power plants, some
would require modification for projects having an indefinite expected
Tifetime, such as dams.

This paper will discuss three main topics: the conceptual definition
of “impact", definitions of "significance", and the predictibn of impacts.
Measurement of impacts will be mentioned briefly, but space limitations

preclude more than a cursory treatment of this subject.



I1. Definition of Impact

The primary goal of impact analysis is to provide information on
which to. base responsible decisions about a project. The. fundamental
questions-are related to whether the project will have an-acceptable
impact, whether use of aﬁ alternative design or gite (at increased cost
but with reduced impact) is necessary or justifiable, and ultimately,
whether the project should be approved. Other gquestions, concerning
additional information needed to perform the analysis, and monitoring
necessary to confirm compatability of the project with the environment,
also need to be answered. An understanding of what is meant. by the
term "impact" is fundamental to being able to answer such questions.

Conceptually, an ecosystem can be characterized as an N-dimensional
hypervolume [Hutchinson 1958; Shugart (in press)] or space in terms of N
state variables which are of interest to man in defining the value, or
the state, of the ecosystem potentially affected by the proposed project.

These variables would represent, for example, biological parameters
| (numbers of individuals in each of many species), and any physical and
chemical characteristics which are of interest in and of themselves (for
example, heated discharges could make parts of a lake more suitable for
swimming). The N state variables, each a function of time (t), can be
denoted as Exl,o(t), xz,o(t), X320(t),..., xN,O(t)]’ where the sqbscript
zero indicates the situation without the preoject. 5a(t) then can be
defined as the vector (or point) denoting the state of the environment
in the N-dimensional hypervolume at a fixed point in time without the
project. Ue can alsc conceptually define a similar vector to represent

the state of the ecosystem, but this time with the project. The state
variables are now [xl,p(t)’ Xz,p(t), X3’p(t),..., xN,P(t)]’ and they



define a vector Zp(t) at any fixed point in time. He next introduce a
set of weighting factors as (w1, Wy w3,..., WN) = W. Each weighting

factor represents a conversion of the correspondingly subscripted state
variable (e.g., number of individuals of species X) to units of value
(e.g., worth in dollars for species X5). An index of impact at year t

[I(t)I can now be defined as

I(t)

T T
W Zp(t) - W Ko(t)

N N | ‘
WX (6 - T Xy () (1

i=1 i=1]

Vp(t) -V, (t)

where
ET = transpose of the vector of constant weighting factors,
Vp(tj = index of value for the ecosystem with the project at year t.
Vo(t) = jindex of value for the ecosystem without the project at

year t.
If it is anticipated that any of the weighting factors will vary sig-
nificantly with time or will not be the same with versus without the
project, such variations should be taken info account.

This index of impact measures the change iu value of the ecosystem
at any point in time, due to the plant. Of course, the index of value
either with [Vp(t)] or without [Vo(t)] the plant could also be obtained
by summing the product of each of the state variables and its associated

weighting factor, as implied by Eq. (1).



At this point, the N-dimensional hypervolume has been transformed
or mapged into an index of impact (or index of value), and the index of
impact (or value) can be plotted as a function of time.

Figure 1a is a graph of the index of,Vé]qe versus time for a hypo-
thetical ecosystem, witﬁ_(]ower line) and witho&t (upper 1ine) a hypo-
thetical plant. Construction of ithe plant (point C) begins to affect
the eavironment in year 6. Operation (point 0) begins in year 10 and
continues until decommissioning (point D) in year 50. The vertical
distance between the two lines correspends to the index of impact,

[I(t) in Eq. (1)]. The impact in this example has ended by year 65
(point E).

Attempts to measure the impact illustrated in Fig. 1a by comparing
baseline data (taken prior to year 6) with post-construction data (taken
sometime.after year 6) will be cohfounded by two factors in addition to
sampling error: (a) natural fluctuations, and (b) any overall change in
the ecosystem not attributable to the plant. While in our hypothetical
example we have depicted only relatively long-term fluctuations, shorter-
term components of factor (a) (natural fluctuations) will also be sub-
stantial in real-world situations, particularly for the individual state
variables. An example is available from Conowingo Pond, the Towermost
reservoir on the Susquehanna River in Pennsylvania. Year-class strengths
of white crappie (a dominant species), estimated from the mean catch of
young per trawl haul in each of six years, varied over more than two
orders of magnitude, with the strongest year class in 1969 appearing tﬁo
Years after the Muddy Run Pumped-Storage Reservoir began operaticn

{Robbins and Mathur 1973). It was correctly concluded that operation of



the pumped-storage reservoir had not had a measurable impact on tre
white crappie population. In our view, however, there would be small
hope of detecting (much less measuring) even a substantial impact on
such a varyiﬁg population by comparingrest{mates of year-class strengths.
Fortunately, most popu1§ﬁions of "representative and_imbortant species"
(RIS; see later discussion) are less variable than the thte crappie.
Still, the example points out the need for eithér.many years of pre-
operational data or the identification and measurement of relevant
paraneters which show 1ittle annual variation.

With respect to factor (b) (any overall change in the ecosystem
which is not due to the plant), the "without plant” line (Fig. ia) indi-
cates a decline in ecosystem value, which it would be unfair to attribute
to the plant. 1in other words, the ecosystem value prior to plant con-
struction does not correspond to the "zero impact" value ("witiout plant"
line in.Fig. la) after operation begins. The proper statistical test,
based on field studies, would be between the "without plant" and the
"with plant" situation at various points in time. This test is, in the
strict sense, not possible in the real world, where only one of the two
situations can exist. Only rarely are there suitable nearby reference
areas with similar ecological characteristics which approximately meet
the requirements for a comparison.

The Delaware River is a real-world example of a system in which
preoperational data might be inappropriate as the baseline for an attempt
to measure an impact. In this -ase, the "zero 1ine" (without plant) -
would probably indicate an increase in value with time, in contrast to
the decrease in value with time illustrated in Fig. la. Pollution in

the vicinity of Philadeiphia has been blamed for the drastic decline



in the American shad fishery in the elaware system since the late
nineteenth century (Chittenden 1974; Sykes and Lehman 1957) and for
a reduction in striped bass populations (Chittenden 1971). Efforts
are?ﬁﬁaéhuay to restore water quality in this ﬁéﬁ{éﬁ. and it is hoped
that stocks of such anadromous fish will improve considerably. For
the purpose of either predicting or measuring the impact of a new
project on the Delaware system, these pollution abatement efforts
would nead to be factored into the analysis. A second example of
possible confounding ecosystem change can be illustrated by considering
the inadvertent introduction of thes gizzard shad into Conowingo Pond in
1972 (Robbins and Mathur 1974) shortly bafore two large (2130 MUE
total) nuclear power stations using once-through cooling began opera-
tion. Again, for the purpose of 2ither predicting or measuring the
impact of these two power statiors on the Conowingo Pond ecosystem,
the introduction df the gizzard shad into this ecosystem must be
factored into the analysis.

In Fig. 1b, the index of impact due to the plant [again, I (t) in
Eq. (1)] is plotted against time, using an expanded vertical scale.
The "zero change" horizontal reference liﬁe here correspords to the
"without plant" curve on the uppar graph. This figure is more useful
for examining the impact bf the piant itself. In the hypothetical
examp?e shown, a lag time is apparent between thé beginning of opera-
tion and the time when the full impact is apparent. This lag time
might, for example, be caused by the time required for cropping of egg§
and larvae of a highly-valued fish species tc be fully reflected in

reduced yield to a fishery. A similar lag time is apparent following



decommissioning of the plant. In this example, the impact is not
jrreversible in the long-term sense, since the two lines converge at
point E.

The shaded area between the curves in either Fig. la or 1b provides

an index of the total impact, according to the expression

I = .[E I(t)dt (2a)

E E
.[ Vp(t)dt-{ v (t)dt (2b)

where C and E are the times of the onset and the end of the imp.ict,
respectively. This total impact could be depicted as a point on a
one-dimensional "impact-line" (Fig. 2), since time is no longer a
variab1e: The 2ero point here corresponds to IT = 0, which cquid
occur ¥ Vo(t) = Vp(t) for each year during the period C to E or
if the index of value of the ecosystem summed cver the period € to
E were the same with and without the plant [(see Eq. (2b)].

Obviously, this approach is simply a conceptual framework.
Quantification of all of the state variables which would characterize
the ecosystem with the plant is virtually impossible. Furthef, com-
plete agreement about the appropriate values for the weighting factors
is a nebulous goal, and the solution to Eq. (1) requires knowledge about
a hypothetical world (one without the plant). Nonetheless, when reduced
to a plot of the index of value or impact versus time {Fig. la or Tb).
or to an impact-line (Fig. 2), the concept is useful in clarifying what

an "impact" means. This is a necessarv step in being able to talk



about how to measure or predict the extent of an impact, and how to

determine whether it is "significant" or not.

III. Operational Dafinition of a Sianificant Impact
an a‘Biolggical-System

As eﬁidedCed by its"inclusion in the title of this workshop, “sig-
nificance," is an important concept in impact analysis. Unfortunately,
the word "significance," (as well as others such as irreversible, irre-
parable, irreplaceable, irrecoverable, irrevocatle and irretrievable) is
often used without clear definition. The problem of definition is recog-
nized in the guidelines of the Council of Environmental Quality (CEQ),
where it is stated that "...a precise definition of environmental 'sig-
nificance,' velid in all contexts, is not possible..." (CEQ 1973, section
1500.6). Earhier in section 1500.6, however, it is stated that “The Act
[NEPA 1969] also indicates that adverse significant effects include those
that degrade the quality of the environment, curtail the range of berne-
ficial uses of the environment, and serve short-term, to the disadvantage
of Tong-term, environmental goals." Significant” in the above quotations
is used in the context of determining whether a major Federal action re-
quires the preparation of an Environmental Impact Statement, but not in
the context of necessarily indicating a need for mitigating measures.

It is relatively easy to previde conceptual definitions for no
impact, for a reversible impact, and for an irreversible impact using
the characterization, developed in Section II, of an ecosystem as an

N-dimensional hypervolume.
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No _Impact

Xo(t) - ¥(t) =0 (3)

for all time t greater than C, the start of construction of the project

(see Fig. 1).

Reversible Impact

%(t) - X (t) =0 (42)

for all time t starting a reasonab e time (T) after the project is

decommissioned at time D (see Fig. 1). Alternatively,

. fT N o
im S Dpte) - X, ()1dt = 0 (4b)

Irreversjble Impact

Failure to satisfy Eqs. (4a) and (4b).

The definition of "significznce" is more elusive, however, since
the viord "significant" implies a value judgment. An ecosystem cannot
make value judgments, and therefore cannot tell us when a significant
impact has taken piace. Significance must be determined from the view-
point of the entity making the decision. Humans must, therefore,
exercise judgment as to what constitutes a significant impact. In
recognition of this requirement for a value judgment, we prefer the
phrase “"significant impact on a biulogical system” to the phrase
“biologically significant impact.” Also, in the context of this paper,

we consider biological, ecological, and environmental to be essentially

interchangeable terms.
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Figure 3 shows a decision-tree relating to the making of decisions
concerning the acceptability of a proposed project with respect tu its
impact on a biolcgical system; the biological system may be a pop.la-
tion, community, or ecosystem. At this time the state of the art of
impact analysis is such'that selected single poéulations are the biolo-
gical systems commonly evaluated. A brief discussion of each of the
decision points will lead to a clarification of the range of issued
involved in attempting to determine the significance of an impact.

1. 1Is the impact of the project on the bioclogical system bena-
ficial? This decision point reflects a difference in the decision
process for beneficial as opposed to adverse impacts. A beneficial
impact would be located to the right of the zero point of an imaact-

Tine su:h as in Fig. 2 (i.e., IT > 0).

2. Is the impact of the project on the biological system reversible?
Equations (4a) or (4b) give a conceptual definition of a reversible impact.
The impact of a project is considered reversible if, following operation
of the project for the planned period of time, the biological system which
it affects would return to essentially the same state it would have had if
the project had never been built.

3. Is the‘biological system (or component thereof), which is irre-
Versibly‘affected, trivial? A conceptual definition of an irreversible

But trivial long-term impact is:
Vp(t) -V (t) =0 (5)

for all time t starting some reasonable time after the project ceases to

operate. Vp(t) and Vo(t) are values of the ecosystem with and without the

plant, respectively [Eq. (1)]. Value judgments are involved in the selection
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of the weighting factors needed to convert the state variables [Xi(t)]
into welue variables [Y(t)] and in cetermining how clese tc zero the
difference in Eq. (%) needs to be.

4. Is the socioeconomic benefit of the project greater than the
socioaconomic cost of tﬁg impact or the bioiogiéal system? This is a
benefit-cost ccmparison, involving both quantitative (e.g., dollars) and
qualitative (e.g., preservation and conservation ethic) censiderations.
The conservation ethic might be included in a dollar benefit-cost analysis
by assigning an infinite cost to tie predicted interim reduction of one or
more pepulations below some arbitrary level, even if the reduction would
not Y“e irreversible. Society would neced to consider the maintainance of
populations above this arbitrary "evel to be of sufficient value to over-
ride a strictly monetary benefit-cost ratio of less than 1.0 for selec-
tion of.any mitagating alternative design. Such levels hava not been
established, and their selection would be a controversial process. In
their absence, incorporation of conversion-ethic considerations at this
decision point is necessarily a qualitative and judomental process.

5. Does the impact of the project cn the biological system satisfy
legal standards? Relevant laws, such as the National Environmental Policy
Act of 1969 (IiEPA 1969) and the Federal Hater Pollution Lontrol Act Amend-
ments of 1972 (FWUPCA 1972), contain qualitative goals relating to main-
taining or enhancing environmentai quality, consistent with other national
priorities. Legal standards, designed to restrict, minimize, or eliminate
the impact of a project on a biological system, have been established in

some instances. Decision point (5) recognizes these standards.
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6. Is an alternative to the project available? This decision point
allows for corrective action if it is needed. In general, thc best time
to consider such alternatives is during the early design stages. By the
time a proposed project reaches a reguiatory agency for review, the sponéor
of the project has usuai]y made é considerable %inancia1 investmant in
both the proposed site and the proposed design. Involvement of reguiatory
agencies either prior to a project's conception (by designating appropriate
sites and designs) or during the earliest planning stages would 1ikely be
both econcmically and ecolagically beneficial, and could avoid some of the
contention which often surrounds régu]atory activities.

7. 1s the present design (including mode of operation) of the pro-
ject optimally cost-effective with respect to minimizing the damage to
.(or enhancing the value of) the biological system? This decision point
reflects the fact that there is a potential value in minimizing adverse
effects or enhancing the environment even though an impact may be "accept-
able" otherwise. To some extent, established standards will require good
designs, but further improvement may be justifiable. A second factor to
consider, besides the cost-effectiveness aspect (does a dollar spent on
an improved design yield at least that much in damage prevented or enhanced
value?) is the question of whether a proposed project, without further
mitigative measures, may be excluding future use of the region by other
projects. '

This decision~tree (Fig. 3) suggests that a significant adierse impact
on a biological system can be operationally defined as an adverse impact
which justifies rejection of the project or a change in its site, design,
or mode of operation. Since only the impacts of the project on the biolo-

gical system have been included in this decision-tree, other impacts (e.g.,
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non-biological socioeconomic impacts; safety) need to be considered, and
a final benefit-cost comparison (including the costs of these other impactsf

needs to be made.

Let us now consider some of the implications of these criferia,
particularly from an ecd]ogist‘s‘point of view.' First, it is not always
obvious whether an impact will be desirable [decision point (1)] or not
(USAEC 1973, pp. XIII-10 to XIII-13), and some short-term benefits (e.g.,
enhanced fishing because of heated discharges) may carry a risk of long-
term adverse effects. Second, with respect to the question of revers-
ibility [decision point (2)], it is obviously not possible to predict
exactly what level of stress would be required to destroy the atility of
an ecosystem to returm to the baseline state. Rather, it is necessary to
speak of the probability, or risk, of irreversible damage. This risk is
related not only to the characteristics of the ecosystem, hut also to the
total stress imposed on it by man's activities. This requires that not
only the proposed project, but also the other pre-existing sou-ces of
impact, be considered in the analysis. It also implies that decisions
about the project, if based on the criterion of irreversibility, will
need to be made on the basis of professional judgment of the risk involved,
since we do not know enough to quantify the probability of irreversibility
asso-iated with a typical impact. Third, answers to the philosphical
question of how much of "the environment" should be for sale to sources
of inpact, and the practical question of how to assign monetary value to
various kinds and levels of impact on biota are needed for many of the.
decision points. To answer these questions (as well as is possible),
interdisciplinary input and discussion is required. In order to improve

the technical soundness of this aspect of the decision-making process,
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however, the ecologist must supply quantitative estimates of the impact
on biological systems.
This decision-tree suggests criteria to apply in determining

“significance," in analyzing impacts on biological systems, and in
making management decisi?ns. These criteria indicate areas where
further attention is needed. They also establish a very real challenge
to those charged with performing impact analyses. It is not practical
to make quantitative estimates of :the magnitude of impact on all the
state variables of an ecosystem. Rather, only one, or at most a few,
representative and important species (RIS) (Coutant 1975) can receive
deta’led attention. Even then, estimates of the probability of irre-
versible damage remain a matter of judgment or opinion. Also, predic-
tiors of quantitative impact for henefit-cost purposes (e.g., reduced
yield to the fishery in pounds of fish) may span orders of magnitude
even bef;re the problem of setting a value is dealt with, because of
the considerable uncertainties which are almost always involved
(Christensen et al. 1975). Thus, while we believe that these criteria
are valuable conceptual guidelines, we do not mean to imply that they can
always be formally invoked in the decision-making process. Qualitative

judgments on the part of professionals in various disciplines remain

very much a necessity in the field of impact assessment.

1V. Prediction of Impacts

A. Some general considerations
The preparation of Environmental Impact Statements generally requires
that the effects of a proposed project be predicted, as opposed to mea-

sured, because the project does not exist, or has not operated long enough
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for measurable effects to have occurred. Even in the case of established
projects, prediction will usually be involved in an impact analysis, since
it will seldom be possible to assess the impact using data comparisons
alone. As pointed out in Section II, natural fluctuations will tend to
mask the effects of the'project,'even though the impact may be "signifi-
cant" as defined in Section IIl. Irreversible damage may or may not
become apparent in tim~ for corrective action to be taken, especially for
species with long generation times. Thus, consideration of the prediction,
or extrapolation, of impact is relevant to the analysis of either proposed
or existing projects. We will now consider the problem of predicting
impacts of power plants in some detail, with emphasis on the analytical
methods available rather than on the acquisition and interpretaticn of
site-specific data.

A hg]pfu] beginning point is to recognize certain gradients of
difficulty in the process of analyzing impacts, as illustrated in
Fig. 4. The difficulty of either predicting or measuring effects
increases (a) as one moves from a short time frame to a long time
frame, (bj as one move from considering effects in the immediate
vicinity of a point source of impact to considering effects far re-
moved from the source, and (c) as the scope of the investigation is
expandedAfrcm effects on individual organisms, to populations of a
single species, to communities, and to ecosystems; The specific
difficulties which increase are related to the cost, the time, and
the level of effort required both to obtain and to analyze the needed |
informaticn. Most unfortunately, the uncertainty also increases as

one moves toward long-term, far-field predictions involving more and

mora spacies.
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The direct impact frem a power plant on an ecosystem will be mani-
fested as short-term, near-field effects on individuals of many species.
Far-field effects, of increasing importance over a longer time frame,
should persist primarily for mobile species having a long generation
time end life span, parficu]ar]y'if their reproéuctive activity is
concentrated spatially in the vicinity of the source of impact. A
logical way to analyze an impact, then, is to begin at the left-hand
side >f the gradients for time, space, and level of biological organi-
zation (Fig. 4) where the impact will be most .amenable to prediction via
the quantitative application of laboratory and Tield studies. Considera-
tion of the right-hand side of these gradients, for which we have found
simulation modeling to be an important added tool, can then follow for

appropriate species.

B. -Analysis of near-field, short-term impacts

A steam-electric power plant affects an aquatic ecosystem by with-
drawing water (and therefora organisms) from a water body, and subsequently
returning the water (altered in temperature and in chemical composition)
to the water body. The location of the plant and the relevant information
about its construction and operating characteristics (e.g., vq]ume of water
withdrawn, amount of temperature increase, size of the thermal plume,
chemical composition of the discharge, etc.) wil1_be sbecified cr can be
estimated or predicted by professionals in various disciplines. Physical
information about the water body, such as water flow and temperature regimes,
Will 2lso be available. Biological information in each of the following
four categories is fundamental to predicting the consequences of operation

{(Goodyear et al. 1974, p. 30):
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1. The species composition of the affected area must be known
.and the relationships between various species must be

unders tood.

2. The spatial and temporal distribution of the species in

the area must bé known. '

3. The relationships between each species and its physical

environment must be underétood.

4. The sensitivity of the various species to alterations in

their chemicai and physical habitat must be known.

Data available from site-specific sampling programs will generaily
address the first part of item (1), and, to varying degrees, item (2).
The remaining items, which necessarily are only partially achievable
goals, are no less essential. In recent years, substantial progress
has been made in identifying and §ummarizing the available litarature
on thermal [e.g., Coutant et al. 1974a, Raney et al. (undated)] and
cnemical (Becker and Thatcher 1973) effects, and in devising empirical
models for predicting the potential for mortality from various stresses
[Cormittee on Water Quality Criteria 1972; Coutant 1972, and in press;
Mattice and Zittel (in preparation); Morgan et al. 1973; USAEC 1974].
Such work forms a foundation for impact analysis.

Figure 5 shows, as an example, data on the thermal tolerance of

Corbicula manilensis, the Asiatic clam. The usual way to estimate thermal
tolerance is tc measure the percent mortality over time followirg exposure
of clams (acclimated to various temperatures) to a series of test tempéra-
tures. When percent mortality on a probit scale is plotted against log

time a straight line frequently results over the middle range of mortality
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(Fig. 5). Data such as these enable prediction of the extent of mortality
resulting from specific power plant operational procedures or environmental
conditions. For example, if the awbient temperature were 20°C and an
Asiatic clam were exposed to a temperature of 36°C for about 3.5 hours,
40% éfvthé organisms wod]d be predicted to die és a result (Fig. 5). The
manner of presentation of the data is, however, important. Figure 6 sum-
marizes data of the type in Fig. 5 in a tolerance parallelogram. The lines
represent exposures causing 50% mortality at 36°C, but the figure contains
no in“ormation about the duration of exposure necessary to produce this
resul%, and thus has limited utility in assessing power plant impacts.
Similar types of analyses can be applied to toxic chemicals, and
perhaps even to factors involved in mechanical damage such as shear
forces (Morgan et al. 1973). Information on most toxicants is too
scanty fgr extensive analysis, but staff members of the Environmental
Sciences Division and the Environmental Statements Project at 0ak Ridge
National Laberatory have developed a procedure for site-specific estimation
of chlorine toxicity based on dose-time exposures involved in plant passage
and discharge plume dilution [Mattice and Zittel (in preparation)]. Similar
procedures need to be developed for other toxicants.
5til1l, death simply represents the breaching of the last of an
organism's "lines of defense." There is, in reality, a continuum of
effects due to sublethal stresses arising from habitat modifications.
These can represent significant impacts. In response to increasing
levels of stress, successive "lines of defense” in general are:

embryonic developmant, reproduction, growth, and finally mortality

(Coutant 1972).
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A change in production is perhaps the most sensitive criterion
for determining habitat modificatior.. For example, the sensitivity of
production to temperature is dependent on the combined sensitivities
of growth and reproduction, which have been shown generally to decrease
at temperatures both higher and lower than some optimum. Since growth
and reproduction often have similar temperature optima, production can
be expected to demonstrate a similar relationship with temperature.

If data are available on production as a function of temperature, it is
possible to predict a resultant pe-~centage change in production for a
given temperature change. For example, an increase in temperature from
15°C (the optimum) to 20°C would cause an approximate 45-50% decrease

in production of the pulmonate gastropod mollusk Lymnaea obrussa Say
(Fig. 7).

The. direct mortality (or “crdpping“) of fish and shellfish impinged
on the intake screens of power plants, or of small oraganisms (especially
ichthyoplankton) entrained through the intake screens and subjected to
the multiple stresses of passage through the plant, is of obvious impor-
tance in impact analysis. The percentage of entrained organisms of
various species which will be kilied has been estimated in field (e.g.,
New York University 1974) and labecratory (Kedl and Coutant 1975) studies.
Once again, howaver, sublethal stresses can have significant effects on
survivors of entrainment, or on organisms in the vicinity of the discharge.
Studies of predation on juvenile largemouth bass and catfish by adult
largemouth bass have indicated that exposure of the juveniles to cold
shock increases their vulnerability to the predator (Coutant et al. 1974b).
This increased vulnerability to predation may actually occur in the field

following entrainment of fish during the winter or rapid winter shutdown
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of the plant. Regardless of the cause, the end result would be an increase
in cropping impact.

Effects falling in the category of "habitat modification” can also
cause vthat are effeét%ve1y cropping impacts. If, for example, thermal
discharges block fish spéwning migrations, or iﬁduce spawning in a
location which is not favorable to the early life-stages, success of
the spawn could be reduced as effectively as though the ichthyoplankton
had b2en directly killed by entrainment. These and other effects,
relating to the behavior of mobile organisms, deserve further experi-

menta’i attention.

C. Extrapolation of Near-field, Short-term Impacts

Interpretation of the significance of near-field, short-term impacts,
such as losses of individuals or changes in physiological rates, is an
integral. part of impact analysis. Such interpretation generally involves
extrapolating near-field, short-term impacts at the individual organism
or population level to expected far-field, longer-term impacts at the
population, community or ecosystem Tevel. Such extrapolations commcnly
cannot be based entirely on an empirical assessment but rather involve
using professional judgment to make predictions or forecasts based on
comparable experiences elsewhere and on simulation models. The number of
simylation models applicable to impact analysis and resource management
is increasing rapidly; and it is our opinion that the results from such
simulation models, properly used and properly interpreted, are a valuable
#fd in impact evaluation.

Some models are of value primarily in forecasting the long-term
effects of increased cropping on a particular population. For example,

Jensen (1971; also see Beland 1974) evaluated ine possible effect of
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increased mortality on the young in 2 population of brook trout using
a simulation modei fu. yield. The analysis showed that even a 5% increase
in mortality of the 0 age group decreased the yield of the trout fishery
and that with a 50% increase in mortality the population was theoretically
driven to extinction, even though the effect of the increased mortality
did not become apparent for several years. Waller et al. (1971) used a
simulation model to evaluate the effects of reduced reproduction due to
pollutants on populations of fathead minnows, assuming that the parent-
progeny relationship is of the form proposed by Ricker (1954, 1958).
Their model included a random error term to simulate the effect of
randon environmental fluctuations on the relationship between spavmers
and subsequent recruits. In general, their results are compatible with
the recommendation of the U.S. Committee on Water Quality Criteria (Anon.
1968) that the maximum concentration of zinc to which fish could be
continuohs1y exposed should not exceed 1/100 of the 96-hr TL 50 (median
tolerance 1imit) - a concentration that caused a 50% reduction in the
mean number of eggs laid per female by fathead minnows in a laboratory
study. Miller and Botkin (1974) used simulation models for endangered
populations (whopping cranes and sandhill cranes) to illustrate the
outcomes of various managzment alternatives. The results of this
analysis, in comparison with those for fish populations, indicate a
difference between K-selected (low fecundity, care of young, stable
environment) populations (such as cranes), and r-selected (high fecundity,
no care of young, unstable environment) populations (such as fish) with
respect to ability to tolerate and recover from increases in cropping.
Other models, such as that of Kitchell et al. (1974), are partic-

ularly appropriate for forecasting lTong-term but sublethal effects, such



23

as those resulting from thermal enrichment. They developed their model
of fish biomass dymamics based on principles of physiology, population
biclogy, and'trophic ecology. The model is.designed to incorporate
measurable parameters for simulating seasonal changes in a natural fish
population. Model simu]étions for a bluegil pdpu]ation indicated that
changes in temperature of +3°C and +10°C over ambient caused a d:crease
in biomass and extinction of the population, respectively.

The above four models deal with forecasting the effects of impacts
at the population level, and as such they accurately reflect the current
emphasis in the role of simulation modeling as applied to assessing
impacts on aquatic ecosystems. However, the generalized simula‘.ion
model developed by Park et al. (1974) for lake ecosystems is an example
of the type of model which should find increasing applicability in pro-
viding aF least semi~-quantitative indications of the ecosystem effects
of such impacts as nutrient enrichment and thermal alterations.

The above discussion provides a brief overview of the range of
applications of simulation models in impact evaluation. We turn now
to a detailed discussion of an impact assessment with which we have
been involved for several years and which involves the use of simulation

models as an aid in determining the significance of an impact.

D. An Example: Determining the Significance of'Entrainment and
Impingement on the Hudson River Striped Bass Population

The Problem
Figure 8 illustrates the lower Hudson River from the dam at Troy
to the Battery where the river drains into Mew York Bay, a distance of

approximately 150 miles. Also indicated are the locations of seven



24

existing power plants and one proposed project, the Cornwall pumped-
storag: facility. The concentration of power plants between mile
points (MP) 38 and 65 is of particular concern, due primarily to the
cumulative water withdrawal from the Hudson River by these plants
(Fig. 39). From 1950 through 1972 there was a steady but gradual
increase in water withdr;wal as Indian Point Unit 1T and the various
relatively small units at Lovett and Danskammer came on line. Since
1972 there has been a rapid and large increase in the cumulative water
withd~awal as relatively large units at Bowline, Roseton and Indian
Point have come on line. Water withdrawal in future years is in
question ard depends on the fate of the proposed Cornwall pumped-
storege facility, the installation of closed-cycle cooling at Bowline,
Roseton, and Indian Point Units 2 and 3, and the construction of addi-
tional power plants in this middle region of the Tower Hudson River.
Although the cumulaiive effects of thermal and chemical discharges
vom these plants clearly require monitoring because of potential habitat
alteration, the primary concern has been thz direct cropping impact on
fish populations due to impingement on the intake screens and entrainment
in the water passing through the plants. In vesponse to this concern,
the three utilities involved (Consolidated Edison Company of New York,
Inc.. Orange and Rockland Utilities, Inc., and Central Hudson Gas and
Electric Corporation) have supported a steadily escalating research
progriam that somewhat parallels the water withdrawal curve in Fig. 9
and that now involves expenditures exceeding $5 million per year.
Entrainment and impingemant data indicate that the fish species

having the greatest potential for being adversely effected by the
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operation of these power plants are striped bass, white perch, tomcod,
alewife, blueback herring, and anchcvy (USNRC 1975, pp. V-125 to V-183).
For several reasons, however, the inpact assessment ..as concentrated on
one of these species, the striped bass. The striped bass is a "repre-
sentative and important species" (RIS) (Coutant 1975) in that it is the
object of an intensive sport and ccmmercial fishery, it is a represen-
tative anadromous species (returning to fresh water to spawn), and it is
one of the top carnivores in the fish community in the Hudson River
Estuary. Secondly, the spawning d'stribution of striped bass in the
Hudson River is in and immediately above the region in which the plants
are concentrated, while the major nursery area for young-of-the-year
striped bass is in Haverstraw Bay and Tappen Zee Bay immediately below
Bowline, which is.be1ow most of the other plants (Figs. 8 and 10). Data
(USNRC 1975, Appendix G, pp. B-2 to B-31; B-72 to B-73; B-113 to B-120)
indicate that the majority of young-of-the-year striped bass which survive
to reach this major nursery area move past these povwer plants at an
entrainable size {i.e., less than 50 millimeters long). Finally, con-
siderably more information is available for striped kass than for any
of the other five fish species of concern, thus permitting a more detailed
and accurate assessment. In terms of the N state variables introduced in
Section II, the determination of the significance of the impact of these
power plants on the Hudson River ecosystem has focused on one dimension of
that hypervolumz, namely that for the Hudson River striped bass population.
The assessment has been at the population level, as opposed to either fhe
individual organism level or the fish community or ecosystem level.
Although our assessment was carried out in the course of the licensing

procedure for a single power plant (Indian Point Unit 3), young-of-the-year
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striped bass are subjected to entrainment and impingement impacts from the
entire complex of power plants on tha Hudson River. Consequently, a multi-

plant or regional assessment of the impact was necessary.

Use of Simulation Models

Is an aid in determining the significance of the entrainment and
impingement impact on the Hudson River striped bass population, we
have developed two simulation models Fig. 11): a young-of-the-year
population transport model [Eraslan et al. (in press)] and a Tife-cycle
population model (Van Winkle et al. 1974). Other simulation models for
the Hudson River striped bass population have been develcped by Clark
(1972), Lawler (1972), and Texas Instruments (1974). [A similar pair
of simulation models has been developed at the University of Rhode
Island and applied as an aid in assessing the potential impact of the
Millstone Point Huclear Power Station on the winter flounder population
spawning in the Hiantic Bay area (Hess et al. 1375)].

Our striped bass young-of-the-year model [Eraslan et al. (in press)]
considers six life stages (egg, yolk-sac larva, post yolk-sac Jarva. and
three juvenile stages), and it includes dependence of spawning rate,
mortality rates, growth rates, apparent survival probabilities and maxi-
mum swimming speeds on temperature, salinity and popu1§tion densities.
The transport of these life stages in the Hudson River is formulated in
terms of a daily transient (tidal-averaged), longitudinally one-dimensional
(cross—section-averaged) hydrological transport scheme. The major features
of the nodel are represented schematically in Figs. 12 and 13. The vali-
dation procedure for this model involves comparing simulated and observed
weekly standing crop values in the Hudson River for each of the young-of-

the-year 1ife stages {Fig. 14).
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From the striped bass young-of-the-year population model, we obtain
forecasts of the percent reduction in the number of striped bass surviving
thgi?“fffét'&éér; due to mortality &t the power plants. This percent
reduction value provides input to the striped bass 1ife-cycle population
medel (Fig. 15) (Van wiﬁk1e ét al. 1974). The life-cycle model is
designed to evaluate the long-term impact on the striped bass population
of changes in mortality in the youngest age class. The general question
concerns what happens to a fishery when new, density—independent sources
of mortality which act on the young-of-the-year are aaded to already
existing sources of mortality. This model considers all age classes
of stripad bass from young-of-the-year to fifteen-year-olds and older.
The model is strictly time-dependent and, unlike the young-of-the-year
model, does not include spatial considerations. In the model the striped
bass pcpulation is presently assuﬁed to be regulated in the long-term
time fraﬁe by fishing mortality which varies with the weight of fish
available to the fishery in a compensatory (density-dependent) manner.

Typical but hypothetical results from the 1ife-cycle model are
illustrated in Figs. 16 and 17 for two designs. Design 2 involved an
annual reduction of 50% for each of the first 35 years in the number
of striped bass surviving their first year, due to mortality ét the
pover plants, and then no power-plant impact for the next 65 years.
Design 1 involved an annual reduction of 50% for fhe first five years,
followad by an annual reduction of 10% for the next 30 years, and then
no power-plant impact for the next 65 years. Relative yield (Fig. 16)
is defined as the ratio of the yield to the fishery with a power-plant
impact to the yield with no power-plant impact. RELTOTP (Fig. 17) is

defined as the ratio of the size of the legally fishable population
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with a power-plant impact to the size of the legally fishable popula-
tion with no power-plant impact.

Figure 16, which is similar to Fig. 1b except that pounds of fish
rather than value is depicted, and that the line of nc impact corresponds
to a horizontal line thépugh Relative Yield = 1:0 instead of I(t) = 0.0,
can serve as a basis for an economic benefif—cost analysis (USNRC 1975, pp.
XI-76 to XI-107). The hatched area in Fig. 16 represents an index of the
difference in the expected impact on the striped bass fishery from the
two pawer plant designs.

Figure 17 can serve as a basis for calculating an index of rish of
irreversible damage to the striped bass population. This index of risk,
calculated as %(0.5 - RELTOTPi) for all years i such that RELTOTP < 0.50,
corrasponds to the hatched area in Fig. 17. This index takes into account
boti. the number of years and the extent to which the relative size of the
population is depressed below 0.5 of its original steady-state size. The
choice of a “"critical value" of one-half of the original size of the popula-
tion is somewhat arbitrary, but in light of presently available information,
our judgment is that 0.5 seems reasonable but not conservative for a fish
species subjected to an intensive sport and commercial fishery. Analyses
for striped bass have also been made using 0.75 (Fig. 17) as the critical
valus fof the relative size of the population (USNRC 1975, Appendix B, pp.
B~182 to B-188). For a species that is not heavily fished, a Tower
critizal value (Fig. 17) might be appropriate for calculating the index,
in order to reflect the expectation of a lower risk of irreversible daﬁage
with a given level of cropping.

The results of our assessment of the potential impact of the power

Plants on the striped bass population spawning in the Hudson River provides
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an example of how biological information can be analyzed to aid in the
decision-making process (Fig. 3). In the case of the striped bass, it
has been possible to identify a non-trivial adverse impact as having a
reasonabie, albeit unquantifiable, probability of being irreversible
[decision points (2) and‘(3)], although changing the existing plant to
substantially reduce this risk is probably not cost-effective [part of
decision points (4) and (7)] if the impact would indeed be reversible.
With reference to the gradients of increasing difficulty in Fig. 4,
the striped bass young-of-the-year model, on the one hand, simuiates
" relatively short-term, near-field phenomena, i.e., phenomena occurring
within a year in the Hudson River. The 1ife-cycle model, on tne other
hand, deals with relatively long-term, far-field phenomena, i.e.,
phenomena occurring over a 100 year period not only in the Hudson River
but wherever adult Hudson River striped bass may migrate along the
Atlantic‘Coast. The gradients of increasing cost, time required, and
uncertainty diagramed in Fig. 4 are reflected by the design of the
research program [which focuses primarily on the young-of-the-year striped
bass and short-term (i.e., annual) str-.es] supported by the utilities
which have plants on the Hudson River. In turn, these gradients are
reflected in the nature of the validations for the two simulation models.
Validation of the young-of-the-year model invelves comparing simulated
and observed temporal and longitudinal distributiéns for each of the life
stages (e.g., Fig. 14), whereas validation of the 1ife-cycle mocel is
more on a qualitative basis involving trends and direction of change in
variables such as population size and age distribution that are in agree-
ment with expectations (USHRC 1975, pp. V-151 to V-153 and Appendix B,
Pp. B-179; B-182 to B-184). Similar comments apply to the independent
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striped bass simulation models developed by contractors for Consolidated
Edison Company of MNew York, Inc. (Lawler 1972; Texas Instruments 1974).
At each'step in a sequential assessment, it is possible, and
perhaps appropriate, to ask, “So what?" Direct counts of the number
of striped bass impinged:at each pover p]apt are available and esti-
mates of the number of each 1ife stage killed by entrainment at each
plant can be made. But how do we judge the significance of these
numbers? What fraction of the young-of-the-year striped bass population
does =his loss represent? The young-of-the-year model [Eraslan et al.
(in press)] and other models (e.g., Lawler 1972) provide answers to this
question in ferms of an annual percent reduction in the number of striped
bass surviving their first year, due to the power plants. But what does
a 103, 30%, 50%, or 70% annual reduction in the first year class mean
for the Fota] striped bass popu]ation over the lifetime of the power
plants and beyond? The life-cycle model attempts to provide an answer
to this question in terms of reductions in relative yield and in rela-
tive population size and changes in the age structure of the population.
But what is the significance of an index or risk of 1.04 (Fig. 17) or
the significance of depressing the striped bass population for 10, 20
or 40 years below cne-half of the size it would have been without the
impact? ‘Our point is that there is no logical final step in the sequence
at which time the question of significance is clearly answered. However,
provided that new data are factored into each additional step of such a
sequential asswussment, then the information gained at each step contriButes
to the basis for making a judgment as to whether an impact is "significant"

(i.e., in Fig. 3, whether it justifies rejection of a project or selection

of an alternate design).
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Sinulation models are but one tool in the kit of techniques for
assessing environmental impacts. They have the advantage of providing
a unifying analytical framework for diverse field and laboratory data
and of focusing attention on questions wnere further information is
needed. At the same timé the uncertainties, thé assumptions, and the
weaknesses in the data base used to estimate input parameters and
validate the model must be appreciated and the model results inter-
preted and weighed accordingly in making a judgment as to the sig-
nificance of a given impact. It was with these considerations in
mind that the U.S. Nuclear Regulatory Commission Staff relied in part
on th2 results from the striped bass young-of-the-year model [Eraslan
et al. (in press)] and life-cycle model (Van Winkle et al. 1974) in
reaching the conclusion that: "Operation of Indian Point Unit No. 3
with the.once-through cooling system will be permitted during an
interim period, the termination date for which will be September 15,
1983. Thereafter,...the Plant shall be operated with an approved
closed-cycle cooling system....If the Licensee believes that the
empirical data collected during this interim operation justify an
extersion of the interim operation period, or other relief, it may
make an application to the Atomic Energy Commission (USHRC 1975,

pp. Xviii-xx).

V. Ccncluding Thoughts

Early in this paper, we mentioned that the primary goal of impact
analysis is to provide information on which to base responsible deci-

sions about a project. We have discussed a conceptual framework for
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impact &nalysis, and several kinds of analytical methods which we have

frund to be useful, and in some cases necessary, for achieving this

goal. In the sense of an overview of this material, several geints are
worth stressing:

1. There is a need:for commor. agreement about the meaning of
such often-ysed terms as impact, insignificamt, signifi-
cant, ard irreversible.

. As man's activities impinge more and more on ecological
systems, it is becoming increasingly important te consider
individual projects in the context of related existing
and proposed sources of envirgnmental stress, rather
than merely as isolated sources of possible damage.

As such, a priori planning (e.g., "designated site"
.studies) have clear advantages over a posteriori
analyses.

3. Simulation models provide a useful forecasting technique
for impact analysis. There is a continuing need to
develop and generalize such models, so that they can
be used more routinely in the analysis of impacts.

Still, models cannot be perfect representations of
reality. There will always be a need for qualitative
Jjudgments by professionals in the building, application,
and interpretation of the results of models, and in
dealing with questions that are not amenable to being
modeled. In addition, judgments by people in various
disciplines will continue to be required in deciding

what action, if any, is appropriate in a given case,
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considering the range of possible impacts that can
reasonably be expected to cccur.

In the broadest sense, the analysis of biological impacts is but
one step in a more or less sequential process which begins with the
collection of field data.and end§ with a decision based only par:ly
on ecological considerations. The entire process will benefit as more
communication. is established betwesn practitioners at all levels, and
as the state of the art at each level is advanced. Workshops such as
this represent an cpportunity not only to clarify our own roles, but
hopefully to suggest directions of progress to others who are involved

in the application of biological impact analysis.
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Fig. 1.

(a) Index of value of an ecosystem versus years, with and
without a hypothetical rlant. (b) Index of impact of the

“plant on the ecosystem [I(t) = Vp(t) - Vo(t)] versus years.

Key for both Figs. la and 1b: C"denotes beginning of con-
struction impact; 0 denctes beginning of operational impact;
D denotes decomnissiconing (end of operation); and E denotes
end of impact.
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Fig. 2. Impact-line representation of the total impact (I7) of the
_hypothetical plant dealt with in Fig. 1.
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Decision-tree for determining the acceptability of a project
with respect to its impact on a biolegical system. The
dashed box indicates the region where the project may oe
rejected for lack of a suiteble alternative. The hecavy
arrow leaving the dashed box shows the point at which the

-project is assured of eventual acceptability (although

further changes may still be needed).



4, 48 SQCIOLCONQMIC
WUNEFIT OF PROJECT
GATATIN THAN
S0C!IQECONOMC
COST OF IMPACT?

2 I3IAREVERSILY
LFFECTIRRIOLOTCAL
| SYSYEM TAWVIALY

A 15AN
ALTERNATIVE

AVAILAGLEDY

{seucram )
AY / ves

PROMCY UNACCLPTARLL

8. DOTS IMPACT
SJAYISFY LIGAL
SYANNARDS?

T.16 PAESTNY

REIGH UNC L UDING
MODE GF DPEAATION]
COSLEFFECTIVILY
OrtiMaLk

PRQULCT ACCEPTABLE

TEST OTHER CRITENIA,
wg, NON 810L0CICAL

SOCIDECONDMIC IMPACTE;
TATETY

M -0ws To- IO

OFTIMIZE OESIGN
{INCLUDING wQOR
©OF DPERATION}

by



Fig. 4. Gradients associated with analyzing impacts.
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Fig. 5. Data on the thermal tolerance of Corbicula manilensis, the
Asiatic clam. iilustratinu percent mortality as a funciion
of exposure tine at 36°C using groups of clams acclimated

to d;fferent temperatures. (Modified from Mattice and Dye
1975}.
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Fig. 6.

Thermal tolerance parallelogram for Corhicula manilensis, the
_Asiatic clam, based on 50% mortality values obtained frem Fig.

5 and similar data for other acclimatior temperatures.
(Modified from Mattice and Dye 1975).
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Fig. 7.

Total production during the reproductive period of the pulmonate
gastropod mollusk Lymnaea obrussa Say as a function of temperature
for two sizes of snails. LModified from Mattice (in press)].
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Fig. 8. The Hudson River showing major existing and planned power
generating plants (USNRC 1975, Appendix B, p. B-57).
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Fig. 9.

Maximum cumulative intake flow withdrawn by the power plants on
the Hudson River over the period 1944 through 1924. For the

‘period 1979 through 1984 the solid line (—————) is for

Indian Point Units 2 and 3 with once-through cooling and without
Cornuall, the dashed line (-~e--wa--- )} is for Indian Point Units
2 and 3 with closed-cycle cooling and without Cornwall, and the
dotted 1ine (¢ » « « +) is for Indian Point Units 2 and 3 with
once~through cooling and with Cornwall.
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Fig. 10. Llongitudinal distribution along the Hudson River of striped

bass eggs during the week beginning May 14, 1973 and of
- striped bass juveniles during the week beginning August 6,

1973 (based on data provided in letter dated August 30, 1974,
from Carl L. Hetman, Consolidated Edison Company of New York,
Inc., to George Y. Knighton, U.S. Atomic Energy Comm’ssion,
transmitting Quirk, Lawler, and Matusky's reduction of the
1973 data from the Texas Instruments' longitudinal river
traw] survey and seining survey).



AY3LLVE WON4 S3TIW
09f Opk O+ OOk 08 09  Ob 02 0

> GIIQHH@!.”GJOQQI.I
/N Da

\ ~
Sy \

¥ mooyvA

S3TNIANL —

L89-62 9MA—"INYHO

SYILMNVIJOAHLHII
S5SVv8 Q3di¥LS 40 SNOITIN

O
()



Fig. 11. Overview of the striped hass young-of-the-year population
transport model and Tife-cycle population model (Van Winkle
.et al. 1974).
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Fig. 12. Schematic representation of the computer simulation model for
the striped bass young-of-tha-year population in the Hudson
* River [Erasian et al. (in press)].
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Fig. (3.

Schematic representation of a discrete element as considered
in the computer simulation model for the striped bass young-

" of-the~year population in the Hudson River (USNRCT197%,

Appendix B, p. B-58).






Fig. 14. Validation procedure for the striped bass young-of-the-year
population transport model, comparing simulated and ohserved
. weekly standing crop values for each of the life stag=s
[Eraslan et al. (in press)].
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Fig. 15.

Box-and-arrow diagram for the striped bass life-cycle
population model i1llustrating aging transfers, production

. of eggs by sexually mature females, and losses due to

natural mortality, fishing mortality, and entrainment
and impingement at power plants (Van Winkle et al. 1974).
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Fig. 16.

Two hypothetical curves of relative yield to the fishery
versus years to illustrzte the type of biological informa-
tion needed in addressing the two quastions: Is the
socioeconomic benefit of the project greater than the
socioeconomic cost of tne impact of the project on the

. biological system? Is the prasent design (including mode

of operation) of the project optimally cost-effective
with respect to minimizing the damage to (or enhancing
the value of) the biological system? [See decision points
(4) and (7). Fig. 3]. .
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Fig. 17. Two hypothetical curves of relative size of the fishatle
population (RELTOTP) versus years to illustrate one approach
towards addressing the question: Is the impact of tha
project on the biological system reversible? [See decision
point (2), Fig. 3].
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